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General Introduction

The incidence of orthopaedic oncologic disease in the upper extremity is rare, and neoplasms 
are mostly benign.1–3 They include many histologic subtypes with different characteristics, with 
the most common benign tumors being enchondromas, giant cell tumors of tendon sheath and 
hemangiomas, and the most common malignant tumors being chondrosarcomas, epithelioid 
sarcomas, synovial sarcomas and clear cell sarcomas.4–6 Orthopaedic oncologic treatment aims 
for limb salvage, increasing functionality whilst maintaining oncologic outcomes.7–9 Tumors in 
the upper extremity are challenging because of the importance of hand and arm function, the 
close vicinity of important neurovascular structures and they often necessitate un-standardized 
approaches, making these tumors different to those located in the lower extremity.8

Sarcomas should be resected with negative margins, along with pre- or post-operative 
chemo-/radiotherapy depending on the histologic subtype and size.10–14 Chondrosarcoma of the 
hand form an exception to this rule, they can be treated by intralesional curettage as these are 
considered low-grade, with low metastatic potential.15 Overall, treatment of these malignancies 
should take place in oncologic centers as this has shown to improve the oncologic and functional 
outcomes.16,17 Nonetheless unplanned incisions or excisions (defined as surgery without oncologi-
cal workup) remain a common issue, negatively affecting outcomes in various ways.17–24 Specific 
literature evaluating this in soft tissue sarcomas of the hand is limited.

Two benign histologies of specific interest are giant cell tumors (GCTs) and extra-abdominal 
desmoid tumors. They are both locally aggressive with high recurrence rates and varying treat-
ment options.

Giant cell tumors are composed of osteoclastogenic stromal cells originating from the mes-
enchymal tissue.25 Their destructive feature is caused by osteolysis due to bone resorption by 
osteoclast-like multinucleated giant cells.25,26 The most common location in the upper extremity 
is the distal radius and it has frequently been suggested that tumors are more aggressive in this 
location.27,28 Both intralesional curettage and wide resection are accepted treatments, but the 
balance between recurrence and functionality need to be considered.28,29 In patients with soft tis-
sue involvement or insufficient bone stock, wide resection is indicated, as this makes intralesional 
curettage technically not possible. If this is performed in the distal radius there are several recon-
structive options, either with or without wrist joint preservation and include wrist arthrodesis30–34; 
articular reconstruction with vascularized or non-vascularized fibular autograft32,34–37; distal radius 
osteoarticular allograft reconstruction38–52; or wrist endoprosthesis.53–58 To aid decision making, 
awareness of the factors affecting recurrence, along with outcomes of reconstructive techniques 
are useful.

Extra-abdominal desmoid tumors are benign tumors that cause pain and functional impair-
ment. These locally invasive tumors show clonal proliferation of benign fibroblasts originating 
from fascial or deep musculoaponeurotic structures.59,60 In sporadic cases mutations of the 
CTNNB1 gene are common and occasionally there is an association with an adenomatous pol-
yposis coli (APC) gene mutation.59,61 Most recently, a “wait-and-see” approach has been proposed 
as the optimal first-line treatment with systemic treatment before surgery or radiotherapy is 
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considered.62–65 However, this is in contrast with previous recommendations where aggressive 
resection with negative margins with adjuvant radiotherapy was the preferred treatment.66–69 
In light of this changing treatment paradigm, most studies have focused on event-free survival 
without assessing the long-term patient reported outcomes associated with different treatment 
modalities, the latter is important considering the morbidity of non-conservative treatments.

Another situation where extensive surgery may lead to unwanted morbidity is in patients 
presenting with digital melanonychia. Melanonychia can be caused by melanocytic hyperplasia 
resulting in a pigmented lesion of the entire nail apparatus.70 In these patients there is concern 
regarding an underlying ungual melanoma or the transformation into one. Therefore, confirming 
the nature of the lesion is essential but clinical evaluation is often insufficient and formal patho-
logic evaluation is necessary.71 This can be performed by punch biopsy, shave biopsy or excisional 
biopsy. However, unwarranted aggressive nailbed excision leads to nail plate abnormalities and 
unaesthetic appearance.72 Assessing how to approach these patients may help to avoid these 
complications.

Besides the strict oncologic aspects of surgery, it is important to be aware of its potential 
sequelae. Early soft-tissue complications should be prevented when possible, especially in the 
presence of large implants. Infections are one of the most challenging complications and oc-
cur in 12-15% patients following limb salvage surgery.73,74 However, these percentages may be 
considerably lower in upper extremity limb salvage surgery.38,75 Identifying modifiable factors for 
pre-operative patient optimization may reduce these complications, as has been shown in other 
surgical procedures.76–81

A later complication following oncologic amputation or resection with nerve involvement 
includes neuroma formation and phantom limb pain. A neuroma is disorganized growth of axons 
embedded in scar tissue and occurs following nerve transection.82 In roughly 4-32%83–90 of patients 
these neuromas are symptomatic, severely impairing functionality.91,92 Additionally, phantom limb 
pain occurs in 12.5-45% of amputees, and appears to correlate with neuroma pain.85,86 In the past 
decade there has been an increasing body of evidence supporting active treatment of nerve ends 
following neuroma excision in the forms of nerve repair/reconstruction or newer techniques such 
as targeted muscle reinnervation and regenerative peripheral nerve interfaces.93–96 Implementing 
these treatments at the time of oncologic surgery may further reduce neuroma and phantom 
limb pain development.97,98 This benefits upper extremity functionality and prosthesis fitting.93,99 
However, these novel techniques are not always possible in the hand and improvement of exist-
ing techniques need to be evaluated.

A final component to consider in orthopaedic oncologic care is the patient’s psychosocial 
well-being, which has shown to influence outcomes in upper extremity surgery.100 Psychosocial 
distress is common amongst patients with an oncologic diagnosis, with anxiety being present in 
almost 20-30% of the patients.101–103 Poor copers can be identified with the several questionnaires 
and identification of these patients can allow for early psychologic intervention.104 It has been 
shown that even a small intervention such as a 60-second of mindfulness may already have a 



13

General Introduction

positive impact.105 Added to that, it could be useful for clinicians to identify signs of inferior coping 
strategies through clinical signs.

To improve upper extremity orthopaedic tumor treatment, the aim of this thesis is to answer the 
following questions:

Part I: Orthopaedic Oncologic Aspects Around the Hand

1.	 What	are	common	malignancies	of	the	hand	and	what	is	their	prognosis?	(Chapter 2)
2.	 Do	 unplanned	 excisions	 in	 soft	 tissue	 sarcomas	 of	 the	 hand	 impact	 oncologic	 outcomes?	

(Chapter 3)
3.	 What	factors	are	associated	with	a	pathologic	fracture	in	benign	phalangeal	tumors?	(Chap-

ter 4)
4.	 How	should	melanonychia	with	melanocytic	hyperplasia	be	approached?	(Chapter 5)

Part II: Orthopaedic Oncologic Aspects of the Upper Extremity

5.	 What	 factors	 are	 associated	with	 recurrence	 of	 giant	 cell	 tumors	 in	 the	 upper	 extremity?	
(Chapter 6)

6.	 What	 impacts	 the	 outcome	 of	 osteoarticular	 allograft	 reconstruction	 of	 the	 distal	 radius?	
(Chapter 7)

7.	 How	to	reconstruct	the	proximal	radius	following	oncologic	resection?	(Chapter 8)
8.	 How	does	 treatment	modality	 affect	 patient	 reported	outcomes	 in	 patients	 treated	 for	 an	

extra-abdominal	desmoid	tumor	of	the	extremity?	(Chapter 9)

Part III: Non-Oncologic (Peri-)Operative Optimization

9.	 What	factors	are	associated	with	secondary	neuroma	surgery?	(Chapter 10)
10.	What	factors	influence	the	patient	reported	outcomes	after	digital	neuroma	surgery?	(Chap-

ter 11)
11.	Is	malnutrition	associated	with	 postoperative	 complications	 in	 patients	with	 primary	bone	

sarcomas?	(Chapter 12)
12.	How	to	identify	patients	with	suboptimal	coping	strategies?	(Chapter 13)
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ABSTRACT

Introduction: The aim of this study was to describe patient characteristics, treatment and onco-
logic outcomes of malignant tumors of the hand.

Methods: Twenty-four bone sarcoma and 69 soft tissue sarcoma (STS) in adult patients treated a 
tertiary referral center were retrospectively included. We compared patient and tumor character-
istics between bone and soft tissue sarcoma, along with oncologic outcomes.

Results: Chondrosarcoma (24%) was the most common bone tumor and epithelioid sarcoma 
(17%) was the most common STS. The 5-year disease-free survival (DFS) for chondrosarcoma was 
61%, with an overall 5-year survival of 100%. The 5-year DFS for epithelioid sarcoma was 75% with 
an overall survival of 100%, with a metastatic rate of 15%. In synovial sarcoma 40% of patients 
developed metastasis and the 5-year DFS was 68% and the overall 5-year survival was 73%. Clear 
cell sarcoma had a 5-year DFS of 56% and overall survival of 100%, 33% of patients developed 
metastasis.

Discussion: Despite high recurrence rates, low grade chondrosarcomas of the hand have a good 
prognosis and can be treated with limb salvage. Soft tissue sarcomas are aggressive tumors with 
a high metastatic potential, even with adequate oncologic treatment, long-term clinical follow-up 
(10 years) in these tumors is advised.
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INTRODUCTION

Primary malignancies of the hand have an incidence of <0.1% and are occasionally encountered 
by physicians.1 In the hand the suspicion for a malignancy is low as tumors are small and the 
majority are benign (commonly a ganglion).2 However, adequate recognition of malignancies is 
important for referral of patients to multidisciplinary cancer-care centers. 3

Malignancies affecting the bone in the hand are predominantly chondrosarcoma, osteo-
sarcoma and metastasis, although the latter two are extremely rare.4 In case of a soft tissue 
sarcoma (STS), Mattei et al. demonstrated that epithelioid sarcoma, synovial sarcoma and clear 
cell sarcoma are more prevalent in distal extremities compared to other locations.5 Added to 
that, suggestions have been made that both bone and soft tissue sarcoma of the hand behave 
differently than other locations in terms of biologic aggressiveness and oncologic outcome.5–8

Because of the rarity of malignant tumors of the hand, overviews of oncologic outcomes 
are sparse. Therefore, we aimed to review the malignant hand tumors that were treated at our 
institutional system to describe patient characteristics, treatment and oncologic outcomes, with 
emphasis on tumors with predilection for the hand.

METHODS

After Institutional Board Approval, we retrospectively identified all adult patients that were 
treated for a bone sarcoma or STS of the hand at a tertiary referral hospital between 1971-2015. 
We used ICD-9 codes (Appendix 1) along with an institutional orthopaedic oncology database to 
identify patients.9 One-hundred and thirty-five malignant tumors of the hand were verified. Nine 
metastases to the hand were excluded. We excluded patients that were referred for clinical or 
pathological consultation (n=23), those undergoing treatment at an outside hospital (n=4) or had 
insufficient information in their medical charts (n=6). We report on 92 patients with 93 malignan-
cies located in the hand.

Medical chart review was performed to collect information on patient-, tumor- and treat-
ment characteristics. All tumors were histologically evaluated and histologically confirmed by a 
bone and soft tissue pathologist. Tumor recurrence was defined as histologic diagnosis of the 
same tumor at the site of previous surgery. Disease-free survival (DFS) was defined as the time 
from surgery to the time of local recurrence or metastasis, or the time to last clinical follow-up 
in patients without local recurrence or metastasis. Death due to the malignancy was censored if 
a patient deceased because of metastasis or locoregional disease or if specified in the medical 
charts. Overall survival time in non-metastatic tumors was the time from surgery to the time of 
death.
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Study population

We identified 69 soft tissue malignancies and 24 bone malignancies. Median follow-up was 3.6 
years (IQR:1.1-9.0). The median patient age was 47.4 (IQR:36.4-60.2) and there were 46 male 
patients (45%). One patient with underlying Maffucci syndrome had two separate occurrences of 
a chondrosarcoma, these were counted as separate tumors in analysis.

Statistical Analysis

We compared patient characteristics between bone sarcoma and STS using the Mann-Whitney 
U test for continuous variables and the Fisher’s exact test for categorical variables. Of the STS 
histologies that occurred at least five times, we compared differences in age at presentation using 
a linear regression (this was not performed for bone sarcoma because there were only three 
osteosarcomas to be compared with 22 chondrosarcomas). We calculated the recurrence rate, 
metastatic rate, 5-year DFS and overall survival for tumor histologies with more than five occur-
rences per histology type in our cohort.

RESULTS

Primary bone vs. soft tissue tumors

Soft tissue sarcomas (n=69, 74%) were more common than bone sarcomas (n=24, 24%). Com-
pared to STS, bone sarcomas were more common in females (n=20, 83% vs. n=36, 46%, p=0.002) 
and more commonly found in the phalanges (75% vs. 28%, p<0.001) (Table 1). Sixty-four of the 

Table 1: Patient demographics primary bone and soft tissue tumors

Tumor P-value

Bone Soft tissue

(n=24) (n=69)

Age, median (IQR), yrs 47.9 (43.3-57.8) 46.1 (33.7-57.9) 0.33

Male gender, n(%) 4 (17) 37 (54) 0.001

Location, n(%) <0.001

Phalangeal 18 (75) 18 (26)

Metacarpal 6 (25) 46 (67)

Carpal - 5 (7.3)

Histologic grade, n(%) <0.001

I 17 (71) 17 (24)

II 6 (25) 23 (33)

III 1 (4.2) 30 (43)

Amputation, n(%) 12 (50) 27 (39) 0.47

Recurrence, n(%) 5 (21) 8 (12) 0.31

Metastasis, n(%) 0 15 (23) 0.009
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tumors had an unplanned excision prior to presentati on, of which 54 (84%) were a STS and 10 
(16%) were a bone sarcoma.

The metastati c rate was higher in STS (n=15, 22%) compared to bone sarcoma (n=0, 0%) 
(p=0.009). Most of the bone tumors were low grade compared to the soft  ti ssue tumors (n=17, 
71% vs. n=17, 26%, p<0.001). The 5-year DFS of for bone tumors was 62% and 69% in STS and the 
overall 5-year survival was 100% for bone tumors and 83% in STS (Figure 1).

Bone Sarcomas

Chondrosarcoma
Chondrosarcomas were the most common bone tumor (n=22, 92%), 17 were grade I and 5 were 
grade II (Figure 2 & 3) (Table 2). The majority of pati ents were female (n=19, 91%) and had a 
median age of 48.0 (range:26.0-78.8) (Figure 4). Thirteen tumors had primary treatment at our 

Table 2: Histologic subtype of hand tumors

Bone, n(%) Soft  ti ssue, n(%)

Chondrosarcoma 22 (92) Epithelioid sarcoma* 16 (24)

Osteosarcoma 2 (8.3) Synovial sarcoma 10 (15)

Fibrosarcoma 9 (13)

Undiff erenti ated pleomorphic sarcoma 8 (12)

Myxoinfl ammatory sarcoma 7 (10)

Clear cell sarcoma 6 (8.8)

Leiomyosarcoma 3 (4.4)

MPNST 2 (2.9)

Other** 8 (10)

* 3 pati ents presented with metastati c disease
** Additi onally, there were single cases of liposarcoma, granular cell sarcoma, spindle cell sarcoma, malignant 
synovial giant cell tumor, malignant hemangiopericytoma, angiomatoid fi brous histi ocytoma, epithelioid ma-
lignant schwannoma, extraskeletal osteosarcoma
MPNST= malignant peripheral nerve sheath tumor

Figure 1: Kaplan-Meier survival esti mates comparing bone and soft  ti ssue tumors (A) disease-free survival (B) 
overall survival.
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insti tuti on and were treated by intralesional curett age (n=8, 41%) or amputati on (n=4, 18%) or 
wide excision (n=1, 4.5%). There were nine tumors that underwent intralesional curett age at an 
outside for a suspected enchondroma, pati ents were referred for either recurrence (n=5, 21%) or 
aft er the diagnosis of chondrosarcoma (n=4, 17%) was made. Most of these pati ents were treated 
for recurrence with another curett age and bone graft ing.

Defi niti ve treatment for chondrosarcoma was intralesional curett age in 11 pati ents -nine 
grade I and two grade II chondrosarcoma- (50%). Ten pati ents underwent amputati on – eight low 
grade and two intermediate grade chondrosarcomas - (45%) and wide excision in one pati ent – a 
grade I chondrosarcoma- (4.5%) (Table 3). Amputati ons were performed aft er tumor recurrence 
in fi ve pati ents. These amputati ons were performed as repeated curett age or a wide resecti on 
was not feasible to preserve functi on. Two tumors in a single pati ent with Maff ucci Syndrome 
were treated with amputati ons as they were grade II. One pati ent had an amputati on because of 

Table 3: Treatment

Final surgical status Adjuvant therapy

Salvage Amputati	on Chemotherapy Radiotherapy

Histology, n(%) 

Chondrosarcoma (n=22) 12 (55) 10 (45) 0 1 (4.8)

Epithelioid sarcoma (n=13)* 4 (31) 9 (69) 1 (7.7) 5 (39)

Synovial sarcoma (n=10) 6 (60) 4 (40) 3 (30) 9 (90)

Fibrosarcoma (n=9) 6 (67) 3 (33) 0 5 (56)

UPS (n=8) 4 (50) 4 (50) 0 6 (75)

Myxoinfl ammatory sarcoma (n=7) 5 (71) 2 (29) 0 5 (71)

Clear cell carcinoma (n=6) 2 (33) 4 (67) 0 3 (50)

* 3 pati ents with metastasis at presentati on not included
UPS= undiff erenti ated pleomorphic sarcoma.

Figure 2: Chondrosarcoma of the distal phalanx of the middle fi nger: conventi onal antero-posterior radio-
graph (left ), T1-weighted MRI (middle) and short-TI Inversion Recovery MRI (right).
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a large tumor despite being low grade, one pati ent elected amputati on above intralesional treat-
ment. This occurred before 1995 when amputati ons for low grade chondrosarcomas were more 
prevalent. Lastly, in one pati ent a low chondrosarcoma was diagnosed aft er three intralesional 
curett ages for enchondroma. Due to multi ple surgeries and inability to preserve functi on with 
another curett age, it was decided to proceed with amputati on.

Combining all initi al treatments, six recurrences occurred aft er intralesional curett age and 
one aft er wide excision, one pati ent had a second recurrence aft er amputati on. The recurrences 
occurred in six grade I chondrosarcomas and in one grade II chondrosarcoma. The overall recur-
rence rate of chondrosarcoma was 32%, with a 5-year DFS of 61% and an overall 5-year survival 
of 100% (Table 4). No metastasis occurred.

Osteosarcoma
There were only two (8%) primary osteosarcomas of the hand, of which one was teleangiectati c 
subtype. Both were high-grade lesions. Both pati ents underwent digit amputati on and received 
adjuvant chemotherapy. One pati ent also underwent a senti nel node biopsy due to enlarged 
lymph nodes identi fi ed during the initi al staging studies. Both resecti ons had negati ve surgical 
margins. No pati ent developed a recurrence or metastasis.

Figure 3: Microscopic images of hematoxylin and eosin (H&E) stained slides show a conventi onal chondrosar-
coma from the fi nger. Low power magnifi cati on (40x) shows an infi ltrati ve carti laginous lesion growing in and 
around the pre-existi ng bony trabeculae.
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Soft  ti ssue Sarcomas

The most common STS were epithelioid sarcoma (n=16, 24%), synovial sarcoma (n=10, 15%), 
fi brosarcoma (n=9, 13%), undiff erenti ated pleomorphic sarcoma (n=8, 12%), myxoinfl ammatory 
sarcoma (n=7, 10%) and clear cell sarcoma (n=6, 8.8%) (Table 2). Three of the epithelioid sarco-
mas presented with metastati c disease to either the lungs, bone or axillary lymph nodes. Undif-
ferenti ated pleomorphic sarcoma presented at an older age (72.1 years, IQR:62.9-74.7) compared 
to epithelioid sarcoma (34.9 years, IQR:29.2-42.1) (p<0.001) (Figure 4). Recurrences occurred in 
two pati ents with an epithelioid sarcoma, two pati ents with a fi brosarcoma, two pati ents with a 
clear cell sarcoma, one pati ent with a synovial sarcoma and one pati ent with an undiff erenti ated 

Table 4: Oncologic outcomes

Recurrence rate Metastati c rate 5-year DFS 5-year overall survival

Histology 

Chondrosarcoma (n=22) 32% 0 61% 100%

Epithelioid sarcoma (n=13)* 15% 15% 75% 100%

Synovial sarcoma (n=10) 10% 40% 68% 73%

Fibrosarcoma (n=9) 11% 22% 68% 80%

UPS (n=8) 13% 25% 46% 71%

Myxoinfl ammatory sarcoma (n=7) 0% 0% 100% 100%

Clear cell sarcoma (n=6) 33% 33% 56% 100%

UPS= undiff erenti ated pleomorphic sarcoma; formerly malignant fi brous histi ocytoma; DFS= disease-free sur-
vival
* 3 pati ents presented with metastasis at diagnosis were not included

Figure 4: Boxplot showing diff erent ages for hand malignancies (n>5).
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pleomorphic sarcoma. Metastasis occurred in synovial sarcoma (n=4), epithelioid sarcoma (n=2), 
undifferentiated pleomorphic sarcoma (n=2), leiomyosarcoma (n=1), malignant peripheral nerve 
sheath tumors (n=1), malignant hemangiopericytoma (n=1) and spindle cell sarcoma (n=1). In 
total eight patients deceased, with a synovial sarcoma (n=2), fibrosarcoma (n=1), undifferenti-
ated pleomorphic sarcoma (n=1), leiomyosarcoma (n=1), malignant hemangiopericytoma (n=1), 
malignant peripheral nerve sheath tumor (n=1) or a spindle cell sarcoma (n=1).

Epithelioid	Sarcoma
Epithelioid sarcoma was more common in males than females (69% vs. 31%) and ages ranged 
from 24.0-83.1 years (median:34.9) (Figure 5 & 6). All patients with an epithelioid sarcoma un-
derwent previous unplanned excision followed by re-excision aiming to achieve negative margins. 
The majority of the patients (n=9, 69%) with a non-metastatic epithelioid sarcoma underwent 
amputation and five patients also underwent sentinel node biopsy, four patients had this as part 
of staging and in one patient because of increased 2-fluoro-2-deoxy-D-glucose (FDG) uptake 
around the humeral head on positron emission tomography (PET). One patient with positive 
final resection margins received adjuvant radiotherapy and chemotherapy. Three patients with 
intralesional excisions at an outside hospital underwent adjuvant radiotherapy, of which two 
also received neoadjuvant radiotherapy. Both, the recurrence rate and metastatic rate were 15% 
(n=2), one patient with a local recurrence later developed a metastasis. Metastasis occurred to 
the axillary lymph nodes in all cases and these were treated by partial axillary lymphadenectomy 
and chemotherapy in one and radio-chemotherapy in the other. The 5-year DFS was 75% and 
the overall 5-year survival was 100%. Of the three patients with metastasis at presentation two 
deceased after 7.7 months and 13.5 months, the third was an international patient and was lost 
to follow-up after 5.2 months.

Synovial	Sarcoma
Synovial sarcomas were more common in males (70%) than females (30%), and patients had 
a median age of 45.4 years (range: 26.4-66.7) (Figure 7 & 8). Limb salvage was the mainstay 
of treatment (n=6, 60%) along with neoadjuvant radiotherapy (n=6, 67%), one patient had this 
in combination with chemotherapy. Final surgical margins were positive in three patients, one 
patient received post-operative radiotherapy and one received post-operative chemotherapy, 
the third patient did not return for follow-up after surgery. In those with negative final margins 
one underwent chemotherapy and four underwent an additional course of radiotherapy. One 
patient (10%) with negative margins developed a local recurrence and four patients developed 
metastasis (40%), of which two had positive final margins. Metastasis occurred to the lungs in all 
cases were treated with combined chemoradiotherapy in three, chemotherapy alone in one and 
pulmonary wedge resections were performed in two patients. The 5-year DFS was 68% and the 
overall 5-year survival was 73%.
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Clear	Cell	Sarcoma
Clear cell sarcoma only occurred in males (n=6) with a median age of 49.2 years (range:30.9-76.9) 
(Figure 9 & 10). Four pati ents underwent excision and two pati ents had an amputati on. Three 

Figure 6: Microscopic images of hematoxylin and eosin (H&E) stained slides show a classical type epithelioid 
sarcoma. High power magnifi cati on (200x) shows highly atypical epithelioid cells with a small amount of clear 
to eosinophilic cytoplasm, some cells with eccentrically placed nuclei and a central area of necrosis.

Figure 5: Epithelioid sarcoma of the thenar region: coronal view T1 weighted MRI (left ) and right post-gado-
linium intravenous contrast (right).
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pati ents with prior unplanned excision underwent pre-operati ve radiotherapy, of which one un-
derwent post-operati ve radiotherapy. No pati ent was treated with chemotherapy. Final margins 
were negati ve in all but one, this pati ent did not undergo additi onal treatment. Two pati ents 
developed a local recurrence and metastasis, one was the pati ent with a positi ve margin. The 
5-year DFS was 56% and overall survival was 100%.

Figure 7: Synovial sarcoma of the dorsum of the hand: axial view T1 weighted (left ) and post-gadolinium 
intravenous contrast (right).

Figure 8: Microscopic images of hematoxylin and eosin (H&E) stained slides show a conventi onal biphasic 
synovial sarcoma of the hand. High power magnifi cati on (200x) shows an extremely cellular spindle cell lesion 
growing in short to medium sized fascicles and in sheets. There is numerous admixed gland like structures 
which represent the epithelial component of the tumor.
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For the other histologies with n>5, the recurrence rate, metastati c rate, 5-year DFS and 
overall survival along with fi nal treatments are shown in Table 3 and Table 4.

Figure 10: Microscopic images of hematoxylin and eosin (H&E) stained slides show a clear cell sarcoma. High 
power magnifi cati on (200x) shows tumor cells growing in nests of cells separated by fi brous stroma. The nests 
are composed of ovoid to focally spindled cells with clear nuclei, prominent nucleoli, and ample rims of lightly 
eosinophilic to clear cytoplasm.

Figure 9: Clear cell sarcoma second digit: coronal view T1 weighted (left ), post-gadolinium intravenous con-
trast (right).
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DISCUSSION

We reviewed malignant tumors of the hand treated over more than 40 years that were treated 
at a tertiary care hospital in the Northeastern United States. Chondrosarcomas were the most 
common malignant bone tumor and epithelioid sarcomas the most common STS. Soft tissue 
malignancies occurred more frequently than bone malignancies. Additionally, soft tissue malig-
nancies were more common proximal to the phalanges, whereas bone tumors were more distal. 
Soft tissue sarcoma showed higher metastatic rates and inferior 5-year DFS and overall survival 
compared to malignancies affecting bone, a reflection of their higher histologic grade.

When interpreting these results, we should be aware the strengths and limitations. Firstly, 
that we found that fewer bone tumors were treated in the assessed time period, which may 
be a reflection of epidemiological patterns. Soft tissue sarcomas are in general more common 
and prevalent than primary sarcomas of bone. Second, we only included adult patients (per 
ethics committee) potentially missing osteosarcoma of the skeletally immature. However, most 
osteosarcoma of the hand to-date have been reported in adults.10 Third, this study reviewed hand 
malignancies over a long time period with changing surgical and oncologic landscapes. However, 
because of the low incidence of malignancies in the hand, reporting representative oncologic 
outcomes is difficult, making this large time-span necessary.

Primary Bone Sarcomas

Chondrosarcoma
Chondrosarcoma, as seen in this study, are the prevailing bone malignancy in the hand.11 Of all 
chondrosarcoma, 2.9-6% are found in the hand and are predominantly low-grade.12,13 We found 
that chondrosarcoma of the hand were more common in women than men (10:1). Although rare 
and controversial, malignant transformation of an enchondroma to chondrosarcoma may occur in 
patients with long standing symptoms (>10 years), often in the setting of Ollier disease or Maffucci 
syndrome.14–16 Others suggest that the progression to a higher grade originates from a low grade 
chondrosarcoma, which may have been a misdiagnosed enchondroma initially.17,18 This line of 
thought also states that enchondromas do not transform into aggressive tumors. Differentiating 
an enchondroma from low-grade chondrosarcoma is challenging, and specialized histopathologic 
evaluation is recommended.19 This was seen in one patient in this series where a chondrosarcoma 
was diagnosed after three surgical treatments where histology reported enchondroma.

Chondrosarcomas are poorly sensitive to radio- or chemotherapy and intralesional curettage 
is the accepted treatment for low grade tumors in the hand.20 After intralesional curettage previ-
ous studies report recurrence rates ranging from 12.5-100%12,20–24, where more recent studies 
report lower recurrence rates: 12.5-22%20,21 (Table 5). Nonetheless, this recurrence rate is higher 
compared to similar treatment in other locations, 6-12%.25,26 After amputation recurrence rates 
are lower: 0-29%, at the cost of functionality.12,13,20,27 Chondrosarcomas of the hand are locally 
aggressive and metastasis have rarely been reported.11,24,27,28 Mankin proposed possible reasons 
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why chondrosarcoma of the digits may be less aggressive: (1) different genotypes (2) smaller tu-
mors (3) decreased angiogenesis due to digital vasculature and (4) decreased cartilage metabolic 
activity due to colder temperatures.6

Table 5: Overview previous studies on chondrosarcoma or osteosarcoma of the hand

n
(tumors)

Treatment Subtype Local
recurrence

Metastasis FU
(yrs)

Chondrosarcoma

del Pino et al. (2016)20 17 IC: 9 Grade I: 17 IC: 22% 0 18

Amp: 7 Amp: 12.5%

Mittermayer et al. (2004)21 13 IC: 8 Grade I: 13 IC: 12.5% 0 3.3

Res: 5 Res: 0

Patil et al. (2003)12 23 IC: 8 Grade I: 1 IC: 62.5% 0 8.5

Amp/Res: 15 Grade II/III: 22 Amp/res: 0

Bovee et al. (1999)14 28* IC: 15 Grade I: n unclear IC: 67% 0 6.6

Amp/Res: 13 Grade II/III: n unclear Amp/Res: 0

Frassica et al. (1989)11 9 IC: 5 Grade I: 6 IC: 80% 22% 3

Ex: 1 Grade II: 4 Ex: 100%

Amp: 3 Amp: 33%

Palmieri et al. (1984)13 18 IC: 1 - IC: 100% 0 4.7

Amp/Res: 17 Amp/res: 5.9%

Roberts et al. (1977)22 19 IC: 4 - IC: 100% 0 6.4

Ex: 2 Ex: 50%

Amp: 13 Amp: 7.7%

Dahlin et al. (1974)28 14 IC: 1 Grade I: 5 IC: 100% 14% 4

Ex: 1 Grade II: 7 Ex: 100%

Amp/res: 12 Grade III: 2 Amp/res: 8.3%

Osteosarcoma

Anninga et al. (2013)31 10 Res**: 6 Low grade central: 4 Overall survival: 
70%

0 6

Amp***: 2 Osteoblastic: 3

Ex: 1 Chondroblastic: 2

Biopsy: 1 Periosteal: 1

Small cell: 1

Okada et al. (1993)29 12 IL: 2 Chondroblastic: 3 Overall survival: 
91.7%

8.30% 5.1

Amp: 6 Osteoblastic: 3

Ex: 4 Fibroblastic: 2

**** LG central: 1

Periosteal: 1

Osteoblastoma-like: 1

* Included phalangeal enchondroma in feet ** 1 had marginal excision
*** Adjuvant chemotherapy in 2 patients **** 5 marginal excisions, no chemotherapy
IC= intralesional curettage; Ex= excision; Res= resection; Amp=amputation; FU= follow up
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Osteosarcoma
The two patients with an osteosarcoma in this series accounted for 8.3% of the malignant bone 
tumors in the hand. They were both treated with neoadjuvant chemotherapy, followed by surgi-
cal resection with negative margins and adjuvant chemotherapy or radiotherapy which achieved 
100% local and distant control. Osteosarcoma of the hand are extremely rare, accounting for 
0.18-0.31% of all osteosarcoma.29–31 A predilection for the metacarpals followed by the proximal 
phalanges has been observed30–34, in this series one was located in the metacarpal and the other 
in the proximal phalanx. Current treatment recommendation is surgical resection with negative 
margins along with multi-agent chemotherapy, especially in high-grade tumors.10,31,35,36 The same 
post-operative chemotherapy regimen should be considered if there is more than 90% tumor 
necrosis in the pathology specimen.

Positive margins, elevated alkaline phosphatase levels, tumor volume ≥200mL and poor 
response to chemotherapy have shown to negatively influence oncologic outcomes of osteosar-
coma.35,36 Pradhan et al. and Daecke et al. both evaluated the oncological outcomes of distal 
upper extremity osteosarcoma and reported a 5-year survival of 67-86% and recurrence rate of 
36% within five years.30,32

Soft Tissue Sarcoma

Soft tissue sarcoma often present to an oncologic center as an unplanned excision because they 
appear benign, as was seen in 78% of soft tissue sarcomas in this study.37 Nonetheless, aware-
ness of malignant features such as size >3cm, pain, rapid growth, subfascial location can optimize 
patient care by referral to a tertiary oncology center.38–40 Basic, diagnostic work-up includes con-
ventional radiographs, computer tomography of the chest and MRI, where the latter is essential 
for surgical planning.41 FDG-PET helps assess the tumor aggressiveness, lymph node metastasis or 
dedifferentiation of benign neurofibromas to MPNST.42

Limb-salvage surgery is the primary treatment choice of all STS of the hand, but amputation 
may be opted in the setting of previous unplanned excisions, cases in which limb salvage is not 
feasible or in clinical situations were limb salvage would result in a less functional outcome than 
a partial amputation. Patients that undergo radiotherapy or double ray amputations generally 
obtain inferior functional outcomes.43 Preoperative radiotherapy is indicated in the presence of 
tumors larger than 5 cm or tumors larger than 2 cm located close to neurovascular structures for 
which resection is planned without sacrificing these. Postoperative radiation is used in patients 
with post-operative positive margins.41 Adjuvant chemotherapy (doxorubicin combined with 
ifosfamide) minimally reduces recurrences and minimally improves overall survival in STS.44 Its 
use is more relevant in grade 3 tumors, deep and larger than 10 cm, synovial sarcoma in young 
patients or in a palliative setting in patients with diffuse metastatic disease.45

In the past decades treatment outcomes of extremity sarcoma have improved, probably 
due the use of neo- or adjuvant radiotherapy along with the availability and quality of advanced 
imaging.46 Buecker et al. reported that sarcoma of the hand have slightly improved survival 
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compared to other locations (94% vs. 87%), without correcting for tumor size.7 On the contrary, 
Brien et al. reported worse survival of sarcoma of the hand compared to sarcoma in the extremity 
correcting for size (93% vs. 69%).8 This may be caused by patient delay because the severity of 
the tumor is underestimated and local or systemic symptoms are rare. A more recent and larger 
study comparing 205 distal extremity sarcoma with 3001 sarcomas of other locations reported 
a higher incidence of epithelioid sarcoma, clear cell sarcoma and synovial sarcoma along with 
fewer grade 1 tumors in the distal extremity and that these patients were younger.5 They did not 
identify a difference in overall survival, but did find that distal extremity sarcoma were smaller 
and underwent more amputations.

Subfascial tumors, positive final surgical margins and higher grade tumors negatively influ-
ence DFS in sarcoma of the hand.37,47 We previously reported that hand sarcoma treated primarily 
at an tertiary oncology center had inferior overall survival, this is probably because these tumors 
were larger in size at presentation leading to direct referral.37 In a different study of 53 STS of 

Table 6: Overview previous studies on epithelioid-, synovial- and clear cell sarcoma of the hand

n
(tumors)

Surgery Margins Other
treatment

Local
recurrence

Metastasis 5-year
survival

FU
(yrs)

Epithelioid 
sarcoma

Pradhan (2008) 
47

11 - - - 48% - 100% 4.2

(5 yr risk)

Herr et al. 
(2005)56

28 Hand amp: 21 Positive: 
15**

Radiotherapy: 6 3,60% 32% 85% 10

Forearm amp: 3 Chemotherapy: 
2

Wide ex: 3

Synovial 
sarcoma

Outani et al. 
(2014) 73

5*** Excision: 3 Positive: 2 Radiotherapy: 4 60% 20% 80% 7.4

Amp: 1 Chemotherapy: 
4

Pradhan et al. 
(2008) 47

10 - - - 43% - 84% 4.2

(5 yr risk)

Michal et al. 
(2006)88

13 Excision or 
amputation

- unclear 25%**** 0 100% 14.7

Clear cell 
sarcoma

Pradhan et al. 
(2008) 47

11 - - - 60% 55% 62% 4.2

(5 yr risk)

Deenik et al. 
(1999)97

6 Res: 3 Positive: 3 Radiotherapy: 1 60% 80%***** - -

Amp: 3

** Positive margins p=0.06 with survival: *** One patient with metastatic disease had no surgery 
**** 5 patients lost to follow up; ***** 1 patient with metastasis at presentation
IC= intralesional curettage; Ex= excision; Res= resection; Amp=amputation; FU= follow up
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the hand treated by surgical resection, combined with radiotherapy in 45% of the patients, the 
recurrence rate was 6%, the metastatic rate was 7.5% and only one patient deceased.43

Soft tissue sarcoma metastasis to the lymph nodes in adults is uncommon (0.9-3.7%), but 
do occur in small cell sarcoma (19%), clear cell sarcoma (11-37%), epithelioid sarcoma (13-30%), 
and angiosarcoma (14-20%) and synovial sarcoma (3.3%).48–52 The presence of lymph node me-
tastasis negatively influences survival in non-metastatic disease without influencing local recur-
rence.48,49,51 It is recommended to perform radical lymph node dissection in patients with lymph 
node metastasis, in combination with radiation or chemotherapy based on a patient-to-patient 
basis.49,52,53 Sentinel node biopsy is only indicated in patients that have clinical or radiologic signs 
of metastasis, but its benefit on overall survival is controversial as many sentinel node biopsies 
are false-negative.54,55

Epithelioid	Sarcoma
Epithelioid sarcoma is the most common STS of the hand (21% of hand sarcoma and 0.6% of all 
sarcoma) and are often small (<1cm) and painless.43,56 They are more common in males, and we 
found a 1:2.2 female-to-male ratio.56–62 Herr et al. reported females to be younger than males at 
presentation.56 Inferior survival has been reported in males by some63, but not by others58,64, and 
has been suggested when they occur in the hand56. Data from our institution failed to confirm 
worse survival depending on sex or location in the hand. It is not uncommon for these tumors to 
present with metastasis, as it was seen in three of 16 patients (19%) in this cohort.49,58

Epithelioid sarcoma have and unpredictive course with recurrences reported after 10 years 
disease-free period.58,65,66 Surgical treatment, in the form of excision or amputation, should aim 
to achieve negative margins, as in 12 of 13 patients we report on, as this reduces the rate of 
recurrence and metastasis.65 Chemotherapy, plays a role in the presence of metastasis67 and ra-
diotherapy may benefit patients with positive margins.58 Recent studies reported better oncologic 
outcomes in localized disease, appendicular tumors and tumors <5cm.59,60,62,68–70

Epithelioid sarcomas have lymphogenic spread, metastasizing along the tendon sheath.65,71,72 
Pathology reports were accessible in four of five patients that had sentinel lymph node biopsy 
and were negative in all cases. The patient with increased FDG uptake during PET did not have 
lymph node metastasis. Sentinel node biopsy should be considered based on clinical or radiologic 
signs. The two patients that had lymph node dissection after developing axillary lymph node 
metastases, were disease-free at 6.8 years and 18.5 years.

In this series, no patient deceased with non-metastatic disease at presentation. This rate may 
have been lower because only one patient had positive margins and 69% (9 of 13) had undergone 
amputation. These results are similar to the largest study to-date, evaluating outcomes in 28 
epithelioid sarcoma of the hand, where only one patient had a local recurrence (3.6%) and nine 
(32%) developed metastasis along with a 5-year survival of 85% (Table 6).56 They suggested that 
lesions <2.5cm do better and that positive final margins have inferior 5-year survival (65% vs. 
83%).
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Synovial	Sarcoma
Synovial sarcomas are slow growing mesenchymal spindle cell tumors that are more common in 
the distal extremity and in males. Of the synovial sarcoma,  4% are found in the hand, and account 
for 0.4% of the extremity sarcoma.73,74 Patients are mostly in their third and fourth decade.75 
Ninety percent of these tumors have a t(X;18)(p11.2;q11.2) chromosomal translocation which is 
useful to diagnose these tumors.76

Negative margin surgery (with or without radiotherapy) should be aimed for75,77,78 and 
chemotherapy in the form of a ifosfamide based drug regimen combined with doxorubicin or epi-
rubicin may be indicated in young patients and large tumors (>5 cm) or in a palliative setting.77,79–81 
However, its effect on event-free survival remains controversial82–84, and novel systemic treatment 
modalities need to be evaluated.85,86 The role for a sentinel node biopsy may be promising but has 
yet to be evaluated.87

Outani et al. reported on five synovial sarcoma of the hand that were treated surgically, and 
four patients received combined radiotherapy. Two recurrences (40%) and one metastasis (20%) 
occurred, resulting in a 5-year survival of 80%.73 Michal et al. reported on 13 synovial sarcoma 
of the hand <1cm . One of the five (20%) patients with follow-up had recurrence, but no patient 
developed metastasis.88

Studies evaluating larger cohorts of synovial sarcoma throughout the body have reported 
that small-, superficial- and (upper-) extremity tumors have favorable prognosis75,77,89, whereas 
monophasic tumors, grade 3 tumors, older age, positive margins, and bone invasion are related 
to poorer oncologic outcomes.77,78,84,90,91 An additional interesting finding was higher recurrence 
rates in SSX2 fusion type synovial sarcoma.77 However, this association has not been found to be 
significant in terms of prognosis by other groups.

Clear	Cell	Sarcoma
Clear cell sarcoma, is the third sarcoma which is more common in the hand involving tendons, 
aponeuroses and fascial structures.92,93 Clear cell sarcoma account for roughly <1% of the soft 
tissue sarcoma, and patients are mostly 20-50 years of age, without gender predicliction.93,94 A 
chromosomal translocation, t(12; 22) (q13; q12), forming a EWSR1/ATF1 fusion gene is present in 
90% of clear cell sarcomas and is useful to differentiate these tumors from malignant melanoma.92

Clear cell sarcoma are not chemosensitive, and wide excision with negative margins, some-
times in combination with radiotherapy is advised.94 Systemic treatments that may impact care 
in the future include tyrosine kinase inhibitors, MET inhibitors, histone deactylase inhibitors, 
interferon-α 2b, anti-CTLA-4 antibody and immune checkpoint modulators, but these are still 
under clinical investigation.92 Recurrences (21-76%) and metastases (43-69%) are common, with 
average overall 5-year survival rates of 59%.94–97 A similar 5-year survival rate of 62% for the hand 
has been reported.47 Tumor size, truncal location and metastatic disease negatively influence 
prognosis.93,96,98 Inferior oncologic outcomes compared to epithelioid- and synovial sarcoma 
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have been reported.47 In our series the recurrence rate was 33%, compared to 15% in epithelioid 
sarcoma and 10% in synovial sarcoma, however the overall survival was not inferior.

Conclusion

In conclusion, when faced with a malignancy of the hand, appropriate staging and treatment is 
necessary to optimize surgical treatment and oncologic outcomes. Chondrosarcomas were the 
most common primary malignancy of the hand, followed by epithelioid sarcoma. Negative margin 
surgical resection for STS is essential and patient care should be performed in a multidisciplinary 
setting as evidence on adjuvant treatments is controversial. Because of unpredictable behavior of 
many STS, long-term follow-up is recommended.
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APPENDIx 1

170.4: Malignant neoplasm of scapula and long bones of upper limb
170.5: Malignant neoplasm of short bones of upper limb
170.9: Malignant neoplasm of bone and articular cartilage, site unspecified
239.2: Neoplasm of unspecified nature of bone, soft tissue, and skin
198.5: Secondary malignant neoplasm of bone and bone marrow
239.9: Neoplasm of unspecified nature, site unspecified
203.0: Multiple myeloma
202.8: Other malignant lymphomas
171.2:  Malignant neoplasm of connective and other soft tissue of upper limb, including shoulder
171.8: Malignant neoplasm of other specified sites of connective and other soft tissue
171.9: Malignant neoplasm of connective and other soft tissue, site unspecified
176.1: Kaposi’s sarcoma, soft tissue
176.8: Kaposi’s sarcoma, other specified sites
176.9: Kaposi’s sarcoma, unspecified site
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ABSTRACT

Background: Soft tissue sarcoma (STS) of the hand are prone to unplanned excisions, altering 
oncologic outcomes. The aim of this study is to compare STS of the hand with initial treatment 
at an oncology center versus those initially treated at a non-oncology center. Additionally, we 
evaluated what factors were associated with oncologic outcomes.

Methods: We retrospectively identified patients with a STS of the hand using ICD-9 codes along 
with an institutional oncologic database. We included all adult patients with a non-metastatic STS 
of the hand (n=64) with a median follow up of 4.0 years (IQR:1.7-10.0).

Results: Eighty-three percent (n=53) of tumors had an unplanned excision, of which one was 
treated at the oncology center. Patients treated primarily at an oncology center were older 
(57.6 vs. 43.6 years), had fewer operations and tended to have larger tumors (median 4.7 cm 
vs. 3.0 cm) compared to those initially treated at a non-oncology center. The 5-year survival for 
patients treated at an oncology center was 60% compared to 89% in those initially treated at a 
non-oncology center. Worse disease-free survival was associated with positive final margins and 
subfascial tumors.

Conclusion: Tumors with primary treatment at an oncology center were larger and presented in 
older patients, having worse overall survival compared to those initially treated at a non-oncology 
center. Initial treatment at a non-oncology center did not influence the oncologic outcomes, but 
caused more re-excisions and amputations. Final tumor margins and tumor depth determined 
oncologic outcomes.
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INTRODUCTION

Soft tissue sarcomas (STS) occur in 2.2 per 1,000,000 persons per year1, 2-9%2,3 of which occur 
in the hand. There are current clinical recommendations stating that STS should be treated in a 
multidisciplinary fashion in a cancer center; however, because problems of recognition due their 
low prevalence and incidence, hand sarcomas may be excised without oncologic workup, and 
frequently these surgeries are an “unplanned excision” (UE).4–10

Unplanned excisions at non-specialized oncology centers (non-oncology center) have been 
reported in up to 18-75% (average: 43%) of soft tissue sarcomas.2,5,19–26,11–18 Following an UE with 
positive or ambiguous margins, a re-excision to achieve negative margins is advised. However, 
re-excision can be challenging in the hand because of the effect of larger resections on hand 
function.5,13,27,15–21,24 Various studies have documented better15, worse11,12,16,28 and similar2,5,22,24 
oncologic outcomes in the setting of an unplanned excision versus a planned excision. It is unclear 
whether soft tissue sarcomas of the hand are different than STS in other anatomic locations3,29–31. 
Due to these potential differences in tumor biology, it is unclear whether principles of STS man-
agement apply to the hand.

The primary aim of this study was to compare patients with a soft tissue sarcoma of the hand 
with initial treatment at an oncology center to those initially treated at a non-oncology center and 
subsequently referred to our center. Additional aims were to evaluate the factors associated with 
tumor recurrence, metastasis, disease-free survival and overall survival in these patients.

MATERIALS AND METHODS

After Institutional Board approval, we used International Classification of Diseases 9th Revision 
codes for tumors of the upper extremity: “170.4”, “170.5”, “170.9”, “239.2”, “198.5”, “239.9”, 
“203.0”, “202.8”, “171.2”, “171.8”, “171.9”, “176.1”, “176.8” and “176.9” to identify patients 
with an upper extremity tumor (n=15,278) from 1992 to 2015. To identify patients with a hand 
tumor, we performed a text search in the pathology reports matching “hand” and “finger” along 
with common misspellings and synonyms using STATA 13.0 (StataCorp LP, College Station, Texas, 
USA) (n=3267). Additionally, we identified patients using an orthopaedic oncology registry that 
predates the institutional database, to identify patients treated from 1971-1992.32 We included 
all adult patients (18 years of age and older) with a non-metastatic soft tissue sarcoma (STS) of 
the hand that was histologically confirmed (n=95) (Figure 1). We excluded patients that were 
only seen for consultation (n=20), had initial adequate oncologic treatment at an outside hospital 
(n=4) or rejected standard surgical treatment (n=1). Six patients were excluded because of insuf-
ficient data in the charts (Figure 1). At total of 64 patients with a STS of the hand were included 
in the analyses.
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To collect informati on on pati ent characteristi cs, tumor characteristi cs, tumor treatment and 
oncologic outcomes we performed a manual chart review. Tumor size was retrieved from the 
medical charts, pathology reports or radiology reports and was retrievable in 39 of the tumors 
(61%). Defi nite histologic diagnosis and tumor grade was determined by musculoskeletal patholo-
gists, tumor grade was reported for 59 of the 64 (92%). Radiologic imaging or operati ve reports 
were used to identi fy the tumor depth, either subcutaneous (suprafascial) or subfascial, and was 
retrievable in 57 of the 64 tumors (89%). Final histological margins were described in 61 of 64 
pati ents (95%). Data was only missing for tumors treated initi ally at a non-oncology center.

Based on a combinati on of histologic grade and histologic diagnosis, we grouped tumors into 
low grade (7 acral myxoinfl ammatory fi broblasti c sarcoma; 2 low grade fi brosarcoma; 1 angioma-
toid fi brous histi ocytoma; 1 dermatofi brosarcoma protuberans; 1 low grade epithelioid malignant 
schwannoma; 1 granular cell sarcoma; 1 low grade malignant solitary fi brous tumor; 1 low grade 
malignant peripheral nerve sheath tumor; 1 low grade spindle cell sarcoma) and high grade (13 
epithelioid sarcoma; 10 synovial sarcoma; 6 clear cell carcinoma; 6 undiff erenti ated pleomorphic 
sarcoma; 4 high grade fi brosarcoma; 3 leiomyosarcoma; 1 high grade myxoinfl ammatory sarcoma; 
1 high grade malignant peripheral nerve sheath tumor; 1 malignant tenosynovial giant cell tumor).

An unplanned excision was defi ned as surgery that was performed without following onco-
logic principles of treatment. Disease-free survival was the ti me from treatment at the oncology 

Figure 1: Flow-chart of pati ents included with a soft  ti ssue sarcoma of the hand
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center to the time of local tumor recurrence or distant metastasis. We considered patients to be 
deceased by the underlying tumor if patients had been reported deceased in the presence of 
a metastasis at final follow up or if no other cause of death was reported. Overall survival was 
determined as the time from treatment at the oncology center to time of death due to the tumor 
or last available follow-up.

Statistical analysis

Continuous variables were presented as median and interquartile range (IQR) and categorical 
variables were presented as count and proportion. To compare the differences in patient age, 
tumor location, tumor size, tumor depth, tumor grade, unplanned excision, final margin status, 
number of operations, radiotherapy, recurrence, soft tissue reconstruction and level of amputa-
tion of tumors treated at a non-oncology hospital or an oncology center, we used the Mann-
Whitney U test or Fisher’s Exact test. A correlation between age and tumor size was determined 
using a Spearman’s rank correlation coefficient.

To evaluate the factors associated with local recurrence, metastasis, disease free survival 
and overall survival, we used a Cox’s proportional hazards model. To address the missing data on 
tumor size, tumor grade, tumor depth and final histologic margin in patients initially treated at 
a non-oncology center we performed a multiple imputation using chained equations, assuming 
the data were missing at random.33,34 We imputed 100 values per missing data-point and used 
predictive mean matching to impute tumor size; logistic regression to impute tumor depth and 
final histologic margin and ordered logistic regression to impute values for tumor grade. We used 
multiple imputation estimates to calculate hazard ratios, 95% confidence intervals, standard er-
rors and p-values for these explanatory variables by simulating the models 1000 times.

To mitigate confounding effect all variables with a p<0.10 in bivariate analysis along with 
final margin status, tumor depth, tumor size and histologic grade were entered in a multivariable 
Cox survival regression model. All statistics tests were performed using STATA 13.0 (StataCorp LP, 
College Station, Texas, USA).

RESULTS:

Study Population

We included 64 patients with a STS of the hand with a median age of 46.1 years (IQR: 33.4-60.6) 
and a median follow up of 4.0 years (IQR: 1.7-10.0) (Table 1). Tumors were located at the level 
of the metacarpals in 41 of the patients (64%), followed by the phalanges in 18 (28%) and carpal 
extension in five (7.8%). Pain or tenderness was reported by 13 patients (33%), five patients (13%) 
reported paresthesias or dysesthesias and only one patient (2.5%) had night pain. The median 
tumor size was 3.0 cm (IQR: 1.6-5.0) and they were mostly subcutaneous (suprafascial) (n=41, 
73%). The most common tumors were epithelioid sarcoma (n=13, 20%), synovial sarcoma (n=10, 
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16%), undifferentiated pleomorphic sarcoma (n=8, 13%), myxoinflammatory sarcoma (n=8, 13%) 
and fibrosarcoma (n=7, 11%).

Table 1: Patient demographics

Characteristic

Age, median (IQR) 46.1 (33.4-60.6)

Location, n(%)

Phalangeal 18 (28)

Metacarpal 41 (64)

Carpal extension 5 (7.8)

Symptoms, n(%)*

Tenderness/pain 13 (33)

Increasing mass 10 (25)

No pain or constitutional symptoms 6 (15)

Paresthesia/dysesthesia 5 (13)

Ulceration 3 (7.5)

Other 2 (5.0)

Night pain 1 (2.5)

Histologic grade, n(%)**

1 16 (27)

2 20 (34)

3 23 (39)

Size, cm, median (IQR)*** 3.0 (1.6-5.0)

Tumor histology, n(%)

Epithelioid sarcoma 13 (20)

Synovial sarcoma 10 (16)

Undifferentiated pleomorphic sarcoma 8 (13)

Myxoinflammatory sarcoma 8 (13)

Fibrosarcoma 7 (11)

Clear cell sarcoma 6 (9.4)

Leiomyosarcoma 3 (4.7)

MPNST 2 (3.1)

Dermatofibrosarcoma protuberans 1 (1.6)

Angiomatoid fibrous histiocytoma 1 (1.6)

Epithelioid malignant schwannoma 1 (1.6)

Granular cell sarcoma 1 (1.6)

Liposarcoma 1 (1.6)

Malignant solitary fibrous tumor 1 (1.6)

Malignant synovial GCT 1 (1.6)

Spindle cell sarcoma 1 (1.6)

* missing in 24 patients 
**missing in 5 patients
***missing in 25 patients
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Treatment location

Of the hand STS, 81% (n=52) were primarily treated at a non-oncology center of which all were 
unplanned excisions. One patient with a low grade fibrosarcoma had an unplanned excision at the 
oncology center that was followed by tumor bed excision and brachytherapy. One patient had an 
amputation at the level of the PIP joint at a non-oncology center and a subsequent metacarpal 
amputation at the oncology center. The remainder of the patients underwent non-oncological 
excisions (n=44), or other non-oncologic treatments including: incision (n=3), synovectomy (n=2), 
exploration (n=1) or shave biopsy (n=1). Six patients had aspiration of the tumor prior to excision be-
cause a ganglion cyst was suspected. The median time to referral was 3.2 months (range: 0.6-13.5).

Of the patients with an unplanned excision at a non-oncology center, initial margins were 
positive in 40 of the 41 (98%) patients where this information was available. Six patients that 
had an UE had a positive final margin after final treatment at the oncology center. Of these six 
patients, two underwent amputation (one in combination with radiotherapy), two patients re-
ceived adjuvant radiotherapy (one in combination with chemotherapy), one patient rejected any 
further treatment and for one patient it was unknown. Three (25%) of the patients treated at the 
oncology center had positive margins, two after an excision and one after amputation. The two 
tumors that were excised received adjuvant radiotherapy and the other patient received adjuvant 
chemotherapy after amputation.

After referral to the oncology center, 31 patients (60%) underwent re-excision, 20 patients 
underwent subsequent amputation (39%) and one patient with a low-grade liposarcoma was 
monitored without further treatment. Of the patients that underwent re-excision, residual tumor 
was histologically confirmed in 26 patients (51%).

Patients treated at an oncology center were older than those initially treated at a non-
oncology center, 57.6 years (IQR: 46.6-72.5) versus 43.6 years (32.9-57.2), p= 0.044 (Table 2). 
Additionally, larger tumors appeared to be treated initially at the oncology center compared to 
those primarily treated at a non-oncology center without statistical significance; 4.7 cm (IQR:1.9-
5.5) versus 3.0 cm (1.5-4.0) p=0.069). There was a positive correlation between patient age and 
tumor size (rho=0.43, p=0.0061). Tumors that were referred to the oncology center had a larger 
number of surgeries in comparison to those treated initially at an oncology center (p=0.001). It 
was observed that there were more phalangeal and single ray amputations in patients that had 
initial treatment at a non-oncology center without statistical significance, when excluding tumors 
with carpal extension (Figure 2). There was no difference in radiotherapeutic or chemotherapeu-
tic treatment in either group of patients.

Oncologic outcome

Recurrence
The overall recurrence rate was 13% (n=8) and occurred in epithelioid sarcoma (n=2), fibrosar-
coma (n=2), clear soft tissue part cell sarcoma (n=2), synovial sarcoma (n=1) and undifferentiated 
pleomorphic sarcoma (n=1) at a median of 1.1 years (IQR: 0.32-2.4).
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Metastasis
Metastasis were confirmed in 15 patients at a median of 1.4 years (IQR: 0.45-3.0) and were seen 
in synovial sarcoma (n=4), epithelioid sarcoma (n=2), clear cell sarcoma of soft tissue (n=2), undif-
ferentiated pleomorphic sarcoma (n=2), spindle cell sarcoma (n=1), malignant solitary fibrous 
tumor (n=1), high grade fibrosarcoma (n=1), malignant peripheral nerve sheath tumor (n=1) and 
leiomyosarcoma (n=1). Metastasis occurred to the lungs (n=8), the axillary lymph nodes (n=4), 
the forearm and chest (n=1), the epitrochlear lymph nodes (n=1), and the upper arm (n=1). Posi-
tive final margin was independently associated with the development of metastasis (HR: 5.4, 95% 
CI: 1.3-22.5, p=0.022) (Table 3 & Figure 2).

Table 2: Comparison of tumors treated at different centers

Initial treatment P-value

Oncology center Referring center

(n=12) (n=52)

Age, median (IQR) 57.6 (46.6-72.5) 43.6 (32.9-57.2) 0.044*

Location, n(%) 0.21**

Phalangeal 1 (8.3) 17 (33)

Metacarpal 10 (83) 31 (60)

Carpal extension 1 (8.3) 4 (7.7)

Tumor Size, cm, median (IQR) a 4.7 (1.9-5.5) 3 (1.5-4.0) 0.069***

Depth, n(%) b 0.46**

Subcutaneous 7 (64) 34 (76)

Subfascial 4 (36) 11 (24)

Histologic grade, n(%) c 0.85**

1 3 (25) 13 (28)

2 5 (42) 15 (32)

3 4 (33) 19 (40)

Tumor grade, n(%) >0.99**

Low-grade 3 (25) 13 (27)

High-grade 9 (75) 36 (74)

Unplanned excision, n(%) 1 (8.3) 52 (100) <0.001**

Final margin, n(%) d

Positive 2 (18) 6 (12) 0.63**

Negative 9 (82) 43 (88)

Number of operations, n(%) <0.001**

1  9 (75) 2 (3.9)

2 3 (25) 42 (81)

3 0 8 (15)

Soft tissue reconstruction, n(%) 4 (33) 15 (29) 0.74**

Radiotherapy, n(%) 8 (67) 30 (58) 0.75**

Chemotherapy, n(%) 1 (8.3) 3 (5.8) 0.57**

* Using Mann-Whitney U test, ** Using Fisher’s Exact test, *** Using Student’s t-test
a missing in 25 patients, b missing in 7 patients, c missing in 5 patients, d missing in 3 patients
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Disease-free	survival
Overall 19 patients had recurrence of disease either locally or as a metastasis. The 1-year, 5-year 
and 10-year disease-free survival was 85%, 69% and 66% respectively. In multivariable Cox’s 
regression, a positive margin (HR: 3.9, 95% CI: 1.0-14.8, p=0.048) was independently associated 
with worse disease-free survival (Figure 2).

Overall	survival
During the time-frame of this study eight patients had deceased due to the STS. These patients 
had a synovial sarcoma (n=2), fibrosarcoma (n=1), undifferentiated pleomorphic sarcoma (n=1), 
malignant peripheral nerve sheath tumor (n=1), spindle cell sarcoma (n=1) or malignant solitary 
fibrous tumor (n=1). The 1-year survival was 100% and the 5- and 10-year survival were both 83%.

Patients treated initially at an oncology center had worse overall survival, 60% 5-years sur-
vival, compared to patients treated initially at non-oncology center, 89% 5-year survival (p=0.021) 
(Table 4 & Figure 2). However, there was no association when multivariable Cox regression was 
performed with corrections for tumor size (HR: 1.5, 95% CI: 0.96-2.4, p=0.078).

Table 4: Cox regression for oncologic outcomes oncology center vs. non-oncology center

HR (SE) 95% CI p-value

Recurrence 0.62 (0.51) [0.12, 3,1] 0.56

Metastasis 0.43 (0.24) [0.15, 1.3] 0.13

Disease free survival 0.44 (0.22) [0.17, 1.2] 0.10

Overall survival 0.20 (0.14) [0.05, 0.78] 0.021

Multivariable Cox regression for overall survival

Overall survival

Treatment non-oncology center 0.50 (0.42) [0.096, 2.6] 0.40

Tumor size 1.5 (0.35) [0.96, 2.4] 0.078

Figure 2: Final amputation status in patients treated initially at a non-oncology center or oncology center (A) 
all locations (B) excluding tumors extending to the carpalia
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DISCUSSION

Sixty-four soft  ti ssue sarcomas of the hand that were treated at our insti tuti on were retrospec-
ti vely identi fi ed. Of these tumors 81% underwent initi al surgery, mostly unplanned excisions, at a 
non-oncology center. When comparing tumors that were initi ally treated at an oncology center to 
those initi ally treated at a non-oncology center we noted that (1) pati ents were older in the oncol-
ogy center group (2) tumors tended to be larger in the oncology center group and (3) pati ents had 
worse survival if treated initi ally at an oncology center. Other oncologic outcomes were similar 
amongst both groups; however, this was at the cost of more operati ons and phalangeal amputa-
ti ons in pati ents that were treated initi ally at a non-oncology center. Positi ve margins showed an 
associati on, and subfascial tumors presented a higher risk for metastasis.

The results of this study need to be interpreted in the lights of its strengths and limitati ons. 
First, the retrospecti ve nature and the ti me-span over which pati ents were identi fi ed increases 
loss to follow-up. Nonetheless, due to the nature of our insti tuti on pati ents with a musculoskel-
etal malignancy rarely seek treatment elsewhere. In additi on, to att ain signifi cant numbers in this 
type of rare conditi ons, a long study period is necessary. Second, there may be referral bias, which 
can be seen in the diff erence in tumor size and age of the pati ents treated initi ally at both centers. 
This referral patt ern has also been reported in other high-volume centers.5,15,35 Third, no standard-
ized treatment protocol was used in pati ents, besides that all pati ents with an unplanned excision 
were advised to undergo re-excision, in all but one: a low grade liposarcoma that was monitored. 
Additi onally, there was substanti al missing data of the tumor sizes due to many unplanned exci-
sions at non-oncology centers, but we aimed to address this by using multi ple imputati on by 
chained equati ons. This allows values to be imputed based on the missing variables distributi on. 
Lastly, the tumor histology varied in the pati ents treated initi ally at an oncology center and non-
oncology center. To account for this, we grouped the tumors into high and low grade and found 
this to be comparable in both groups.

Most of the STS in the hand (81%) had an unplanned excision prior to presenti ng at our 
oncology center. Referral to a specialized oncology center has been recommended for soft  ti ssue 
masses that are >5cm (or >3cm in the hand as some have suggested), subfascial, cause pain, or 
are rapidly growing.36–39 The high rate of UEs is probably due a lower suspicion for a malignancy 

Figure 3: Kaplan-Meier survival esti mate for (A) metastasis depending on fi nal margin status (B) disease-free 
survival depending on fi nal margin status (C) overall survival
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because 72% of the tumors were smaller than 5 cm. This is similar to the 75% reported by Pu-
haindran et al. in their series of 53 hand sarcoma.26 As previously reported, we found that tumors 
treated at a non-oncology center were smaller and patients were younger than those treated 
at an oncology center.5,14,15,18–20,22,24 It has been accepted that treatment at a non-specialized 
oncology center leads to wider resections, altered treatments due to inadequate biopsies along 
with more histologic misdiagnosis, emphasizing the importance of multidisciplinary oncologic 
treatment at a specialized center.6

In this study, we identified that overall survival was worse in patients that were treated 
initially at the oncology center. These findings are likely a reflection of a larger tumor size in that 
population, which has been shown to decrease survival.2,5,11 Lewis et al. described similar findings 
in 1,092 STS of all locations.15 They attributed this to two things (1) lower threshold to refer larger 
and aggressive tumors and (2) that re-excisions are often more radical, potentially excising tumor 
cells extending outside of the pseudocapsule. Specifically for sarcoma of the hand, Pradhan et al. 
did not identify that previous treatment influenced overall survival in 63 sarcoma of the hand.2 
These findings are supported by two large studies on STS of all anatomic locations.524 On the other 
hand, other studies have reported worse oncologic outcomes after unplanned excision, especially 
in high-grade or larger tumors.11,14,17,22 This may be explained by incomplete excision of residual 
disease after unplanned excisions. The absence of this finding in the hand may be because re-
excision in the form of an amputation substantially increases radicality. In a larger study, it is 
possible that subfascial tumors (HR: 2.6, 95% CI: 0.92-7.3, p=0.073) and high-grade tumors (HR: 
2.0, 95% CI: 0.86-4.5, p=0.11) may have an association with disease-free survival. The same may 
be true for higher histologic grade and recurrence (HR: 3.2, 95% CI: 0.81-12.9, p=0.095) and the 
development of metastasis in subfascial tumors (HR: 2.7, 95% CI: 0.84-8.5, p=0.096).

Residual disease was present in 51% of the patients after unplanned excision. To ascertain 
the absence of residual disease re-excision is recommended within 12 weeks.5,16 However, due to 
lacking diagnostic work-up, sub-optimal surgical approaches, distant contamination and unclear 
resection margins, planning of the re-excision is challenging.17,22 Additionally, intra-operative scar 
tissue and the absence of anatomic boundaries make it difficult to identify adequate resection 
margins for negative margins.7,11,22 This is especially troublesome in the hand because of the close 
vicinity of vital structures. It is also notable that there was a higher rate of phalangeal amputations 
after treatment at a non-oncology center. Limb sparing surgery is uncommon in hand sarcoma 
treatment because of the need for early rehabilitation to restore hand function, and multiple 
surgeries increase problems with stiffness and loss of hand function.

As was also seen in this study, unplanned excisions lead to more surgeries to achieve same 
oncologic outcomes. The delayed referral at a median of 3.2 months, may also have a negative 
impact on outcomes. It is unclear whether delayed presentations have a relationship to triage or 
referral center capacity. It is possible that in non-oncology center treatment, an unplanned exci-
sion was curative in some cases, and late re-excision improved survival of patients with residual 
disease. Unplanned excision increases the need for post-operative radiotherapy, which has been 



61

Soft Tissue Sarcoma of the Hand: Is Unplanned Excision a Problem?

shown to decrease hand function.5,12,26 Additionally, due to the extent of re-excisions, soft tissue 
coverage is often necessary, this was not the case in our series.5,12,16,18,19 Lastly, healthcare costs 
increase due to additional surgeries, especially because re-excisions are often more expensive 
than primary excision.40

The recurrence rate of hand sarcoma is 6-32%2,25,26,41 and is associated with positive surgical 
margin2 and limb sparing/salvage surgery42. In this series, recurrences appeared more often in 
tumors of higher grade, which has been described for sarcoma of other parts.16,23,43 Twenty-three 
percent of the patients developed metastasis and this was associated with positive margins and 
was more common in high grade tumors, similar to earlier reports.2,41 Our findings suggest that 
surgical radicality and tumor biology are the main drivers of oncologic outcomes, and that re-
excisions can ameliorate the negative effect of an unplanned excision. Nonetheless, it may well 
be that oncologic outcomes of STS treated initially at a non-oncology center could have been 
superior if initial treatment was at an oncology center.

CONCLUSION

Due to the referral bias of larger and more aggressive tumors to an oncology center these patients 
had worse overall survival. Initial treatment at a non-oncology center had similar oncologic out-
comes as those treated at an oncology center at the cost of more surgeries, especially amputa-
tions, highlighting the challenge of disease control after unplanned excision. Oncologic outcomes 
are determined by the nature of the surgical margin (appropriate oncologic treatment), tumor 
grade, and tumor depth in STS of the hand. The question regarding “When to refer a mass of the 
hand to an oncology center?” remains unanswered but our recommendation would be when the 
tumor is larger than 3 cm, or the comprehensive care is not available at the treating institution. At 
least patients should be given the option to decide or opt for a tertiary care center.
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ABSTRACT

Background: To describe the rate and predictors of pathologic fractures in benign neoplasms of 
the finger, as variables from prediction models for pathologic fractures of the long bones of the 
extremities are not necessarily applicable to the bones of the hand.

Methods: In this retrospective chart review, 69 histologically confirmed neoplasms affecting the 
bones of the fingers, 49 phalanges and 20 metacarpals, were identified in patients presenting at 
2 urban hospitals over a 24-year period. Different variables were studied as possible predictors 
of pathologic fractures.

Results: Forty-nine percent of the tumors presented as a pathologic fracture. The small finger was 
independently associated with pathologic fractures compared to the other fingers. Tumors of the 
metacarpal bones were the least likely to fracture compared to other bones.

Conclusions: Almost half of neoplasms affecting the bones of the fingers presented initially with 
a pathologic fracture, most commonly the small finger. Therefore, a lower threshold for surgical 
treatment of a bone neoplasm affecting the small finger may be reasonable.
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INTRODUCTION

Enchondromas are the most common primary benign tumor of bone in the hand.1,2 Of these, 
approximately 50% occur in the proximal phalanx, followed by the metacarpals and middle pha-
lanx.3 Theoretically, pathologic fractures should be more common in the phalanx but a substantial 
number of patients presents with a pathologic fracture of the metacarpal.

Pathologic fractures in the hand due to primary bone tumors, benign or malignant, pose a 
challenge in terms of treatment. One can opt for either waiting for fracture healing before treat-
ment of the lesion with curettage and grafting or immediate fixation while addressing the lesion.

Establishing what patients are at risk of fracturing is challenging because most prediction 
models are based on studies of long bones.4 These models often use pain, tumor size and location 
as predictors for pathologic fractures; however, it is unclear how applicable these models are for 
bone tumors of the hand.5

Our aim is to report the rate of pathologic fractures among patients with primary bony 
tumors of the metacarpals and phalanges, and to study the potential predictors of pathologic 
fracture occurrence in this clinical setting.

MATERIALS AND METHODS

This study was performed under approval from our institutional review board (IRB). A waiver of 
informed consent was granted for this retrospective study.

Subjects

We used International Classification of Diseases 9th edition (ICD-9) codes (213.5- “Benign skeletal 
tumor of wrist, hand, and fingers” and 170.5- “Malignant skeletal neoplasm of wrist, hand, or fin-
gers”) to identify potential metacarpal and phalangeal bone tumors treated at two urban tertiary 
care centers between 1992 and 2015. Using statistical software, we included all patients with one 
of the following words in the pathology reports: ‘benign’, ‘malignant’, ‘tumor’, ‘enchondroma’, 
‘chondroma’, ‘sarcoma’, ‘osteosarcoma’, ‘giant cell’, ‘chondrosarcoma’, or ‘osteoblastoma’, includ-
ing misspellings followed by excluding all patients younger than 18 years of age (n=438). After 
manual verification of the medical records, we identified 128 patients with 97 phalangeal bone 
tumors and 34 with metacarpal bone tumors, both benign and malignant. All malignant tumors 
(n=20) were excluded for a more homogenous cohort. Forty-two tumors were excluded because 
there were no available radiographs, resulting in 68 patients with 69 benign bone tumors.

Demographic and clinical data were gathered from the medical records including sex, age 
at time of diagnosis, race, smoking status, affected finger, fractured bone (metacarpal, proximal, 
middle, or distal phalanx), histological diagnosis (based on pathology reports), tumor size (based 
on orthogonal radiographs), and presence of a fracture. Mechanism of injury was defined as 
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atraumati c, low energy injury (e.g. fall from standing positi on or reported minor injury), or high 
energy injury (e.g. sport injury, alterati on, falling from higher positi on).

Radiographs

Cases were staged according to both, the Modifi ed Lodwick-Madewell6 and Enneking7 classifi ca-
ti on systems. The staging of all tumors on the radiographs was done by a hand surgeon and 
an orthopaedic oncologist on blinded radiographs. The size of the tumor was measured in two 
orthogonal views of the aff ected bone and categorized as a percentage of the size of the aff ected 
bone (Figure 1).

Figure 1: The size of the tumor as a percentage of the bone (%) is calculated by dividing the tumor volume 
(Ht x Wt x Dt) by the bone volume (Hb x Wb x Db). These lines indicate the height, width, and depth of the 
respecti ve structures. Ht = height of the tumor; Wt = width of the tumor; Dt = depth of the tumor; Hb = height 
of the bone; Wb = width of the bone; Db = depth of the bone.

Subjects

Of the 68 pati ents we included, 44 were female (65%). The mean age was 40 years (SD, 14; 95% 
CI: 37-43), and most pati ents were Caucasian (56, 87%). Forty pati ents were non-smokers (67%). 
The small fi nger (19, 28%) and the proximal phalanges (21, 30%) were the most commonly af-
fected locati ons, while the thumb (7, 10%) and distal phalanges (11, 16%) were the least aff ected 
(Table 1). Enchondroma represented the largest group (51, 74%; Table 2).
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Statistical analyses

The frequencies and percentages of categorical variables and mean and standard deviation (SD) 
for continuous variables were calculated. In bivariate analysis, Fisher’s exact test was used for 
categorical variables, Student’s t-test was used for continuous variables, and Mann–Whitney U 
test for age groups to study the association with the rate of fracture. A p < 0.05 was considered 
statistically significant. Only 1 patient (1.4% of the total cohort) had more than one affected 
bone. Therefore, we considered all tumors to be independent events for the analysis. To mitigate 
confounding, variables with p < 0.15 in bivariate analysis were inserted in a multivariable logistic 
regression model to identify factors independently associated with pathologic fracture. The area 
under the receiver operator curve (ROC) was calculated and a Hosmer-Lemeshow test was used 
to assess model fit for the multivariable logistic regression model.

RESULTS

Thirty-four of 69 (49%) bone tumors presented as pathologic fractures (Table 2). In bivariate 
analyses, there were significant differences between pathological fracture rates and the affected 
bones (P=0.006). The Enneking stage was borderline significant (P=0.10). The fracture rate in 
small fingers was 74%, compared to 42% in the ring finger, 44% in the long finger, 38% in the index 
finger, and 29% in the thumb. Looking at the specific bones, the fracture rate in metacarpal bones 
was only 20%, when compared to 52% in the proximal phalanges, 59% in the middle phalanges, 
and 82% in the distal phalanges. In our data, five of 7 (71%) of tumor size greater that 75% of the 
bone presented as a fracture, although not significant (Table 2).

Table 1: Tumor Diagnosis metacarpal and phalanges (n=69)

Histologic subtype n (%)

Enchondroma 51 (74)

GCT 5 (7.3)

Atypical enchondroma 3 (4.4)

Aneurysmal bone cyst 2 (2.9)

Osteochondroma 1 (1.5)

BPOP 1 (1.5)

Chondromyxoid fibroma 1 (1.5)

Benign cyste 1 (1.5)

Epidermal inclusion cyste 1 (1.5)

Epitheloid hemangioma 1 (1.5)

Giant cell reparative granuloma 1 (1.5)

Hemangioma 1 (1.5)

GCT= giant cell tumor, BPOP= Bizarre parosteal osteochondromatous proliferation
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Table 2: Patient Characteristics and Factors Associated with Pathologic Finger Fractures

Characteristic All phalangeal bone 
tumors

Pathologic Fractures P Value

No Yes

(n=69) (n=35) (n=34)

DEMOGRAPHICS

Age group, yr 0.70

<25 10 (15) 5 (15) 5 (15)

25-50 41 (60) 19 (56) 22 (65)

>50 17 (25) 10 (29) 7 (21)

Sex, n(%) 0.62

Men 24 (35) 11 (32) 13 (38)

Women 44 (65) 23 (68) 21 (62)

Race, n(%)a 0.47

Caucasian 56 (87) 30 (91) 26 (84)

Non-caucasian 8 (13) 3 (9.1) 5 (16)

Smoking, n(%)b 0.43

No 40 (67) 19 (61) 21 (72)

Yes 12 (20) 6 (19) 6 (21)

Former 8 (13) 6 (19) 2 (6.9)

TUMOR CHARACTERISTIC

Affected finger, n(%) 0.15

Thumb 7 (10) 5 (14) 2 (5.9)

Index 13 (19) 8 (23) 5 (15)

Long 18 (26) 10 (29) 8 (24)

Ring 12 (17) 7 (20) 5 (15)

Small 19 (28) 5 (14) 14 (41)

Affected bone, n(%) 0.006

Metacarpal 20 (29) 16 (46) 4 (12)

Proximal phalanx 21 (30) 10 (29) 11 (32)

Middle phalanx 17 (25) 7 (20) 10 (29)

Distal phalanx 11 (16) 2 (5.7) 9 (26)

Tumor diagnosis, n(%) 0.71

Benign neoplasm of bone 61 (88) 30 (86) 31 (91)

Benign neoplasm of soft tissue 8 (12) 5 (14) 3 (8.8)
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Multivariable logistic regression analysis showed that the small finger was independently 
associated with presentation as a pathologic fracture (P=0.050; Table 3). Tumors affecting the 
small finger had 5.0 times the odds (95% CI of 1.0-25) of being fractured compared to the long 
finger. Additionally, the metacarpal bones were independently associated with a lower risk of 

Table 2: Patient Characteristics and Factors Associated with Pathologic Finger Fractures (continued)

Characteristic All phalangeal bone 
tumors

Pathologic Fractures P Value

No Yes

(n=69) (n=35) (n=34)

RADIOGRAPHIC EVALUATION

Tumor size, n(%)c 0.66

≤ 25% 7 (11) 4 (13) 3 (10)

26-50% 26 (43) 13 (42) 13 (43)

51-75% 21 (34) 12 (39) 9 (30)

> 75% 7 (11) 2 (6.5) 5 (17)

Lodwick-Madewell stage, n(%)c 0.64

Ia 15 (22) 9 (26) 6 (18)

Ib 19 (28) 9 (26) 10 (29)

II 23 (33) 11 (31) 12 (35)

IIIa 9 (13) 4 (11) 5 (15)

IIIb 3 (4.4) 2 (5.7) 1 (2.9)

Enneking stage, n(%)c 0.10

I 37 (54) 22 (63) 15 (44)

II 18 (26) 8 (23) 10 (29)

III 14 (20) 5 (14) 9 (26)

an=64; bn=60

Table 3: Factors Independently Associated with Pathologic Phalangeal Fractures (n=69) 

Characteristic Odds ratio Lower (95% CI) Upper (95% CI) P-value

Digit (ref: Long)

Thumb 1.2 0.11 13 0.88

Index 1.1 0.2 6.1 0.9

Ring 1.0 0.19 5.7 0.96

Small 5.0 1.0 25 0.05

Phalanx (ref: Proximal)

Metacarpal 0.2 0.045 0.91 0.038

Middle 1.1 0.25 4.9 0.9

Distal 3.9 0.56 27 0.17

Enneking stage 1.3 0.95 1.7 0.11

Area under the ROC= 0.81; P value for Hosmer–Lemeshow test (goodness-of-fit test) = 0.48
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presenti ng as a pathologic fracture compared to the proximal phalanx, (P=0.045, OR=0.20; 95% 
CI of 0.045-0.91).

Mechanism of injury was reported in 29 of 34 (85%) of fractures. Pati ents reported that 
small fi nger fractures were caused by a low energy injury (reported as small trauma, e.g. while 
unbuckling a ski boot) or a reported atraumati c fracture in 63% of the cases (Figure 2). On the 
other hand, fractured metacarpal bones were caused by higher-energy trauma (ski accident and 
door hit hand) in 2 of 3 metacarpal tumors (Figure 3).

In one pati ent, more than one bone tumor was identi fi ed. An 18-year-old white woman was 
diagnosed with a pathologic fracture of the metacarpal of her long fi nger, caused by an enchon-
droma. Aft er imaging, an enchondroma was also seen in the proximal phalanx of the same fi nger.

Figure 2: Frequencies of the causes of pathologic fractures in per fi nger

Figure 3: Frequencies of the causes of pathologic fractures in per bone
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DISCUSSION

In our cohort, 49% of bony tumors in the hand presented as pathologic fractures. This rate is 
substantially higher than other locations.8-10 Contrary to the Mirels’ system, size of the tumor and 
presence of pain were not significant predictors of the occurrence of a pathologic fracture.4 We 
only found location to be a relevant predictor. The small finger more frequently presented with 
a pathologic fracture compared to the other digits. In addition, bone tumors of the metacarpal 
were less likely to present as a pathologic fracture.

These results should be interpreted in light of the strengths and limitations of the study. As 
with any database search, the validity depends on coding accuracy. First, the cause of fracture 
was not recorded in the medical records in all cases. Furthermore, the mechanism of fracture can 
be due to an unclear injury. We only classified a “low energy” or “atraumatic” injury if this was 
explicitly noted in the record. Finally, it is possible that clinicians may see fractured enchondro-
mas more frequently, but do not associate diagnosis codes to them when they are asymptomatic.

As in prior studies, we confirmed the findings that enchondromas are the most common 
tumors in the hand.11,12 A similar rate (40%; 41 of 102) of enchondromas in the hand presented 
as pathologic fractures was found by Sassoon et al.13 Shenoy et al. reported a rate of only 22% 
(53 of 233) of pathological fractures as the first presenting complaint in hand tumors. Similar to 
our cohort, they found that the proximal phalanx was most common bone affected by a fracture, 
and the most of the pathologic fracture affected the fifth ray (43.9%).12 Riester et al. reported a 
high fracture rate (95%) in the small finger affected by enchondromas, and lower rate (40%) in the 
metacarpal.14 This data identifies an association between pathologic fracture and involvement of 
the small finger. Possible explanation for the higher fracture rate may be the smaller size of the 
bone compared to the other digit; a similar tumor size involves relatively a greater size of the 
bone in the small finger. Furthermore, the ulnar position of the small finger makes it more vulner-
able to injury. We observed that small fingers tended to present after relatively minimal trauma 
and metacarpal fractures presented after more substantial trauma. However, it is important to 
recognize that this study does not establish causality.

Metacarpal bones had lower odds for a pathologic fracture, probably because of the me-
chanical support from bordering structures (e.g. phalangeal tendons, interdigital ligaments, and 
muscles).15 Although statistically not significant, a lower fracture rate was seen in tumors affecting 
the thumb. The peripheral location of the thumb should make it more vulnerable for injuries. 
However, differences in tendon attachments, lack of the middle phalanx, and a relatively broader 
bone make it more stable.16,17

Pathologic fractures were likely to occur when the tumor invaded the phalanges or metacar-
pal by more than 75%. This is in line with a previous study that reported on unicameral bone cysts 
in 75 children. It was found that pathologic fractures occurred when 85% of the bone is occupied 
by the tumor. In the hand a lower percentage seems to be needed, potentially due to a thinner 
cortex when compared to the long bones evaluated in the previous study.18
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In conclusion, the small finger is more likely to present as a pathologic fracture, and we 
observed that many of these presented with minor or no trauma. In patients with a fracture, 
oncologic treatment generally starts 6 to 8 weeks after treatment of the fracture. The presence 
of a fracture makes it more difficult to create a bone window to perform curettage. This may 
destabilize a pre-existing fracture and requires caution. When an incidental benign bone tumor of 
the small finger is identified, it may be reasonable to consider earlier intervention to avoid later 
fracture, especially in peri-articular tumors.
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ABSTRACT

Background: Melanonychia of the digit is uncommon in the Caucasian population and is con-
cerning because of potential malignant transformation. Several histologic changes occur prior 
to malignant transformation, including melanocytic atypia. The aim of this study was to evaluate 
patients with melanonychia with melanocytic hyperplasia and determine the risk factors for 
malignant transformation.

Methods: We retrospectively reviewed records of patients above the age of 18 years that un-
derwent biopsy for melanonychia. We identified 22 patients with melanocytic hyperplasia with a 
median age of 61 years (IQR:44-71). A bivariate analysis was performed to evaluate if the degree 
of atypia was associated with malignant transformation and if treatment choices by surgeons 
were based on melanocytic atypia.

Results: Following biopsy, patients were followed for a median of 41.0 months (IQR:4.8-100.6). 
Melanocytic atypia was present in 9 patients of which three transformed into a malignancy; two 
became a melanoma in	situ and one became an acral lentiginous melanoma. Moderate-severe 
and severe melanocytic atypia was associated with malignant transformation. After initial biopsy 
14 patients were monitored (11 without atypia and 3 with atypia). One patient with slight atypia, 
two patients with moderate-severe atypia and two patients with severe atypia underwent ad-
ditional treatment. Patients with melanocytic hyperplasia without atypia were monitored more 
often (78.6% versus 21.4%).

Conclusion: Melanonychia presents a challenge to the hand surgeon, as some patients may be 
monitored and some should undergo additional resection. Patients with moderate/severe mela-
nocytic atypia following biopsy should undergo resection and those with mild/slight atypia can 
most often be monitored clinically.
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INTRODUCTION

Melanonychia is defined as a pigmented lesion of the nail apparatus, including the germinal 
matrix, sterile matrix, and nail plate.1,2 Melanin production by melanocytes in the germinal matrix 
can create a longitudinal pigmented streak, called melanonychia or melanonychia striata. Less 
commonly, there can be pigmentation of the entire nail or a transverse band of pigmentation. 
Melanin production in the nail matrix can be caused by melanocyte activation or melanocyte 
hyperplasia.1,3 Melanocytic activation can be due to several factors: physiologic (darker skin 
phenotype), onychotillomania, trauma, systemic diseases, iatrogenic (i.e. chemotherapy) or syn-
dromic causes. In cases of melanocytic hyperplasia, a greater number of melanocytes are present.

The differential diagnosis of melanonychia includes melanocytic hyperplasia with or without 
atypia, subungual hematoma, onychomycosis, melanoma in situ, or melanoma.1,4,5 The greatest 
concern about melanonychia is the potential for malignancy; because of this, further clinical 
evaluation is often considered. Visual evaluation alone may be insufficient and dermoscopy is 
often inconclusive.5–8 Therefore, formal pathologic evaluation is often required to rule out malig-
nancy. This can be performed by punch biopsy, shave biopsy, or excisional biopsy.9–11

If a biopsy is performed and cellular atypia is identified, treatment options include contin-
ued clinical monitoring or surgical excision of the lesion. Many providers recommend formal 
excision for any lesion with moderate or severe atypia; however, it is unknown how many of 
these lesions are stable (i.e. will not become malignant) and how many will ultimately undergo 
malignant transformation.1,12 Surgical excision is not always favored as it can result in nail plate 
abnormalities and poor aesthetic appearance of the nail. Because of variation in management of 
these problems, there are no formal recommendations and clinicians make decisions based on 
many factors, including patients’ clinical presentation and their own experience.

The goal of this study was to review the treatment provided for patients with melanonychia 
(with and without melanocytic atypia) and to evaluate if the degree of melanocytic atypia is as-
sociated with malignant transformation, providing a practical guideline for management.

MATERIALS AND METHODS

This study was approved by our institutional review board (IRB). Patients were initially identified 
by matching International	Classification	of	Diseases,	Ninth	Revision	(ICD-9) codes 172.6 (Malignant 
melanoma of skin of upper limb), 703.8 (Other specified diseases of nail), 703.9 (Unspecified dis-
ease of nail), or 709.0 (Dyschromia), with CPT 11000 (Biopsy of skin) or 11755 (Biopsy of nail unit). 
This very broad search yielded over 30,000 patients who underwent biopsy of any upper limb 
lesion between 2004 and 2014 in order not to miss patient due to miscoding. We then narrowed 
the number of patients to 623 by performing an electronic search in the digital pathology reports 
for “matrix”, “nail”, “-nychia” and “-ungual”. Of those patients, we reviewed the pathology reports 
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and electronic medical records and included all adult pati ents in whom fi nger nailbed biopsy was 
performed of a lesion clinically described as melanonychia, including synonyms (e.g., melanocyti c 
streak, pigmented streak, etc.). The pathology reports of the remaining, non-included pati ents 
described toe nails, nail clippings examined for onychomycosis, onycholysis, infecti on, or postt rau-
mati c hemorrhage, autopsies including kidney matrices, and biopsies performed concerning for 
other, unpigmented lesions of the nail (e.g. no immunohisthochemical staining was performed) 
and were excluded (dystrophy, verrucae, glomus tumors, squamous cell carcinoma, lichen planus).

We included 78 pati ents in whom a biopsy (Figure 1) was performed of a pigmented streak 
to rule out melanocyti c atypia or a pigmented neoplasm with the use of immunohistochemical 
staining such as Fontana-Masson, melanoma anti gen recognized by T cells 1 (MART-1; or protein 
Melan-A), Micropthalmia Transcripti on Factor (MiTF), and S-100 protein. From these 78 pati ents, 
we identi fi ed 25 pati ents aged 18 years or older in whom the pathology reports of the nailbed 
biopsy described the presence of melanocyti c hyperplasia, with or without atypia. The remainder 
of the pati ents (n = 53) either had no atypia identi fi ed on histologic examinati on, had melanoma, 
or were referred from an outside hospital for second opinion or defi niti ve treatment. Five of 
these 53 pati ents had an initi al biopsy showing melanoma, these all underwent amputati on of 
the aff ected digit along with a senti nel node procedure. Three pati ents were excluded with a 
follow-up of less than two months.

In the resultant 22 pati ents, there were 9 males and 13 females with a median age of 61 
years (IQR, 44-71) (Table 1 & Table 2). The electronic medical charts for pati ent- and melanonychia 
characteristi cs were reviewed. The median follow-up was 41.0 months (IQR, 14.8-100.6). The 
pathologic specimens were reviewed by 11 pathologists, of which 9 were dermatopathologists. 

Figure 1: Flow-chart of pati ent inclusion and exclusion. (SNB=senti nel node biopsy)
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Table 1: Patient Demographics

All patients

n=22

Age, median (interquartile range), years 61 (44-71)

Patient delay1, median (interquartile range), months 10 (4.5-18)

Male sex, n(%) 9 (40.9)

Race, n(%)

Caucasian 18 (81.8)

African American 2 (9.1)

Hispanic 2 (9.1)

Final diagnosis, n(%)

Melanocytic hyperplasia 19 (86.4)

Melanoma in situ 2 (9.1)

Acral lentigous melanoma 1 (4.6)

Biopsy type, n(%)

Excision biopsy 11 (50.0)

Punch biopsy 7 (31.8)

Shave excision biopsy 4 (18.2)

Final treatment, n(%)

Monitoring 14 (63.6)

Re-excision 5 (22.7)

Re-excision biopsy 2 (9.1)

Amputation 1 (4.6)

Melanocytic atypia, n(%)

None 13 (59.1)

Slight 2 (9.1)

Mild 2 (9.1)

Moderate-severe 3 (13.6)

Severe 2 (9.1)

Finger, n(%)

Thumb 11 (50.0)

Index 2 (9.1)

Middle 4 (18.2)

Ring 3 (13.6)

Small 2 (9.1)

Pigment band width, (n%)2

<6mm 11 (50.0)

≥6mm 2 (9.1)

Clinical signs, n(%)

Hutchinson’s sign* 1 (5.3)

Ulceration * 0

Onycholysis* 3 (13.6)

Trauma* 4 (18.2)

Subungual mass** 2 (9.1)

Radical final margin, n(%) 6 (27.3)
1In 6 cases data was not extractable from charts, 2 In 9 cases data was not extractable from charts
* In 3 cases data was not extractable from charts, ** In 6 cases data was not extractable from charts
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Additionally, 10 of the cases were discussed at intradisciplinary dermatopathologic meetings, 
including the two cases that were evaluated by general pathologists.

A Fisher’s exact test was performed to evaluate if atypia was associated with additional 
treatment or malignant transformation. A P-value of less than 0.05 was considered statistically 
significant.

RESULTS

Excisional (n=11, 50%), punch (n=7, 31.8%) and shave biopsies (n=4, 18.2%) were used as tech-
niques for initial biopsy to acquire histologic material. One patient had inconclusive histology and 
required a secondary excisional biopsy after initial shave biopsy.

Following biopsy, 9 of 22 patients had melanocytic atypia: 2 slight, 2 mild, 3 moderate-severe 
and 2 severe. Fifty percent (n=11) of the lesions were seen in the thumb, 18.2% (n=4) in the 
middle finger, 13.6% (n=3) in the ring finger and 9.1% (n=2) in both the index- and small fingers. 
Accompanying clinical signs were seldom seen, such as Hutchinson’s sign (1 patient), onycholysis 
(3 patients), history of trauma (4 patients), and subungual mass (2 patients). No patient had 
ulceration. In 13/20 patients, the width of the pigment band was retrievable from the medical 
charts and 11 of these 13 patients had a width of <6 mm.

Eight patients had additional procedures following initial biopsy, of which six of these patients 
had atypia (Figure 2). The additional treatment consisted of excisional biopsy in one patient (case 
29) with slight atypia and excision in two patients with moderate-severe atypia (case 12 and 30). 
One patient with moderate-severe (case 17) and one with severe atypia (case 1) had additional 
procedures that eventually diagnosed melanoma in	situ, this occurred after 187.2 months and 7.1 
months after initial diagnosis. Another patient (case 26) with severe atypia that transformed into 
a melanoma after 57.8 months and this required a digital amputation with a sentinel node biopsy. 
The two patients without atypia that had additional treatment underwent a shave biopsy and 
an excisional biopsy. In patients that were only monitored following initial biopsy 11/13 (78.6%) 
patients had absence of atypia. Patients without melanocytic atypia were monitored significantly 
more often than those with atypia (p=0.026).

Melanocytic atypia was present in 9/22 patients: slight atypia was present in 2 patients, 
mild atypia in 2 patients, moderate-severe atypia in 3 patients and severe atypia in 2 patients. 
Moderate-severe and severe atypia was significantly associated with malignant transformation 
(p=0.006): two transformed into a melanoma in	situ (case 1 and 17) and one into an acral lentigi-
nous melanoma (case 26) (Figure 3).
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DISCUSSION

Melanonychia is rare in the Caucasian populati on but is common in other races, aff ecti ng 69% 
Hispanics, 10-20% Asians and 77% of African Americans.1,13–15 This pigmentati on develops due to 
increased melanocyte acti vity or by melanocyti c hyperplasia.1,3 These lesions have the possibil-
ity of malignant transformati on; this begins as benign melanocyte hyperplasia that undergoes 
dysplasti c changes into a melanoma in	 situ and then into a melanoma. Tosti  et. al described 
melanocyti c hyperplasia in 12% of the Caucasian adults that had a biopsy of melanonychia.12 
Nailbed (subungual) or nail matrix melanomas account for 0.2-2.8% of all melanomas, arising 
from melanonychia in 30-76% of the cases.6,16–19

The aim of this study was to evaluate malignant transformati on and treatment choices in pa-
ti ents with melanonychia. Following biopsy, we found that pati ents with melanocyti c hyperplasia 

Figure 2: Additi onal treatment procedures aft er initi al biopsy, divided into pati ents with melanocyti c hyper-
plasia with or without atypia.

Figure 3: Malignant transformati on of melanocyti c hyperplasia, divided into pati ents with or without mela-
nocyti c atypia.
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without atypia were monitored significantly more often than patients with atypia (78.6% versus 
21.4%) and that patients with severe atypia had a higher risk of malignant transformation.

We need to interpret these results with respect to the strengths and limitations of this study. 
First, this was a retrospective study where 3 patients had a follow-up of less than a year. Second, 
there were only three cases of malignant transformation so we are not able to make a statement 
regarding additional predictors of malignant transformation. Third, this cohort of patients is 82% 
Caucasian, referred to an urban hospital and may not be generalizable to other clinical settings. 
However, this does allow us to make a recommendation for the Caucasian population in which 
melanonychia is a rarity.

Clinical features that increase suspicion for nailbed melanomas are pigment bands wider 
than 6 mm, ulceration, dermoscopic irregularities or periungual pigmentation (Hutchinson’s 
sign).6,9,11,20–22 It was difficult to draw conclusions regarding those factors because the retrievable 
data from the medical charts was incomplete due to the retrospective nature of this study.

This study underscores the difficulty in histopathologic diagnosis of melanonychia.1,4,5,23–25 
One patient (case 23) underwent a second biopsy to confirm the diagnosis. Additionally, one 
patient (case 24) had clinical nail pigmentation but two initial false-negative biopsies that did 
not show melanocytic proliferation. Although there was macroscopic absence of pigmentation 
postoperatively, it recurred within 4 months and a radical longitudinal biopsy was performed 
showing melanocytic hyperplasia without atypia.

The surgical approach for melanonychia first involves acquisition of sufficient histopathologic 
material with minimal damage to the nail apparatus. Indications for biopsy are: (1) development 
of nailbed pigmentation in patients between 40-60 years of age; (2) abrupt change in pigmenta-
tion within the nailbed; (3) persistent pigmentation after trauma (after ruling out subungual he-
matoma); (4) a history of melanoma and the presence of nailbed pigmentation; (5) nail dystrophy 
and pigmentation with nail destruction; (6) presence of Hutchinson’s sign (periungual extension of 
pigmentation from longitudinal melanonychia onto the proximal and lateral nail folds).11,26 Haneke 
has suggested a technique of tangential excision or shave biopsy of the matrix with which the nail 
matrix is only superficially excised to avoid nail dystrophy.10 Braun et al. proposed shave biopsies 
for matrix lesions ≥3 mm, punch biopsies for lesions <3 mm and lateral longitudinal excisions 
for lateral matrix lesions.11 Excisions of the nail matrix larger than 3 mm are more likely to cause 
nail dystrophy, especially excisions of the proximal matrix.9–11 Lateral and medial longitudinal nail 
matrix excisions carry the risk for malalignment of the matrix with subsequent dystrophy.11 The 
surgeons in this study chose to monitor 14 patients that had positive margins, of which 3 had 
atypia. Based on this experience and the existing literature, we recommend avoidance of aggres-
sive resections in cases of slight or mild atypia as they have a low malignant potential.

In conclusion, patients were monitored clinically when initial biopsy in patients with longitu-
dinal melanonychia did not show melanocyte atypia (Figure 4). We recommend that patients with 
moderate/severe melanocytic atypia undergo additional resection and those with mild/slight 
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atypia undergo close clinical monitoring. Studies with larger cohorts are necessary to identi fy all 
factors that predict malignant transformati on of melanonychia.

Figure 4: Treatment algorithm for pati ents with digital melanonychia
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ABSTRACT

Background: Giant cell tumors (GCT) of the distal radius tumors are thought to be more aggres-
sive than other locations. Therefore, the aim of this study was to investigate the factors associated 
with recurrence of GCT’s in the upper extremity. Additionally, we evaluated treatment prefer-
ences over the past decades along with surgical treatment based on tumor characteristics.

Methods: Retrospectively, 82 patients that underwent primary surgical treatment for an upper 
extremity GCT were identified. Tumors were located in the radius (n=47), humerus (n=17), ulna 
(n=9) and hand (n=9). Treatment consisted of either wide resection or intralesional resection with 
or without adjuvants.

Results: The recurrence rate after intralesional resection was 48% and after wide resection the 
recurrence rate was 12%. Two patients (2.4%) developed a pulmonary metastasis. In multivari-
able Cox regression, intralesional resection was independently associated with recurrence, 
hazards ratio=10.9, p<0.05. Patients treated after 1984 were treated with intralesional curettage 
more often than with wide resection compared to earlier decades (p<0.05). Grade 2 tumors were 
treated with intralesional resection in 81% of the patients versus 50% of the patients with a Grade 
3 tumor (p<0.05); and 63% of tumor recurrences were treated with wide resection compared 31% 
of the primary lesions (p<0.05).

Conclusion: A GCT of the distal radius was not a predictor of recurrence. Treatment of giant cell 
tumor of bone with intralesional resection is reasonable for less aggressive disease to preserve 
function; however, the recurrence rate is substantially lower with wide resection and may be 
preferable in more aggressive and/or recurrent disease.
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INTRODUCTION

Giant cell tumors (GCT) are benign neoplasms that are locally aggressive and metastasize to the 
lungs in up to 4% of patients.1–9 They comprise 5% of all osseous neoplasms and are mostly seen 
in the metaphysis and/or epiphysis in persons in their third to fourth decade.9–15 The distal radius 
is the most common site of occurrence in the upper extremity.11–13,16 Some authors suggest that 
distal radius tumors are more aggressive with higher recurrence rates compared to other loca-
tions.6,7,9,13,17,18

Surgical treatment consists of (1) aggressive intralesional curettage with or without a bone 
filler (bone allograft, bone autograft or cement) with or without adjuvant therapy or (2) wide 
resection. In the past decade the use of denosumab has shown promising results, but is mainly 
indicated in patients with unresectable or metastatic disease.19 Denosumab acts on the receptor 
activator of nuclear factor-κB ligand (RANKL) inhibiting osteoclast maturation and subsequent os-
teolysis.20 We are defensive with the use of denosumab because it causes thickening of the bone 
making it challenging to perform adequate curettage and may increase the recurrence rate.21,22

Much of our understanding of GCTs of the upper extremity relies upon information extrapo-
lated from other anatomic locations, or generalized from studies of the distal radius. Recurrence 
rates of intralesional curettage range between 8.6-19%6,9,11,12,16,23,24 and for wide resection recur-
rence rates range between 0-16%.6,11,12,16,24 Although adjuvants, such as phenol, nitrogen per-
oxide, argon beam coagulation, cryosurgery and alcohol, are frequently used after intralesional 
curettage of giant cell tumors, their additional value continues to be debated.25 Because of the 
perception that GCTs of the distal radius are more aggressive, some surgeons have a lower thresh-
old to recommend wide resection in this location.7,17

The primary aim of this study was to identify factors associated with recurrence of GCT’s in 
the upper extremity. The secondary aim was to describe surgical trends over the past decades in 
a single metropolitan health care system along with describing the surgical preference based on 
tumor characteristics.

MATERIALS AND METHODS

After approval of our institutional review board, we retrospectively identified patients between 
1971-2017 with a possible GCT by searching an institutional database using ICD-9 codes “170.4”, 
“170.5”, “213.5”, “213.4”, “238.0” and “239.2”, followed by a text search in the pathology reports 
matching the terms “giant cell tumor”, “osteoclastoma”, all upper extremity bones, and com-
mon misspellings and synonyms using Stata version 13.0 (StataCorp LP, Texas, USA; Appendix 
1). Additionally, we identified patients using an orthopaedic oncology registry that predates the 
institutional database.26 After identification of possible patients, medical charts were manually 
reviewed. We included patients with histologically confirmed GCTs of bone and that received 
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primary surgical treatment at our insti tuti ons. This yielded 92 adult pati ents with a GCT of bone 
in the upper extremity. We excluded pati ents with less than 12 months of follow-up (n=9) and one 
pati ent with a GCT of the scapula that was only treated with denosumab. We analyzed a total of 
82 pati ents.

Demographic and clinical informati on was gathered from the medical records including gen-
der, age, pain reported by pati ent, tobacco use, durati on of follow-up, ti me-period between initi al 
surgery and recurrence, and tumor characteristi cs. Histologic diagnosis was made by fellowship 
trained, att ending level musculoskeletal pathologists in a non-blinded manner. Tumor grading 
was performed by an orthopaedic oncologist according to the Campanacci staging system15 using 
radiologic images (n=53) and reports (n=13) along with operati ve reports (n=14). Furthermore, for 
purposes of analysis surgery we grouped into two categories: (1) intralesional resecti on, and (2) 
wide resecti on, which included one amputati on. Surgery was performed by a fellowship trained, 
att ending level, orthopaedic musculoskeletal oncologist, along with a hand or plasti c surgeon in 
pati ents where reconstructi on with tendon transfers, vascularized fi bula autograft s or soft  ti ssue 
reconstructi on with free fl aps was performed. Tumor recurrence was defi ned as a histologically 
confi rmed GCT at the same locati on as the previous oncologic treatment.

Study populati on

Of the pati ents with a GCT, 48 (59%) were male, with a median age of 32.2 years (IQR 24.5-42.0) 
and median follow-up of 6.5 years (IQR:2.9-10.4; Table 1). The most common locati on for a GCT 
was the radius (47 of 82, 57%; Figure 1). Forty-six of the radius lesions were in the distal radius. 
Pati ents underwent a conventi onal chest radiograph or chest computed tomography (CT) scan 
to assess for pulmonary metastasis. Aft er staging surveillance in the lung with chest imaging (CT 
scan or chest radiograph) was performed on annual basis for 5 years. Tumor grading was possible 
in 80 pati ents, where 52 (65%) tumors were Grade 2 and 28 (35%) were Grade 3. Pathologic 
fractures were present in 15 pati ents (25%) and were located in the distal radius (n=9), proximal 
humerus (n=4), distal humerus (n=2), ulna (n=2) and metacarpal (n=1).

Figure 1: Distributi on of the giant cell tumors of the upper extremity.
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Fifty-six (68%) patients underwent intralesional resection, 26 patients (32%) underwent 
wide resection and one patient underwent ray amputation. Intralesional resection was done by 
curettage of the tumor through a cortical window with the same dimensions as the tumor. Since 
2000, a high-speed burr has been used, and previously a gauging curettage with manual curved 
and straight curettes of different sizes was performed. Burring or curetting was performed until 
healthy cancellous bone was visualized. Of the patients that underwent intralesional resection an 
adjuvant was used in 28 patients (50%): nitrogen peroxide (n=15, 27%), phenol (n=11, 20%) or a 
combination of both (n=2, 3.6%). Ten of the (71%) grade 3 tumors had treatment with an adjuvant 
and 18 (43%) of the grade 2 tumors had treatment with an adjuvant. One patient with a grade 3 

Table 1: The association between recurrence of GCT’s with patient, tumor, and treatment characteristics

All patients Recurrence P-Value

(n=82) Yes (n=30) No (n=52)

Patient	characteristics

Age, median (IQR), years 32.2 (24.5-42.0) 31.8 (24.0-38.2) 32.2 (25.7-46.5) 0.51*

Male sex, n(%) 48 (59) 17 (35) 31 (65) 0.87*

Smoking, n(%)† 8 (14) 2 (25) 6 (75) 0.41*

Pain, n(%) ** 51 (82) 22 (43) 29 (57) 0.18*

Pathological fracture, n(%) a 18 (25) 6 (33) 12 (67) 0.39*

Tumor	characteristics

Location, n(%) <0.05*

Distal radius 46 (56) 22 (48) 24 (52)

Other 36 (44) 8 (22) 28 (78)

Campanacci Grade, n(%)b >0.99*

II 52 (65) 18 (35) 34 (65)

III 28 (35) 11 (39) 17 (61)

Treatment	characteristics

Surgery n(%) <0.05*

Intralesional resection 56 (68) 27 (48) 29 (52)

Wide resection 26 (32) 3 (12) 23 (89)

Bone filler, n(%) 0.82*

PMMA 50 (89) 23 (46) 27 (54)

Allograft 1 (1.8) 1 (100) 0 (0)

None 5 (8.9) 3 (60) 2 (40)

Adjuvant, n(%) 0.79*

Nitrogen peroxide 15 (27) 7 (47) 8 (53)

Phenol 11 (20) 5 (46) 6 (55)

Phenol + nitrogen peroxide 2 (3.6) 1 (50) 1 (50)

None 28 (50) 14 (50) 14 (50)

* Using Cox regression, † n=57, ** n=62, a n=72, b n=80
PMMA=polymethyl methacrylate
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GCT of the distal radius underwent a course of treatment with denosumab prior to undergoing 
intralesional resection, followed by resection for recurrence.

Reconstructive techniques following resection of the distal radius included osteoarticular 
allograft reconstruction (n=10), non-vascularized fibula autograft reconstruction (n=1), wrist 
arthrodesis with a vascularized fibula autograft (n=1) and an allograft to reconstruct a meta-
diaphyseal defect (n=1). Four of the patients with an osteoarticular allograft reconstruction had 
a reoperation, of which three were a conversion to wrist arthrodesis. Three allograft reconstruc-
tions of the proximal humerus were performed and two allograft reconstructions of the distal 
humerus. One patient with a distal humerus allograft had revision surgery for infection and even-
tually had a flail elbow, and one patient with a proximal humerus allograft reconstruction had 
allograft revision and later went on to hemiarthroplasty. One of the five distal ulna resections was 
reconstructed with an osteoarticular allograft without post-operative complications. One patient 
had reconstruction of the proximal radius with an allograft and biceps tendon allograft, and had 
revision surgery for nonunion. One patient underwent carpometacarpal (CMC) joint arthrodesis 
of the thumb with a fibula allograft without further complications.

Statistical analysis

We used a binary categorization of GCT location: in the distal radius or not in the distal ra-
dius.6,7,9,13,17,18 Bivariate analysis tested the association between categorical and continuous 
outcomes and GCT recurrence using Cox’s proportional hazards model. To mitigate confounding 
all variables with a p<0.10 in bivariate analysis and Campanacci grade (based on clinical relevance 
as a surrogate for tumor aggressiveness) were included in a multivariable Cox survival regres-
sion model to identify factors independently associated with GCT recurrence. Additionally, we 
generated Kaplan-Meier survival curves stratified by surgery type and tumor location. We used 
a Fisher’s exact test to compare surgical technique throughout the decades, treatment of Grade 
2 and Grade 3 tumors and treatment based on tumor location. A McNemar’s test was used to 
compare the difference in the type of surgery elected for primary treatment and recurrence treat-
ment. A significance level was set at p<0.05 for all the tests.

RESULTS

Recurrence

The overall local recurrence rate of GCT’s was 37% (n=30). Recurrence occurred at a median of 
1.3 years after index surgery (IQR:0.6-3.1; Figure 2). Of the recurrences, eight (27%) occurred 
later than 24 months following surgery. Of the patients with late recurrences (≥24 months fol-
lowing surgery) seven (88%) had undergone intralesional resection and of the patients with early 
recurrences (<24 months following surgery) 20 (91%) had undergone intralesional resection. Two 
patients (2.4%) developed a pulmonary metastasis; one patient had a GCT of the humerus that 
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dediff erenti ated into an osteosarcoma and the other pati ent had a GCT of the distal radius. In 
bivariate analysis, GCT’s treated with intralesional resecti on had a higher recurrence rate when 
compared to wide resecti on (48% vs. 12%, p<0.05) and the distal radial locati on had a higher re-
currence rate compared to other locati ons (48% vs. 22%, p<0.05). Aft er adjusti ng for Campanacci 
grade and distal radial locati on, intralesional resecti on remained the only independent risk factor 
for recurrence (Hazards rati o [HR]: 10.9, 95% Confi dence interval [CI]: 2.4-49.7, p<0.05; Table 2).

Treatment

When evaluati ng the surgical treatment over the decades, analysis showed that intralesional re-
secti on was more commonly performed aft er 1984 (71-76%) than from 1974-1984 (27%) (p<0.05, 
Figure 3). Grade 2 tumors were treated with intralesional resecti on in 81% of the pati ents, while 
Grade 3 tumors were treated with intralesional resecti on only in 50% (p<0.05; Figure 4A). There 
was no associati on between tumor locati on and surgical preference (Figure 4B). Finally, wide re-
secti on was performed more frequently for recurrent tumors when compared to primary tumor 
surgery (63% vs. 31%, p<0.05; Figure 5).

Figure 2A-B: Kaplan Meier curve comparing recurrence aft er (A) intralesional resecti on and wide resecti on 
and (B) distal radial locati on compared to other locati ons.

Table 2: Multi variable Cox regression correcti ng for Campanacci grade and Locati on

Variable HR SE 95% CI p-value

Locati on: Distal radius 1.9 0.87 [0.79, 4.7] 0.15

Campanacci grade

2 reference reference reference reference

3 1.6 0.70 [0.69, 3.8] 0.28

Surgery

Wide resecti on reference reference reference reference

Intralesional resecti on 10.9 8.4 [2.4, 49.7] <0.05

HR= Hazards rati o SE= standard error CI= confi dence interval
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Figure 3: Surgical preference for giant cell tumor treatment and overall- and distal radius specific recurrence 
rates over per decade. (*p<0.05, using Fisher’s exact test)

Figure 4A-B: The type of surgery performed for (A) Campannaci grade 2 and grade 3 tumors and (B) based 
on tumor location.

Figure 5: Surgical preference for primary- and recurrent giant cell tumors.
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DISCUSSION

The factors associated with tumor recurrence were investigated in 82 patients with a GCT of the 
upper extremity that were treated surgically. The most common tumor location was the distal 
radius (56%) followed by the humerus (21%). As expected, surgical treatment with an intral-
esional curettage was associated with higher recurrence rates compared to wide resection. Three 
trends were noted: (1) there has been a shift towards intralesional curettage of GCT’s of the upper 
extremity over the decades at the cost of higher recurrence rates of distal radius tumors in order 
to preserve function; (2) Campanacci grade 3 tumors were commonly treated by wide resection 
more frequently and (3) recurrences were more commonly treated with either wide resection or 
amputation for tumor recurrence. The distal radius location was not a predictor for recurrence as 
previously suggested.

These results need to be interpreted with respect to this study’s strengths and limitations. 
First, as with any database study the results depend on coding accuracy. We tried to mitigate 
these errors by reviewing the medical records. Second, the possibility exists that patients with 
recurrences did not return to our hospital for follow-up, although based on our regional refer-
ral patterns, this is probably infrequent. Third, this study does not give insight into the role of 
denosumab in treatment of GCT of the upper extremity, as only one patient was treated with it. 
Finally, this study represents a cohort of patients with a GCT over a period of more than 40 years, 
over which surgical practice patterns have changed.

In this study, GCT’s treated by resection or amputation had lower recurrence rates than 
intralesional curettage (12% vs. 48%). This is in line with the results of a meta-analysis that pooled 
data on 139 distal radius GCT’s and reported recurrence rates of 31% after intralesional curet-
tage and 7% after resection in tumors of the distal radius.27 Previous studies have suggested that 
Campanacci grade 3 11–13,16,28,29, soft tissue extension 24,30,31, proximal femur tumors 9, distal radius 
tumors 9, proximal tibia tumors 32 and age <25 years 8 are associated with tumor recurrence. 
Immunohistochemical studies of recurrent tumors demonstrate a higher CD147 expression, 
which may implicate in extracellular matrix protein degradation.33 In this study, multivariable 
analysis was performed to correct for potential confounding by tumor grade and location and 

Table 3: Logistic regression intralesional resection versus wide resection

Variable Surgery OR SE 95% CI p-value

Intralesional resection Wide resection

Time period, n(%)

1974-1984 3 (27) 8 (73) reference reference reference reference

1985-1994 15 (71) 6 (29) 6.7 5.5 [1.3, 34.0] <0.05

1995-2004 19 (76) 6 (24) 8.4 7.0 [1.7, 42.4] <0.05

2005-2015 19 (76) 6 (24) 8.4 7.0 [1.7, 42.4] <0.05

OR= Odds Ratio SE= standard error CI= confidence interval
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only the type of surgery independently influenced the recurrence rate. Achieving complete tumor 
removal, burring at least 10 mm into the normal cortex (as suggested)12, with intralesional curet-
tage is challenging in the upper extremity as tumors often abut the articular surface.

There is debate about whether distal radius tumors have higher recurrence rates or if these 
tumors are more aggressive. Previous findings are contradictory: some suggest higher tumor 
aggressiveness because of higher observed recurrence rates of 42-90% 6,9,13,34–36, whereas others 
believe that this is not the case.30,37–42

The recurrence rate in the distal radius was 48% compared to 22% in other locations in this 
series. Based on a Kaplan-Meier curve and multivariable Cox regression, there was no association 
between distal radial location and tumor recurrence in patients with GCT of the upper extrem-
ity in our cohort. Our interpretation is that the higher recurrence rates of the distal radius are 
related to the surgical preference of intralesional curettage and aggressiveness of the curettage. 
Intralesional resection aims to maintain a better function of the wrist but may lead to insufficient 
curettage of the tumor especially in subarticular tumors.39,41,43–45 Almost three quarters of the 
distal radius tumors were treated with intralesional curettage in this study.

 The surgical preference continues to evolve as surgeons try to balance the risk of recur-
rence with the morbidity of treatment. Wide resection of the radius and reconstruction using wrist 
arthrodesis, osteoarticular allograft, or fibular autograft reconstruction has a high complication 
rate, up to 55%. 46 These complications may be more morbid than a repeat intralesional curettage 
and resection impairs functionality to a greater extent and does not come without post-operative 
complications. Furthermore, although intralesional curettage has higher recurrence rates than 
wide resection, advances such as a high-speed burr appear to further reduce recurrence rates.7,13 
Even in the setting of multiple recurrences, most authors advocate at least one repeated curet-
tage.39,43 Takeuchi et al. reported that treatment of a recurrent tumor with intralesional curettage 
was associated with re-recurrence.47 Despite this, 77% of the joints were maintained and 91.2% 
of the patients remained disease free. Other authors are less optimistic about repeat curettage. 
McGough et al. reported that 40% of the recurrent distal radius tumors could be successfully 
treated with repeat curettage, 42 and Balke et al. concluded that only 25% of the recurrent distal 
radius tumors could be treated with repeat curettage.48

Patients presenting with a GCT of the upper extremity should be informed regarding the risks 
of recurrence for different treatment modalities. Despite higher recurrence rates, our institu-
tion continues to advocate treatment of GCT with intralesional curettage in GCTs without soft 
tissue involvement. Intralesional curettage can be considered in patients with sufficient cortex 
to maintain the bone structure.9,16,33,36,49 We reserve resection for patients in the presence of 
intra-articular pathologic fractures, large soft tissue components, multiple recurrences, unstable 
fractures, or tumors of expendable/non-weight bearing bones.2,9,11–13,16,36 Specifically for the distal 
radius, we consider resection when (1) more than 75% of the bone diameter is destroyed, (2) 
there is articular involvement, or (3) the tumor volume is greater than 17cm3 using magnetic 
resonance imaging.39,41
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In conclusion, intralesional curettage is associated with higher recurrence rates of GCT’s 
in the upper extremity when compared with resection. Despite the association with a higher 
recurrence rate, other factors such as tumor aggressiveness, surgical morbidity and preservation 
of function should guide the choice of intralesional curettage versus a wide resection. The distal 
radius does not seem to be a predictor for recurrence.
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ABSTRACT

Background: Osteoarticular allograft reconstruction is an option after tumor resection of the 
distal radius. As most patients with a distal radius tumor are younger than 50 years of age, the 
advantages of this technique are lower morbidity compared to an autogenous free fibula graft 
and preservation of some wrist motion compared to fibula graft and wrist fusion combination. 
The aims of this study were to evaluate the rate of preservation of the wrist joint, allograft re-
tention, factors associated with reoperation and to report the patient reported outcomes after 
osteoarticular allograft reconstruction.

Methods: We retrospectively identified patients that underwent distal radius resection followed 
by osteoarticular allograft reconstruction from 1971 until 2015. We identified 33 patients with a 
giant cell tumor (n=27), osteosarcoma (n=4), chondrosarcoma (n=1) or leiomyosarcoma (n=1). 
Patient and treatment characteristics were collected through chart review. The median patient 
age was 32 years with a median follow up of 8 years. Ten patients with preservation of the wrist 
joint were contacted to complete the Quick DASH, PROMIS-CA Physical Function and Toronto 
Extremity Salvage Score (TESS) at a median follow up of 13 years.

Results: The allograft retention rate was 89%. Patients with an allograft fracture were more com-
monly converted to wrist arthrodesis. Eighteen patients (55%) underwent reoperation of which 
12 (36%) underwent wrist arthrodesis, these were performed at a median of 4.2 years (range: 
0.9-18.2) after index surgery. The most common cause for reoperation was carpal instability or 
ulnar impaction. The use of locking plate fixation was associated with lower reoperation and 
allograft fracture rates. Two giant cell tumor local recurrences occurred. The patients with a pre-
served wrist joint reported a median Quick DASH of 10.2 (range: 0-52.3), a mean PROMIS physical 
function of 57.8 (range: 38.9-64.5) and the median TESS was 95.5 (range: 67.0-98.4).

Conclusion: Osteoarticular allograft reconstruction has a high revision rate, but with a 10-year 
retention rate of 89%. Allograft fixation with locking plates seems to reduce the number of reop-
erations and allograft fractures. Surgical technique may reduce wrist arthrodesis rates if allograft 
fractures are prevented.
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INTRODUCTION

When primary bone sarcomas occur in the distal radius or soft tissue sarcomas in the wrist extend 
into the radius, a wide resection with negative margins entails entire resection of the distal radius. 
These principles of wide resection are sometimes applied to giant cell tumors that involve the 
distal radius, especially if they extend into soft tissues or are recurrent after extensive surgical 
curettage with subsequent cement or allograft bone packing.1–3 In these grade 3 tumors, the 
cortex is thin and there is soft tissue extension of the tumor, making intralesional curettage chal-
lenging as there is not enough “bone wall” to extend the curettage or contain the cement or bone 
allograft packing.

Reconstructive options following distal radius resection include: wrist arthrodesis by ulnar 
centralization,4,5 vascularized or non-vascularized fibula/iliac autograft6–8; articular reconstruction 
with vascularized or non-vascularized fibular autograft6,8–11; distal radius osteoarticular allograft 
reconstruction12–26; or wrist endoprosthesis.27–32 Reconstruction with autograft, osteoarticular 
allograft or endoprosthesis is used when low activity demand patients prefer a mobile wrist, 
whereas arthrodesis is used for younger patients who desire better grip strength, such as manual 
laborers.2,8,33

There are several studies evaluating the outcomes after osteoarticular allograft reconstruc-
tion of the distal radius but questions regarding longevity and function exist. Additionally, fac-
tors influencing osteoarticular allograft success are not clear because of the infrequency of this 
procedure. Therefore, the aims of this study were to evaluate the rate of preservation of the wrist 
joint, allograft retention, factors associated with reoperation and to report the patient reported 
outcomes after osteoarticular allograft reconstruction.

MATERIAL AND METHODS

After Institutional Review Board approval, we retrospectively identified patients that underwent 
distal radius resection using Current Procedural Terminology codes “25170” (Radical resection for 
tumor, radius or ulna) and “25077” (Excision Procedures on the Forearm and Wrist) for patients 
treated from 1997 until 2015. Additionally, we used a preexisting orthopaedic oncology database34 
at our institution to identify patients that were treated from 1971 until 1997. Nineteen patients 
have been reported previously evaluating oncologic and functional results.16 We included all pa-
tients 18 years and older at time of follow-up of this study that underwent osteoarticular allograft 
reconstruction after distal radius resection (n=34). One patient that underwent hemi-resection 
of the distal radius was excluded. We performed a medical chart review to collect data regard-
ing patient demographics, treatment and tumor characteristics. Postoperative complications 
were based on notes in the medical charts and included infection, mal-/nonunion, radiocarpal 
degenerative changes, carpal instability (including: carpal subluxation and ulnar subluxation), 
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ulnar impaction (including: proximal carpal migration and ulnar impaction) and allograft fracture. 
A recurrence was defined as a histologically confirmed recurrence of the previous tumor either 
locally or regionally. The allograft was considered to have failed if the allograft had to be removed 
surgically. “Preservation of the wrist joint” was defined as the time that the osteoarticular allograft 
lasted without being removed or without being used to complete a wrist arthrodesis. “Allograft 
retention” was defined as the time that the osteoarticular allograft was retained despite wrist 
degeneration or conversion to wrist arthrodesis. Follow up was defined as the time from the date 
of surgery to the date of the last report in the medical charts or date of contacting the patient 
for completion of the questionnaire. For patients who underwent arthrodesis, the last available 
follow up was used as the date defining allograft retention.

Study Population

We included 33 patients with a median age of 32 years (IQR:23-42); twenty patients were 
male (Table 1). Hand dominance was recorded for 27 patients, of which 18 had surgery of the 
dominant wrist. Twenty-seven patients had a diagnosis of a giant cell tumor, four patients had 
an osteosarcoma, one had a chondrosarcoma and one a leiomyosarcoma. Seven patients had 
a pathologic fracture at the time of surgery. All patients had preoperative workup to identify 
distant metastasis and tumor extent including conventional radiographs, computerized axial to-
mography or magnetic resonance imaging. Fourteen patients, all of whom had giant cell tumors, 
underwent surgery for tumor recurrence after initial intralesional curettage. Three patients with 
an osteosarcoma received neoadjuvant chemotherapy (one patient did not receive preoperative 
chemotherapy as diagnosis was not confirmed until after surgical resection), and one patient 
with a soft tissue leiomyosarcoma extending into bone received preoperative radiation. Postop-
eratively, all four patients with an osteosarcoma were treated with chemotherapy and two also 
received radiotherapy due to a close soft tissue margin. Five patients passed away before the 
study was initiated. The median overall follow-up was 8.4 years (IQR:3.7-14.4) and the median 
questionnaire follow-up was 14.4 years (IQR:9.2-39.0).

Surgical procedure

Osteoarticular allografts were selected based on preoperative imaging to match the resected 
segment (Figure 1). All allografts were from a bone bank, handled and stored according to the 
American Association for Tissue Banks standards. Donors of allografts were screened as to donor 
assessment medical history and serologic testing.35 After wide resection of the tumor through 
a volar approach, the allograft was inserted and modified to fit the defect while sutured to the 
corresponding carpal ligaments and capsule on the distal end. The median allograft length was 
6.5 cm (range: 4-15 cm).

A compression plate was used in 25 patients and a locking plate in seven patients (one patient 
had two locking plates) and a combination of plates in one patient. In 28 patients the plate size 
used was retrievable and in 20 patients the number of screws were reported. The compression 
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plates (n=21) that were used were 5-hole (n=1, 4.8%), 6-hole (n=7, 33%), 7-hole (n=1, 4.8%), 
8-hole (n=10, 48%), 9-hole (n=1, 4.8%) and 10-hole (n=1, 4.8%). All screw holes were filled with 
screws, except for one patient where eight of nine screw holes were filled with screws. The lock-
ing plates (n=9) that were used were 6-hole (n=1, 11%), 8-hole (n=3, 33%), 9-hole (n=1, 11%), 
12-hole (n=2, 22%) and 13-hole (n=1, 11%). In the locking plates, only the holes in three plates 
were completely filled, two 8-hole plates and one 6-hole plate, in the remainder a median of 58% 
(range:50-83%) of the screw holes were used. In patients where no information regarding screws 
or plates were retrievable, we know that at least three points of fixation were achieved with the 
construct. A Sauvé-Kapandji procedure was performed in six patients and in one patient additional 
cementation of the allograft was used, based on surgeons’ preference. No additional soft-tissue 
reconstructions or vascularized bone grafting at the junctional site were performed in any patient.

All patients were immobilized in a volar wrist splint for a period of six weeks followed by a 
removable splint for an additional six weeks. No deep venous thrombosis prophylaxis was used 
during the postoperative period unless the patient had a previous history of thromboembolic 

Table 1: Patient demographics (n=33)

Characteristic

Age, median (IQR) 32.4 (23.3-42.2)

Gender, n(%)

Male 20 (61)

Female 13 (39)

Race, n(%) *

Caucasian 25 (89)

Hispanic 3 (11)

Surgery of dominant hand, n(%)**

Yes 18 (67)

No 9 (33)

Smoking, n(%)*** 6 (23)

Diagnosis, n(%)

Giant cell tumor 27 (82)

Osteosarcoma 4 (12)

Chondrosarcoma 1 (3.0)

Leiomyosarcoma 1 (3.0)

Prior intralesional curettage, n(%) 14 (42)

Neoadjuvant treatment, n(%)

Chemotherapy 3 (9.1)

Radiotherapy 1 (3.0)

Adjuvant treatment, n(%)

Chemotherapy 4 (12)

Radiotherapy 2 (6.1)

*n=28 **n=27 ***26
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events or had signifi cant risk factors. Occupati onal therapy was started two weeks aft er surgery 
and gentle acti ve assisted mobilizati on of the wrist was initi ated six weeks aft er surgery. All pa-
ti ents had a weight-lift ing restricti on of fi ve pounds for a period of 12 weeks. All pati ents received 
oral anti bioti c prophylaxis during the fi rst month aft er surgery, Cefalexin 500 mg four ti mes a 
day. In pati ents with penicillin allergies, either Clindamycin or Trimethoprim Sulfa were used. 
Extensive post-operati ve anti bioti c prophylaxis is our insti tuti onal standard and is based on the 
fact that allograft  infecti on occurs mostly 1-4 months post-operati vely.36,37

Pati ent Reported Outcome Measurements

We were able to contact 11 of 28 pati ents who were not deceased (n=5, two GCT, two osteosar-
coma, one chondrosarcoma) at the ti me of executi on of this study, of which one had undergone 
wrist arthrodesis prior to this study (pati ent 32). We were not able to obtain functi onal data in 
seventeen pati ents. Two pati ents refused to parti cipate in the study by not completi ng the study 
questi onnaires while 15 were lost to follow-up. There were no diff erences in age, sex, smoking, 
plate type or allograft  fracture rates when comparing the pati ents that were contacted to those 
that were not contacted. These 11 pati ents (10 GCT and one leiomyosarcoma) completed the 
Quick Disabiliti es of Arm, Shoulder and Hand (qDASH), PROMIS-CA Bank v1.1 Physical Functi on 
and the Toronto Extremity Salvage Score (TESS). The qDASH evaluates pati ent’s disability of the 
upper extremity where a higher score indicates increasing disability. A DASH score of 12.8±15.4 

Figure 1: Giant cell tumor of the distal radius (left ) that has been reconstructed with an osteoarti cular al-
lograft , along with a concomitant Sauvé-Kapandji procedure (middle and right).
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has been reported in the normal non-clinical population.38 The PROMIS-CA Bank v1.1 Physical 
Function evaluates overall physical function and scores are presented as a T-score where a score 
of 50 is the mean and the standard deviation is 10, with a higher score indicating better function. 
The TESS is a questionnaire based on the World Health Organization’s definitions of disability, 
handicap and impairment and assesses the functional outcome after limb-salvage surgery, where 
higher scores reflect better function.39–41 It has been shown to be a better measure to objectively 
evaluate functional outcome compared to the Musculoskeletal Tumor Society (MSTS) score.41 A 
mean TESS score of 72.4±20.7 after upper extremity limb salvage surgery for bone tumors has 
been reported as the most common expected outcome.42

Statistical analysis

Continuous variables were presented as median and interquartile range (IQR). Categorical 
variables were presented as frequency and percentages. We evaluated the association between 
patient-, tumor- and treatment characteristics and reoperation using the Fisher’s exact test for 
categorical variables and Mann-Whitney U test for non-parametric continuous variables. We also 
evaluated the association between allograft fracture and plate type using the Fisher’s Exact test. 
We assessed the association between allograft fracture and conversion to wrist arthrodesis us-
ing Cox’s proportional hazards model. Additionally, we generated a Kaplan-Meier survival curve 
stratified by the presence of an allograft fracture. A p<0.05 was set as level of significance.

RESULTS

Osteoarticular Allograft Outcome

The 5 year and 10-year allograft retention rate were both 89% (Figure 2). The 5 year and 10-year 
preservation of the wrist joint rate were 72% and 62%, respectively. In patients with allograft 
fracture the 5- and 10-year preservation of the wrist joint rate was 52% and 33% compared to 
88% at both 5- and 10-years if no allograft fracture occurred (Hazards ratio: 4.6, SE: 3.1, 95% CI: 
1.2-17.2, p<0.05) (Figure 3).

Eighteen of 33 patients (55%) patients had a reoperation, of which six patients had two reopera-
tions and two patients had three reoperations (Table 2 & Figure 4). One patient underwent 5 reop-
erations, eventually leading to wrist arthrodesis. The most common indication for initial reoperation 
was carpal instability or ulnar impaction (7 patients), followed by allograft fracture (3 patients) and 
soft tissue irritation or pain caused by the implant (3 patients). Eventually, 12 of 33 (36%) patients 
underwent an arthrodesis at a median of 4.2 years (range: 0.9-18.2) (Table 3 & Figure 5).

Thirteen of 33 patients had a metaphyseal or diaphyseal allograft fracture, of which six were 
treated operatively, three with arthrodesis and three with revision of the allograft and fixation 
(Figure 6). The three patients that underwent revision of fixation eventually had an arthrodesis. 
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Compared to locking plates, compression plate fi xati on was associated with a higher rate of 
reoperati on (72% vs. 0%, p<0.05) and allograft  fracture (52% vs. 0%, p<0.05) (Table 4 & Table 5).

Two pati ents with a GCT had local recurrence and one pati ent with a GCT had a regional 
recurrence in the hand. The local recurrences were treated with resecti on and wrist arthrodesis. 
A superfi cial soft  ti ssue infecti on occurred in one pati ent and was treated successfully with oral 
anti bioti cs. Radiographic radiocarpal degenerati ve changes were reported in 19 pati ents, ulnar 
impacti on in 19 pati ents and carpal instability in 18 pati ents when assessing the 33 pati ents.

Figure 2: Kaplan-Meier curve showing the osteoarti cular allograft  retenti on.

Figure 3: Kaplan-Meier curve showing the osteoarti cular allograft  conversion to wrist arthrodesis strati fi ed by 
the presence of an allograft  fracture.
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Figure 4: Flow diagram showing the number of reoperati ons in this study.

Table 2: Reoperati ons

1st	reoperati	on	(n=18)

Indicati on, n(%)

Carpal instability or ulnar impacti on1 7 (39)

Allograft  fracture 3 (17)

Implant irritati on 3 (17)

Recurrence 1 (5.6)

Other 4 (22)

Surgery, n(%)

Arthrodesis 6 (33)

Distal ulna resecti on 5 (28)

Implant removal/revision 3 (17)

Other 4 (22)

2nd	reoperati	on	(n=9)

Indicati on, n(%)

Carpal instability or ulnar impacti on 5 (56)

Allograft  fracture 3 (33)

Recurrence 1 (11)

Surgery, n(%)

Arthrodesis* 4 (44)

Re-fi xati on allograft 4 (44)

Implant removal/revision 1 (11)

3rd	reoperati	on	(n=3)*

Surgery, n(%)

Arthrodesis** 2 (67)

Distal ulna resecti on and allograft  re-fi xati on 1 (33)

1 One pati ent also had ulnar subluxati on, * One pati ent had a total of 5 reoperati ons eventually undergoing 
arthrodesis, ** Pati ent with recurrence also had tumor resecti on
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Pati ent reported outcomes

The 10 pati ents with a preserved wrist joint, had a median Quick DASH of 10.2 (range: 0-52.3), a 
mean PROMIS physical functi on of 57.8 (range: 38.9-64.5) and the median TESS was 95.5 (range: 
67.0-98.4) at a median of 13.0 years (range: 4.0-41.6) postoperati vely (Table 6 & Figure 7). The 
pati ent who completed the surveys aft er wrist arthrodesis had Quick DASH of 31.8, a PROMIS 
physical functi on score of 37 and TESS score of 68.5 at 4.4 years aft er arthrodesis.

Table 3: Outcomes aft er surgery

Characteristi c

Local recurrence, n(%) 2 (6.1)

Reoperati on, n(%) 18 (55)

Arthrodesis, n(%) 11 (33)

Complicati ons, n(%)

Allograft  fracture 13 (39)

Nonunion 4 (12)

Malunion 2 (6.1)

Infecti on 1 (3.0)

Radiographic outcomes, n(%)*

Degenerati ve changes 19 (58)

Ulnar impacti on 19 (58)

Carpal instability 18 (55)

Figure 5: Kaplan-Meier curve showing the ti me to conversion to wrist arthrodesis.
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DISCUSSION

This study evaluated the retenti on rate and factors associated with reoperati on in 33 pati ents that 
underwent distal radius resecti on followed by osteoarti cular allograft  reconstructi on, along with 
pati ent reported outcomes of 10 pati ents with a preserved wrist joint at a median of 13 years 
follow up. Pati ents that had an allograft  fracture had a higher chance of eventually undergoing 
conversion to wrist arthrodesis. The use of a compression plate to fi xate the allograft  was as-
sociated with reoperati ons due to a higher rate of allograft  fractures. Twelve pati ents eventually 
underwent wrist arthrodesis at a median of 4.2 years (range: 0.86-18.2) aft er index surgery, the 
allograft  was retained in 29 of the 33 pati ents.

Figure 6: Pati ent with a diaphyseal fracture of the 
osteoarti cular allograft .

Figure 7: Radiograph showing distal radius osteoar-
ti cular allograft  reconstructi on 28.4 years postopera-
ti vely, with radiocarpal degenerati ve changes with-
out pain. Quick DASH was 4.6, TESS score was 98.4 
and PROMIS physical functi on was 59.7.
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The results of this study must be considered in light of its limitations and strengths. First, this 
study was conducted over a long time-period, with an expectedly high rate of patients lost to fol-
low up. In studies of this type, our research group generally achieves response rates around 50%, 
and response rates of 34% in prospectively enrolled patients have been reported.43 In this study 

Table 4: Factors associated with reoperation

Reoperation P-value

Yes (n=18) No (n=15)

Patient factors

Age, median (IQR) 31.7 (22.8-50.4) 34.9 (24.5-42.2) 0.91*

Gender, n(%) 0.72**

Male 10 (50) 10 (50)

Female 8 (62) 5 (38)

Surgery of dominant hand, n(%)a >0.99**

Yes 11 (61) 7 (39)

No 5 (56) 4 (44)

Smoking, n(%) b 5 (83) 1 (17) 0.20**

Diagnosis, n(%) 0.67**

Giant cell tumor 14 (52) 13 (48)

Other 4 (67) 2 (33)

Prior intralesional curettage, n(%) 0.48**

Yes 9 (64) 5 (36)

No 9 (47) 10 (53)

Surgical factors

Plate type, n(%) <0.05**

Compression 18 (72) 7 (28)

Locking 0 7 (100)

Sauvé-Kapandji, n(%) 0.67**

Yes 4 (67) 2 (33)

No 14 (52) 13 (48)

Allograft length, median (IQR) 6.5 (5.7-8.2) 7.0 (6.3-8.4) 0.53*

* Using Mann-Whitney U test a n=27 b n=26
** Using Fisher’s Exact test

Table 5: Association between allograft fracture and plate type

Allograft fracture P-value

Yes (n=13) No (n=19)

Plate type, n(%) <0.05*

Compression 13 (52) 12 (48)

Locking 0 7 (100)

* Using Fisher’s Exact test
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the response rate was 30%, which was probably on the lower end of the range because of the 
large timeframe over which patients were included. Post-hoc power analysis was performed and 
showed that this study had a power of 73% (α=0.05) to detect a statistical difference in allograft 
fracture rate of 52% between locking and compression plates. Nonetheless, patient reported 
outcomes were collected on 11 patients at 4.0-41.6 years post-operatively. Secondly, due to the 
retrospective study design, we were not able to collect all of the patient demographics, smoking 
status was only retrievable in 79% of patients, hand dominance was retrievable in 82% of the 
patients and race was retrievable in 85%. In addition, there may be a substantial reporting bias as 
patients who completed the surveys may have had a more favorable perception of their outcome. 
Lastly, it was not possible to assess all potential factors, such as adjuvant therapies, influencing 
osteoarticular allograft retention due to the small number of patients.

The rate of local tumor recurrence rate was similar (6.1%) to other studies describing distal 
radial resection for GCT. In a meta-analysis by Liu et al. that combined data on treatment of 139 
distal radius tumors a recurrence rate of 7% after resection was reported.44 Studies reporting on 
osteoarticular allograft reconstruction of the radius after GCT resection have noted recurrence 
rates in the range of 0-6.7%.16,21,23,26

Allograft union takes 6 to 12 months to complete and is initiated by infiltration of reparative 
fibrovascular tissue that matures into haversian bone, along with external callus formation that 
extends from the resected bone along the allograft.24,45–48 It has been proposed that using locking 
plates decreases the incidence of allograft fractures and improve union.49–51 Locking plates are 
less likely to lose fixation compared to compression plating during the long-time period needed 
for allograft union to native bone because of better fixation in osteoporotic bone, unicortical 
screw fixation and fewer screws achieving the same strength.21,52 Fewer screws were used when 

Table 6: Patient reported outcomes after osteoarticular allograft reconstruction (n=10)

Patient
[gender]

Age
Follow up

(years)
Diagnosis TESS PROMIS PF Quick DASH

4 [F] 21.4 39 GCT 95.2 54 9.1

8 [M] 42 26.8 GCT 98.4 59.7 4.5

10 [F] 21 30.8 GCT 96.8 64.5 0

13 [M] 50.4 8.8 GCT 74.2 47.6 20.5

14 [F] 38.4 14.4 GCT 67 41.7 52.3

19 [M] 32.1 11.7 GCT 95.8 60.3 13.6

20 [M] 42.8 11.4 LYMSRC 98.4 59.7 4.5

21 [M] 67.7 4.0 GCT 92.7 38.9 22.7

23 [M] 38.7 9.2 GCT 98.3 59.8 0

29 [F] 16.1 41.6 GCT 94.4 55.9 11.4

Overall,
median (range)

38.5
(16.1-67.7)

13.0
(4.0-41.6)

-
95.5

(67.0-98.4)
57.8

(38.9-64.5)
10.2

(0-52.3)

F: female; M: male; GCT: Giant cell tumor; LYMSRC: Leiomyosarcoma
TESS: Toronto Extremity Salvage Score; PROMIS PF: PROMIS Physical Function
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the allograft was fixated with locking plates compared to compression plates in this study. Ad-
ditionally union may be improved because of periosteal vascular preservation in the host bone 
end.21,52 This hypothesis was supported as patients treated with locking plate fixation had lower 
allograft fracture rates, and subsequently fewer reoperations. Additionally, we noted that all 
nonunions and malunions occurred in patients treated with compression plate fixation; however, 
a statistical analysis was not performed, due to a small sample size.

Chemotherapy can decrease mesenchymal and osteoblastic activity slowing union, and 
radiation may permanently hinder allograft integration.45,53–55 Nonunion occurred in four patients 
of which one patient had undergone neo- and adjuvant chemotherapy. Our study did not have 
adequate power to evaluate chemotherapy as a factor. But from previous investigations from 
our institution, we have documented and established the influence of chemotherapy in delayed 
union of allografts, especially in intercalary reconstruction.55

Allografts are used with caution because of theoretically high infection rates but we found 
our infection rate (1 superficial and 0 allograft infections of 33 patients) to be similar to that 
of other studies, where most reported no infection and one study reported an infection in one 
of nine patients.12–14,16,20,22–26,46 The low infection rate of distal radius allografts may reflect the 
shorter operative time and the use of shorter allografts when compared to the lower extremi-
ties.53 Extensive soft tissue coverage of the distal radius may therefore not be necessary, even 
though it has shown to decrease infections.56

The reoperation rate (55%) and conversion rate to arthrodesis (36%) in this study was higher 
than previously reported.12–14,16,20,22–26,46 These higher rates are most likely due to the longer follow 
up. Five of the 18 reoperations and half of the arthrodeses took place at least four years after 
initial surgery. The median follow up of previous studies ranged from 3.3-8.4 years (median: 4.4 
years) but the definition of final follow-up was not always clearly defined.13,16,21–26 In our study, 
the final follow up (median: 8.4 years) was determined by the last medical chart report at our 
institution or by contacting patients. Additionally, from our experience we know that patients 
generally seek care at our institution if issues regarding tumor surgery arise.

Concomitant Sauvé-Kapandji procedure at time of osteoarticular allograft reconstruction 
allows for the carpal load to be distributed along the distal radius and distal ulna potentially 
reducing volar or ulnar subluxation of the carpus, which was the main reason for arthrodesis 
in this study.25 Additionally, Szabo et al. and Li et al. both suggested that a concomitant Sauvé-
Kapandji procedure can lead to better outcomes than osteoarticular allograft reconstruction 
alone.13,57 However, of the six patients in this series who underwent a Sauvé-Kapandji procedure 
three had carpal instability and one had ulnar impaction, for which two patients eventually went 
on to a wrist arthrodesis. In this study, patients without an Sauvé-Kapandji procedure had a worse 
median quick DASH score (21.6, range: 4.6-53.3), compared to an earlier study on patients who 
underwent a concomitant Sauvé-Kapandji procedure (DASH: 9.5, range: 2-41), due to the small 
number of patients in this study we were not able to show statistical equivalence or difference.25
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The Musculoskeletal Tumor Society (MSTS) functional score for osteoarticular allograft 
reconstruction at short- and mid-term follow up ranged from 75-93% on average.13,23,24,26 Addi-
tionally, average DASH scores range from 8-20.19,20,25 Prior studies have reported ranges of 40-60° 
of extension, 31-56° of flexion, 61-87° of supination, 72-80° of pronation, radial deviation of 15° 
and ulnar deviation of 22° after osteoarticular allograft reconstruction.20,23,24,46,58 Although about 
one-third of patients progressed to arthrodesis, these patients may have benefitted from wrist 
motion before going on to an arthrodesis, based on our clinical experience.59

Wrist arthrodesis after distal radius resection can achieve a grip strength of 75-90% of the un-
affected hand.2,6,8 Two studies reporting on partial wrist arthrodesis reported a flexion-extension 
arch of 60-80°.6,8 In patients who underwent either partial- or complete arthrodesis a forearm 
rotational arch of 113-150° has been described.2,6,8,33 Despite the loss of range of motion, average 
MSTS and DASH scores of 77-96% and 9-20 respectively have been reported, where arthrodesis of 
the dominant wrist is associated with better DASH scores.2,6,33 One must be aware of a nonunion 
rate of 5-21% and a reoperation rate of 30-32% after arthrodesis.2,33

Reconstruction using endoprothesis has been shown to achieve average wrist extension of 
20-40°, wrist flexion of 20-30°, radial deviation of 10°, ulnar deviation of 15-20°, pronation of 
36-60° and supination of 38-46°.29–32 Along with MSTS scores between 74-80%.29,30,32 However, 
complications are common. In a study reporting on 10 patients treated with endoprosthesis, two 
patients developed pain, two patients developed wrist subluxation and one patient developed 
aseptic loosening.29

Fibular autograft arthroplasty may achieve functional MSTS scores that range from 85-
92%6,9,60,61, with an average 31-67° of wrist extension, 31-42° of wrist flexion, 12-14.5° of radial 
deviation, 20° of ulnar deviation, 34-61° of pronation and 13-55° supination.9,60,61 Post-operative 
degenerative changes are commonly seen (57-100%), as is carpal instability (25-42).6,60,62 Only 
one study reported the occurrence of nonunion in two of the twelve patients that were assessed, 
along with transient extensor hallucis longus weakness in nine of these patients after fibula 
harvest.62

In conclusion, the reoperation rate (55%) and conversion rate to arthrodesis (36%) after 
osteoarticular allograft reconstructions was high and the allograft retention rate was 89% at 10 
years. If the wrist joint is preserved, acceptable patient reported outcomes can be achieved. 
In our series, the median time the wrist joint was preserved in patients eventually undergoing 
arthrodesis was 4.2 years (range: 0.9-18.2). Patients may benefit from these years of wrist motion 
with this reconstructive technique at the cost of the possibility of late fusion. Fixation using lock-
ing plates may reduce the revision rate as it was associated with a lower rate of allograft fractures. 
Surgeons may lower their threshold for wrist arthrodesis in patients with an allograft fracture 
when considering a reoperation.
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ABSTRACT

Case: Desmoplastic fibromas are tumors of fibrous tissue that are rarely diagnosed. We present a 
case report of a 27-year old male who presented with pain of the forearm, that was initially diag-
nosed as a muscle strain. Computer tomography guided biopsy revealed a desmoplastic fibroma. 
Consequently, the patient was treated with proximal radius resection followed by reconstruction 
using a vascularized fibula autograft.

Conclusion: At 2-year follow radiographs showed integration of the autograft along with good 
PROMIS Upper Extremity Physical Function, QuickDASH, and range of motion.
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INTRODUCTION

Desmoplastic fibromas are rare benign fibrous tumors leading to local tissue destruction. Patients 
usually present before the age of 30 with a painful mass requiring a radical resection to prevent 
recurrence. This is especially challenging in the upper extremity due to the close vicinity of nerves 
and blood vessels. To maintain arm function, several reconstructive techniques are possible (al-
lografts, vascularized autografts or non-vascularized autografts). In this case report, we describe a 
radical resection of a desmoplastic fibroma of the proximal radius reconstructed with a vascular-
ized fibula autograft.

The patient was informed that the data concerning this case would be submitted for publica-
tion, and he provided consent.

Case Report

A healthy 27-year old, right-hand dominant, male presented with progressive pain of his right 
forearm. His symptoms started three years ago after a minor traumatic injury to his right arm. 
The pain was initially intermittent but became persistent over time. The patient rated it as 3/10 
on a Visual Analogue Scale (VAS). Pronation and supination exacerbated his symptoms. He did not 
report pain at night or the need for analgesics. He had no significant past medical, surgical, social 
or family history. Initial treatment provided by his primary care physician consisted of steroid 
trigger-point injections for a supposed muscle strain with limited relief. The patient moved to a 
new state and was referred to the orthopaedic hand service by his new care provider.

On physical examination, there was a prominence without discoloration on the radial side 
of the right mid-forearm, without tenderness upon palpation. There were no signs of muscular 
atrophy or muscle weakness. There were no palpable lymphadenopathies in the epitrochlear 
or axillary area. Motor and sensory function of the ulnar, radial and median nerve were intact. 
The radial and ulnar pulses were both palpable. Range of motion of the elbow ranged from full 
extension (0°) to 130° of flexion and 70° of supination to 80° of pronation. The QuickDASH score, 
obtained as part of standard clinical practice, was 15.9.

Conventional radiographs, antero-posterior and lateral views, and MRI scan with and 
without intravenous contrast of the right forearm were obtained. The conventional radiographs 
showed an aneurysmal-like lesion, lytic and with multiple thick septations with a well-defined 
geographic boundary in the proximal third of the radius (Fig. 1). There was no pathologic fracture. 
The MRI showed an expansile osseous lesion (3.7-× 3.0- × 8.4-cm) with lobulated margins without 
extraosseous extension, and no neurovascular invasion (Fig. 2). The lesion was hypointense on T1 
sequences and had a heterogenous hyperintense signal in T2 sequences. There was no evidence 
of fluid-fluid levels. Distribution of contrast was heterogenous on T1 fat-suppressed sequences 
after gadolinium injection.
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A CT-guided core biopsy of the lesion was performed preoperati vely for histological diagnosis. 
Microscopically, the secti ons showed a fi brous to fi bro-osseous lesion composed of fi broblast-like 
cells arranged in a fascicular to storiform patt ern with varying degrees of hypercellularity (Fig. 3). 
Many areas showed mixed fi brous and osseous components with woven bone formati on lacking 
surrounding osteoblasts. Within the fi brous areas with abundant collagen depositi on, there was 
expansile growth by the fi broblasti c component. There were hypercellular spindle-shaped nuclei 
showing plumper cells with less surrounding collagen depositi on and intermixture of osteoclast-
type giant cells. No cytological atypia was observed. There were only rare mitoti c fi gures and 
scatt ered apoptoti c cells were identi fi ed. Immunohistochemical profi ling showed tumor cells 
that were negati ve for MDM2 and CDK4. Added to that, the fl uorescence in situ hybridizati on 
(FISH) and next-generati on DNA sequencing failed to show MDM2 amplifi cati on or other targeted 
mutati ons. The diagnosis desmoplasti c fi broma of the proximal radius was made and surgery was 
elected.

Figure 1: Lateral radiograph of the right forearm showing desmoplasti c fi broma of the proximal radius.

Figure 2: MRI scan of the right forearm A) T1-weighted B) T2-weighted C) T1-weighted aft er intravenous 
gadolinium.
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A wide margin resecti on with intraoperati ve frozen-slides to confi rm negati ve margins was 
performed. The radial head was preserved and an 8.5 cm defect remained. Due to the size of the 
defect a vascularized fi bular graft  reconstructi on was selected, anastomosing the peroneal artery 
to a proximal branch of the radial artery. We felt that using the vascularized graft  would increase 
the chances of healing at both juncti ons compared to a non-vascularized graft . The bone graft  was 
proximally fi xed with a web plate and distally with a T-plate (Biomet, Warsaw, Indiana, USA). The 
biceps tendon was reinserted into the fi bula using suture anchors (Mitek Quickanchor GII, DePuy 

Figure 3: Histologic changes showing desmoplasti c fi broma in H&E stain A) medium power microscopy B) high 
power microscopy

Figure 4: Lateral postoperati ve radiographs the right forearm A) directly postoperati ve B) at 2 years follow-up.
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Synthes, West Chester, Pennsylvania, USA) (Fig. 4). The bowing of the radius was sacrifi ced due 
to the intercallary nature of the reconstructi on. However, to ensure that rotati on was restored, 
the bicipital reinserti on to the fi bula was ulnar and the radial styloid was lateral on anteroposte-
rior view during intraoperati ve fl uoroscopy. All margins were negati ve for tumor cells.

No postoperati ve peroneal palsy or ankle instability was noted, nor were any other complica-
ti ons at the level of the forearm or donor site. Aft er nearly one year, the postoperati ve QuickDASH 
score was 13.6 and aft er 2 years this decreased to 2.7. The Pati ent-Reported Outcomes Measure-
ment Informati on System (PROMIS) Upper Extremity Physical Functi on Short Form T-score was 
42 (where 50 is the average for the U.S. general populati on). The outcome aft er 24 months of 
follow-up showed no recurrence with integrati on of the fi bular bone graft  with an elbow fl exion 
of 135° and extension of 0° along with forearm pronati on of 70° and supinati on of 60° (Fig. 5). 
Besides forearm supinati on, all other moti ons improved or remained the same compared to pre-
operati vely. Additi onally, at the distal graft -radius juncti on fi xati on screws were palpable under 
the extensor muscles, but this was not the cause of restricted supinati on. The pati ent conti nues 
on an annual basis clinical and radiographic follow up.

Figure 5: Range of moti on at 2-year follow-up A+B) supinati on C+D) pronati on E+F) fl exion/extension.
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DISCUSSION

This case-report showed a patient with the typical age and symptoms of a desmoplastic fibroma 
(DF) of the proximal radius. On conventional radiographs the lesion had features of a lytic bone le-
sion. Typical features for a DF are cortical aneurysmal expansion, thick pseudotrabeculation, and 
a narrow zone of transition.1 There was no cortical breakthrough. To confirm the diagnosis a CT 
guided biopsy was performed. This showed a fibro-osseous lesion with fibroblastic and collagen 
components, without cellular atypia. With the knowledge of the aggressive local behaviour and 
high recurrence rates, wide resection with negative margins with intraoperative frozen sections 
was planned.

Desmoplastic fibromas are benign, locally aggressive, collagen producing tumors that were 
first described by Jaffe et al. in 1958.2 They are extremely rare with an estimated incidence of 2.5 
patients per 100 million people per year.3 Approximately three-quarters of the patients present 
within their first three decades of life, without gender predilection.4–6 Patients usually present 
with a painful mass.4,7 The most common locations are the long bones and the mandible, where 
tumors typically arise from the metaphysis.1,4,8 The aetiology is unknown but a possible relation-
ship between prior trauma and hormonal dependence has been proposed.9 Furthermore, an 
association with trisomy 8 and/or 20 has been described.10 Treatment options are intralesional 
curettage or resection, where the latter is the preferred treatment method due to lower recur-
rence rates.3,11 Overall, recurrence rates of 15.4-72% have been reported.3–5,12,13 Evans et al. 
showed that soft-tissue invasion was associated with higher recurrence rates.3 When tumors are 
inoperable, radiotherapy can reduce pain and prevent tumor progression.14

There have been three cases reported in the literature documenting DF of the radial 
shaft.3,15,16 In these reports, the radial shaft defect was reconstructed by a vascularized fibular 
autograft (n=1) or non-vascularized fibular autograft (n=2). A study by Giessler et al., written in 
German, described a 16-year old patient that had vascularized fibular autograft reconstruction 
of an 11 cm large defect of the radial shaft, reporting pronation and supination of 80° and 45° 
respectively.15 Both other studies did not elaborately describe the patient outcomes after non-
vascularized fibular autograft reconstruction.3,16 Therefore, this case report adds to the English 
literature on desmoplastic fibroma by describing the presentation, diagnostics, treatment and 
outcomes of a patient with a proximal radius DF.

On conventional radiographs, DF are aneurysmal lytic bone lesions, similar to giant cell 
tumors, aneurysmal bone cysts, solitary bone cysts, haemangiomas, fibrous dysplasia, nonos-
sifiying fibromas and chondromyxoid fibromas.8 Computerized tomography scans are preferred 
to evaluate cortical breakthrough, present in 23-29% of the DF’s, and its presence should alert 
for a malignancy.3 MRI scans are used to assess soft tissue extension, showing that most lesions 
are confined to the intramedullary space and cortical bone. On T1-weighted images lesions show 
low- to intermediate intensities and a heterogeneous hyperintense signal in T2-weighted images.8 
Due to the high fibrous composition of these tumors, T2 weighted images may also show areas 
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of low intensity.17 These features are similar to extra-abdominal desmoid tumors. Intravenous 
contrast with gadolinium shows a non-homogenous signal distribution due to pseudotrabecula-
tion, varying hypocellular zones, dense fibrous tissue and collagen depositions.

Histopathologically, DFs show slender fibroblastic to stellate cells in an abundant collagenous 
matrix.18 Mitotic figures are scarce and rarely there may be deposition of osteoid or chondroid 
matrix, especially with recurrent DF, making distinction from fibrous dysplasia difficult. There are 
no specific immune-histochemical markers for DF. There is histologic overlap between DF and 
desmoid-type fibromatosis with regard to histology and epidemiology.18 But, DF lacks mutations 
in the APC/b-catenin pathway.18 Additionally, desmoid tumors are more common in females. A 
further important histological differential diagnosis is a low-grade fibrosarcoma of bone as these 
also show collagen rich matrix.19 Added to that, low-grade central osteosarcoma with little cyto-
logical atypia can be mistaken for desmoplastic fibroma.20

This case report represents a young male with a desmoplastic fibroma of the proximal radius 
that was successfully treated with wide resection and vascularized fibular autograft reconstruc-
tion. In this case the patient had good functional outcomes despite restricted supination.
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ABSTRACT

Background: Desmoid tumors of the extremities often present with pain and functional limita-
tions. The treatments themselves can lead to morbidity, and recurrence of these tumors is com-
mon. The impact of treatment with respect to traditional “oncologic” metrics (such as recurrence 
rate) has been studied extensively, with a shift in recent years away from local therapies as first-
line management; however, little is known about the association between treatment modality 
and long-term functional outcomes for patients with this benign disease.

Questions/purposes: In a retrospective review of consecutive patients treated at two institu-
tions, we asked: (1) Is event-free survival (EFS) different between patients who undergo local 
treatment and those who do not for primary as well as for recurrent desmoid tumors? (2) What 
treatment-related factors are associated with worse Patient-reported Outcomes Measurement 
Information System (PROMIS) function scores at a minimum of 1 year after treatment?

Methods: Between 1991 and 2017, 102 patients with desmoid tumors of the extremities (exclud-
ing those of the hands and feet) were treated at two institutions; of those, 85 patients with 90 tu-
mors were followed clinically for at least 1 year (median [range] 59 months follow-up [12 to 293]) 
and were included in the present analysis. We attempted to contact all patients for administration 
of PROMIS function (Physical Function Short Form [SF] 10a and Upper Extremity SF v2.0 7a) and 
Pain Interference (SF 8a) questionnaires. Complete survey data with more than 1-year follow-up 
were available for 46% (39 of 102) of patients with 40 tumors at a median of 125 months follow-
up; only these patients were included in PROMIS data analyses. Though there was no formal 
institutional treatment algorithm in place during the study period, surgical resection typically was 
the preferred modality for primary tumors; radiation therapy and systemic treatments (including 
cytotoxic or hormonal agents earlier in the study period, and tyrosine kinase inhibitors later) 
were often added for recurrent or very symptomatic disease. We coded treatment for each 
patient into discrete episodes, each defined by a particular treatment strategy: local treatment 
only (surgery and/or radiation), systemic treatment only, local plus systemic treatment), or ob-
servation; treatment episodes rendered at other institutions (that is, before referral) were not 
included in the analyses. Treatment failure was defined as recurrence after surgical resection, or 
clinically significant radiologic and/or symptomatic progression after systemic treatment, and EFS 
was defined as time from treatment initiation to treatment failure or final follow-up. Episodes of 
treatment for recurrent tumors were analyzed in a pooled fashion, wherein discrete treatment 
episodes for patients with multiple recurrences were included separately as independent events. 
We analyzed 56 primary tumors (54 patients), and 101 discrete treatment episodes for recurrent 
tumors (88 patients). Kaplan-Meier survival curves were constructed separately for the primary 
and recurrence cohorts, both comparing EFS among patients who received any local treatment 
(local treatment and local plus systemic treatment groups) versus those who did not (systemic 
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treatment and observation groups). PROMIS function data were analyzed on the bases of patient- 
and treatment-specific variables, including the PROMIS Pain Interference score as a potential 
explanatory variable.

Results: Within both the primary and recurrence cohorts, there were no differences between 
the local treatment, systemic treatment, and local plus systemic treatment groups with respect 
to gender, age, axillary/hip girdle location, or tumor volume. Among primary tumors, 5-year EFS 
was 44% (95% CI 24 to 80) for the systemic-only group versus 15% (95% CI 5 to 44) for the local 
treatment group (p = 0.087). Within the pooled recurrence treatment episode cohort, 5-year EFS 
after systemic-only treatment was 70% (95% CI 52 to 94) versus 56% among patients receiving 
any local treatment (95% CI 44 to 70; p = 0.46). PROMIS function scores were lowest among 
patients who underwent two or more resections (39 versus 51 versus 47 for 2 plus, 1, and 0 
resections, respectively; p = 0.025); among those who received both surgery and radiation at any 
point, either concurrently or in separate treatment episodes, as compared with those who did 
not (39 versus 46; p = 0.047); and among those with higher levels of pain interference (38 versus 
47 for pain interference scores > 50 versus < 50; p = 0.006).

Conclusions: Patients treated with local modalities (surgery and/or radiation, with or without 
additional systemic therapy) did not experience improved EFS as compared with those treated 
without local modalities; this was the case for both the primary and the recurrent tumor cohorts. 
However, PROMIS function scores were lowest among patients who underwent two or more 
surgical interventions and among those treated with surgery and radiation at any time, suggest-
ing that more aggressive local treatment may be associated with poorer long-term functional 
outcomes. Prospective collection of patient-reported outcomes data at multiple time points will 
allow for more direct correlations between treatment modality and impact on function and will 
help to elucidate the ideal management strategy for these benign but often-symptomatic tumors.
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INTRODUCTION

Desmoid tumors of the extremities often present with pain and functional limitation, but treat-
ment can lead to morbidity and recurrence is common. The array of potential therapeutic options 
is wide, and substantial variability exists across health care providers and specialties, complicating 
comparisons of treatment strategies. Historically, management has consisted of aggressive surgi-
cal treatment to achieve a cure. Many authors [1, 16, 17, 24, 26]—though not all [8, 21]—have 
emphasized the need for wide surgical resection with disease-free margins, if possible. Adjuvant 
radiation therapy was also previously touted as beneficial with respect to local control [1, 7, 9, 
17, 22, 24]. More recent reports [3, 5, 19, 21], however, including consensus guidelines from 
European sarcoma working groups [10, 11], have advocated for a “wait-and-see” observational 
approach as the first-line desmoid tumor management or for initiation of systemic therapy before 
surgery or radiation [23].

The study of these tumors is further hampered by the limitations of conventional oncologic 
outcome assessments. Evaluations of survival and recurrence rates alone do not capture long-
term functional outcomes; this is a critical “blind spot” in our assessment of treatment for this 
benign disease. To our knowledge, no prior large study has explicitly examined the associations 
between treatment and patient-reported function metrics.

Therefore, we asked: (1) Is event-free survival (EFS) different between patients who undergo 
local treatment and those who do not for primary and for recurrent desmoid tumors? (2) What 
treatment-related factors are associated with worse PROMIS function scores at a minimum of 1 
year after treatment?

PATIENTS AND METHODS

Study Design and Setting

With the approval of our institutional review board, we retrospectively evaluated data on patients 
treated for desmoid fibromatosis of the upper and lower extremities between 1991 and 2017 
at two affiliated quaternary-care cancer centers. We identified these patients using a registry 
search tool based on International Classification of Diseases, 9th and 10th Edition codes, as well 
as free text from pathology reports. Patients with tumors of the axilla and buttock/hip girdle 
were included and those with tumors of the hand and foot were excluded. Patients with intra-
peritoneal, chest wall, and abdominal wall tumors were also excluded because tumors in these 
locations may have a less direct impact on physical function. Additionally, we excluded patients 
who did not have at least 12 months of oncologic-specific clinical follow-up from the time of initial 
presentation to our institutions.

Clinical data, including demographics, radiologic variables, treatment details, and outcomes 
data, were collected via record review. We calculated tumor volumes as the product of tumor 
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dimensions measured with available imaging, or as specified in pathologic and/or radiologic 
reports. The tumor depth (superficial versus deep to fascia) and direct tumor involvement of 
major peripheral nerves at the time of presentation to our institution were noted based on opera-
tive reports, radiology reports, and direct review of imaging, where appropriate. In patients who 
underwent surgical resection, microscopically negative margins were considered negative, while 
all other margins were considered positive.

Definition of Treatment Groups and Episodes

Though there was no formal treatment algorithm in place at our institutions during the study 
period, surgical resection was typically the preferred modality for primary tumors. Radiation 
therapy was often added for recurrent disease, particularly in the early portion of the study 
period. Use of systemic therapy, most often for recurrent or very symptomatic disease, was more 
likely to include cytotoxic chemotherapy or hormonal agents earlier in the study period, and more 
likely to include tyrosine kinase inhibitors later.

To answer our first question, we coded treatment and outcomes data for each patient into 
discrete treatment episodes, each defined by a treatment strategy: local treatment only (surgery 
and/or radiation), systemic treatment only, or local plus systemic treatment. Patients who were 
only observed were included in the systemic treatment group for survival analyses.

Treatment success was defined as absence of disease after gross total surgical resection, or 
radiologically and clinically stable disease after systemic treatment or after radiation as definitive 
local treatment. Treatment failure was defined as recurrence after gross total surgical resection, 
or radiologic and/or symptomatic progression after systemic treatment (or definitive radiation), 
requiring a change in treatment strategy. Retrospective determination of tumor recurrence was 
based on radiologic findings and the associated documentation of treating physicians; determi-
nation of clinically significant radiologic and/or symptomatic progression requiring a change in 
treatment strategy, for the purpose of assessment of “treatment failure,” relied on review of 
the contemporaneous assessments of treating physicians, as documented in the record. EFS was 
defined as the time from treatment initiation to treatment failure, as defined above, with censor-
ship at the final follow-up examination if no failure occurred. For treatment episodes involving 
systemic therapy, changes in drug selection, drug holidays, or interruptions to drug administration 
were not considered treatment failure or new treatment episodes, as long as medical therapy 
was subsequently continued without local treatment. Systemic therapies included prolonged 
and/or high-dose regimens of NSAIDs (such as sulindac), hormonal agents (including tamoxifen), 
targeted chemotherapeutics (such as imatinib), and cytotoxic chemotherapeutics. Radiation 
therapy consisted of preoperative, intraoperative, postoperative, and/or definitive treatments. 
Surgical biopsies were not considered discrete treatment episodes.

We assessed the outcomes of treatment of recurrent tumors by pooling all such treatment 
episodes. Treatment episodes for patients who had recurrent tumors at the initial presentation at 
our institutions were included, as were treatment episodes for recurrence after failure of primary 
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tumor treatment at our institutions. Individual patients with multiple treatment episodes for 
recurrence, therefore, might be included multiple times.

Acquisition of Patient-reported Functional Data

To answer our second question, we attempted to contact all included patients via direct clinic con-
tact or via postal mail and a minimum of two telephone calls to administer the Patient-reported 
Outcomes Measurement Information System (PROMIS) Physical Function Short Form 10a the 
PROMIS Upper Extremity Short Form version 2.0 7a (for patients with upper extremity tumors), 
and the PROMIS Pain Interference Short Form 8a. PROMIS instruments are calibrated such that 
a score of 50 corresponds to the normative mean for the general population, with a SD of 10; 
higher Upper Extremity and Physical Function scores correlate with better function; higher Pain 
Interference scores correlate with more severe pain.

Participants

The registry search, as described above, identified 1062 potential desmoid tumor cases in our 
institutional medical record system; these were subsequently evaluated via a manual record 
review. We excluded the following cases: those for which final pathologic analysis was not con-
sistent with a desmoid tumor (91); those for patients treated clinically at another institution: for 
example, one-time “second opinion” or pathology review-only at our institutions (346); tumors 
located in the chest wall, abdominal wall, back, or head/neck regions (276);  intrathoracic or 
intraabdominal tumors (224); palmar or plantar tumors (18); and those for patients with insuf-
ficient clinical follow-up (17).

We therefore included 85 patients with 90 tumors, with 59-month median (range) clinical 
follow-up (12 to 293). Among 56 primary tumors in 54 unique patients, 64% (36 patients) were 
treated with local treatment only: surgery plus radiation in one patient and surgery alone in the 
remainder. Twenty-five percent of tumors (14) were treated with systemic treatment alone and 
9% (five) were treated with local plus systemic treatment; only one tumor was managed with 
observation alone (Table 1).

The medications administered to patients in the systemic treatment and local plus systemic 
treatment groups varied widely, and included traditional cytotoxic chemotherapeutics for six 
tumors in the systemic treatment group and three tumors in the local plus systemic treatment 
group; tyrosine-kinase inhibitors (six in the systemic treatment and one in the local plus systemic 
treatment); aromatase inhibitors (five in the systemic treatment and none in the local plus sys-
temic treatment); and high-dose NSAIDs (three in the systemic treatment and two in the local plus 
systemic treatment). Many patients were treated with multiple classes of systemic agents (Table 
2). The mean numbers of total lifetime desmoid tumor-related surgeries (including resections 
and surgeries for complications) were 2.7 in the local treatment, 1.2 in the local plus systemic 
treatment, and 0.8 in the systemic group.
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Table 1: Demographic, tumor-specific and treatment variables for primary tumors

Variable   
Local
only 

Systemic
only 

Local plus
systemic Observation

(n=1)
(n=36) (n=14) (n=5)

Number of unique patients 36 12 5 1

Male (n, %) 12 (33) 10 (71) 2 (40) 0

Age (years), mean (range) 36 (8-60) 27 (9-49) 37 (22-47) 58

Location (n, %)  

Forearm 1 (3) 0 (0) 0 (0) 1

Upper arm 7 (19) 5 (36) 2 (40) 0

Axilla 4 (11) 1 (7) 0 (0) 0

Buttock/hip girdle 10 (28) 1 (7) 0 (0) 0

Thigh 6 (17) 6 (43) 2 (40) 0

Lower leg 8 (22) 1 (7) 1 (20) 0

Multifocal (n, %) 2 (6) 5 (36) 1 (20) 0

Associated conditions (n, %)  

Gardner’s syndrome 0 (0) 3 (21) 0 (0) 0

Peripartum 0 (0) 0 (0) 0 (0) 0

Deep to fascia (n, %) 27 (75) 10 (71) 4 (80) 0

Direct nerve involvement (%)a 11 (31) 7 (50) 2 (40) 0

Tumor volume (cm3), median (range)a 83 (1-2040) 145 (7-978) 238 (23-1015) 1

Radiation (n, %)b 1 (3) 0 (0) 0 (0) 0

Dose (Gy), mean 50 

Surgery (n, %) 36 (100) 0 (0) 5 (100) 0

R0 resectiona 14 (40) 2 (40)

Systemic treatment (n, %) 0 (0) 14 (100) 5 (100) 0

Duration (months), median (range)b 15 (7-104) 15 (7 to 36)

Outcome of primary treatment episode (n, %)  

No evidence of disease 8 (22) 0 (0) 4 (80) 0

Disease stability 0 (0) 5 (36) 0 (0) 1

Recurrence/disease progression 28 (78) 9 (64) 1 (20) 0

Time to treatment failure (months), 11 (3-41) 21 (4-109) 53

median  (range)

Final follow-up duration (months), median (range) 65 (12-277) 54 (20-186) 48 (15-112) 41

Outcome at final follow-up (n, %)  

No evidence of disease 25 (69) 4 (29) 3 (60) 0

Disease stability 9 (25) 10 (71) 2 (40) 1

Recurrence/disease progression 2 (6) 0 (0) 0 (0) 0

Total number of treatment episodes, mean  (range) 2.1 (1-4) 1.9 (1-3) 1.2 (1-2) 1

Total number of surgical resections, mean (range) 1.8 (1-4) 0.6 (0-2) 1 0

Total number of desmoid-related surgeries, mean (range) 2.7 (1-13) 0.8 (0-3) 1.2 (1-2) 0

aMissing data in local only group: nerve involvement (1), tumor volume (1), margin status (1). 
Missing data in systemic only group: duration of medical therapy (1). bRadiation therapy in LT group: neoad-
juvant (1).
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There were 101 discrete treatment episodes for recurrent tumors, including 60 episodes of 
local treatment, 24 episodes of systemic treatment, 15 episodes of local plus systemic, and two 
observation episodes (Fig. 1). Concurrent radiation and surgery were used far more frequently 
in the recurrent tumor local treatment group than in the primary tumor local treatment group: 
43% versus 3% (Table 3). As was the case for primary tumors, drug regimens in the systemic 
treatment and local plus systemic treatment groups were diverse, including traditional cytotoxic 
chemotherapeutics (nine tumors in the systemic treatment group and five tumors in the local plus 
systemic treatment groups); tyrosine-kinase inhibitors (seven in the systemic treatment group 
and two in the local plus systemic group); aromatase inhibitors (eight in the systemic treatment 
and four in the local plus systemic treatment); and high-dose NSAIDs (14 in the systemic treat-
ment and five in the local plus systemic treatment) (Table 4). All but 29 episodes of treatment for 
recurrence were initiated within 5 years of the initial diagnosis of desmoid tumor, and all but 11 
were initiated within 10 years of diagnosis (Fig. 2).

Within both the primary and recurrent cohorts, there were no differences between local 
treatment, systemic treatment, and local plus systemic treatment, respectively, in terms of male 
gender (primary: 33%, 71%, and 40%; p = 0.05; recurrence: 38%, 38%, and 47%; p = 0.84), age 
at diagnosis (primary: 36, 27, and 37 years; p = 0.10; recurrence: 35, 32, and 22 years; p = 0.68), 
axillary/hip girdle tumor location (primary: 39%, 14%, and 0%; p = 0.11; recurrence: 42%, 46%, 
and 20%; p = 0.24), or tumor volume at treatment (primary: 83, 145, and 238 cm3, p = 0.73; 
recurrence: 82, 141, and 129 cm3; p = 0.68).

Table 2: Details of systemic therapy for treatment of primary tumors by treatment group

Systemic onlya Systemic plus locala

Doxorubicin (7) Doxorubicin (3) -> vinorelbine (4)

Doxorubicin (7) ->  sorafenib (12) Imatinib (4) -> doxorubicin (5) -> sorafenib (27)

Hydroxyurea (7) -> sorafenib (13) Vinorelbine plus methotrexate (24)

Imatinib (96) -> sorafenib (8) Sulindac (15)

Imatinib (10) Sulindac (14)

Imatinib (4) -> doxorubicin (5)

Sorafenib (4) -> gamma-secretase inhibitor (16)

Sulindac plus tamoxifen (3)

Sulindac plus tamoxifen (3)

Sulindac plus tamoxifen (3)

Tamoxifen (9) -> doxorubicin (6)

Vinblastine plus methotrexate (7) -> vinorelbine (10) -> tamoxifen (17) -> 
doxorubicin (4)

Vinblastine plus methotrexate (12)

Unknown

aDrug name (duration of treatment in months). Changes in drug regimen are denoted by “->”.
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Complete survey data was available for 48% (41 of 85) pati ents whose records were reviewed; 
of the 44 pati ents without complete survey data, three lived outside the United States, one was 
deceased, one declined to parti cipate, one did not speak English, and the remainder could not be 
contacted. Survey data for two pati ents were excluded for survey follow-up less than 12 months, 
leaving data for 40 tumors in 46% (39) of pati ents (Table 5). Surveys were completed at a median 
of 125 months (range 14 to 304) aft er treatment was initi ated at our insti tuti ons.

Within the survey-respondent cohort, 93% (37 of 40) underwent at least one surgery, includ-
ing 55% (22) who also received radiati on at some point in their treatment; mean numbers of 
surgical resecti ons and total desmoid-related surgeries (including those for complicati ons) at any 

Figure 1: This fl owchart demonstrates treatment “pathways” for pati ents included in the study. OSH = outside 
hospital. a Two additi onal pati ents referred from OSH for evaluati on of reported recurrence were deemed at 
our insti tuti ons not to have recurrent tumors, and therefore were not included in the pooled recurrence treat-
ment episode analysis. b Included one pati ent treated with observati on alone. cIncluded two pati ents treated 
with observati on alone.
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insti tuti on were 2.1 and 3.1, respecti vely. In comparison, among those not included in the survey 
cohort, 88% (42 of 48) were treated with surgery, including 29% (14) who received radiati on as 
well; mean numbers of surgical resecti ons and total desmoid-related surgeries were 1.6 and 2.0, 
respecti vely.

Stati sti cal Analysis

Within both the primary and recurrence cohorts, we used Kruskal-Wallis and Fisher’s exact 
tests, as appropriate, to compare the local treatment, systemic treatment, and local plus sys-
temic treatment groups based on gender, age, axillary/hip girdle locati on, and tumor volume. We 
constructed Kaplan-Meier survival curves demonstrati ng EFS on the bases of broad treatment 
categories (any local therapy [including local treatment and local plus systemic treatment groups] 
versus no local therapy [systemic treatment and observati on groups]), for both the primary and 
pooled recurrence cohorts.

We analyzed response data collected through pati ent-reported outcome instruments with 
nonparametric tests, as appropriate. We assessed functi onal outcomes metric data by merging 
the results of the PROMIS Physical Functi on and PROMIS Upper Extremity questi onnaires. The 
former was used for pati ents with lower extremity tumors, while the latt er were used for pati ents 
with upper extremity tumors. PROMIS Pain Interference data, which have been shown to refl ect 
coping ability and, in turn, impact physical functi on [4, 13], were analyzed as a potenti al explana-
tory variable with respect to functi on data.

We considered p values below 0.05 to be signifi cant, and performed all stati sti cal analyses 
using RStudio (version 1.0.153; R Foundati on for Stati sti cal Computi ng, Vienna, Austria).

Figure 2: This histogram shows ti me from initi al desmoid diagnosis to initi ati on of recurrence treatment di-
agnosis.
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Table 3: Demographic, tumor-specific, and treatment variables for recurrent tumors (pooled treatment episodes)

Variable  

Local
only 

Systemic
only 

Local plus
systemic 

Observation 

(n = 60) (n = 24) (n = 15) (n = 2)

Number of unique patients 50 23 13 2 

Male (n, %) 23 (38) 9 (38) 7 (47) 1

Age at diagnosis (years), mean (range) 35 (8 - 62) 32 (8 - 53) 22 (7 - 52) 22 (7 - 38)

Time between diagnosis and episode (months), median 24 44 28 128

Location (n, %)

Forearm 3 (5) 1 (4) 2 (13) 0

Upper arm 18 (30) 5 (21) 3 (20) 0

Axilla 10 (17) 2 (8) 1 (7) 0

Buttock/hip girdle 15 (25) 9 (38) 2 (13) 0

Thigh 10 (17) 2 (8) 4 (27) 2

Lower leg 4 (7) 5 (21) 3 (20) 0

Multifocal (n, %) 8 (13) 2 (8) 5 (33) 0

Associated conditions (n, %)  

Gardner’s syndrome 2 (3) 0 (0) 0 (0) 0

Peripartum 0 (0) 0 (0) 0 (0) 0

Deep to fascia (n, %)a  51 (86) 21 (88) 14 (93) 1

Tumor volume (cm3), median (range) a 82 (3 - 3884) 141 (3 - 1252) 129 (12 - 4073) 2

Initial treatment at OSH (n, %) 25 (42) 9 (38) 9 (60) 2

Local treatment strategy (n, %)  

Surgery alone 29 (48) 0 (0) 9 (60) 0

Radiation alone 5 (8) 0 (0) 1 (7) 0

Surgery plus radiation 26 (43) 0 (0) 5 (33) 0

Radiation (n, %)b 31 (52) 0 (0) 6 (40) 0

Dose (Gy), mean a 54 54 

Surgery (n, %) 55 (92) 0 (0) 14 (93) 0

R0 resectiona 18 (33) 4 (29) 

Systemic treatment (n, %) 0 (0) 24 (100) 15 (100) 0

Duration (months), median (range) a  29 (2 - 96) 26 (4 - 85)

Outcome of treatment episode (n, %)  

No evidence of disease 32 (53) 3 (13) 7 (47) 0

Disease stability 6 (10) 13 (54) 3 (20) 2

Recurrence / disease progression 22 (37) 8 (33) 5 (33) 0

Time to treatment failure (months), median (range) 14 (4 - 85) 33 (3 - 97) 39 (11 - 49) 

Episode f/u duration (months), median (range) 46 (0 - 293) 68 (1 - 211) 102 (36 - 268) 58 (21 - 96)

aMissing data in local only group: tumor volume (3), depth (1), margin status (1). Missing data in local + sys-
temic group: radiation dose (4), duration of medical therapy (3). Missing data in observation group: tumor 
volume (1). bRadiation therapy in LT group: neoadjuvant, 13; adjuvant, 8; neo- and adjuvant, 2; brachytherapy, 
2; neoadjuvant + brachytherapy, 1; definitive, 5. Radiation therapy in L+ST group: neoadjuvant, 2; adjuvant, 
3; definitive, 1.
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RESULTS

Event-Free Survival Among Patients Who Undergo Local Treatment and Those Who 
Do Not, for Primary and for Recurrent Tumors

Five-year EFS did not differ between patients who underwent local treatment (surgery and/or 
radiation) as compared with those who did not. Within the primary tumor cohort, 5-year EFS was 
44% (95% CI 24 to 80) for the systemic-only group versus 15% (95% CI 5 to 44) for the local treat-

Table 4: Details of systemic therapy for treatment of recurrent tumors (pooled treatment episodes) by treat-
ment group

Systemic onlya Systemic plus locala

Colchicine (1) ->  doxorubicin (4) -> vinorelbine (9) -> gamma 
secretase inhibitor (18)

Colchicine, tamoxifen, sulindac, celecoxib (72 total)

Doxorubicin (6) -> imatinib (22) -> doxorubicin (7) -> beta-catenin 
inhibitor (1)

Doxorubicin (12)

Doxorubicin plus vinorelbine (4) Doxorubicin (4) -> vinorelbine (24)

Doxorubicin (12)
Doxorubicin (9) -> gamma secretase inhibitor (6) -> 
doxorubicin (9)

Imatinib (10) -> tamoxifen + sulindac (9) Sorafenib (27)

Gamma secretase inhibitor (12) Sulindac (85)

Sorafenib (12) -> doxorubicin (5) -> tamoxifen plus sulindac (30) -> 
doxorubicin (3)

Sulindac (9)

Sorafenib (33) -> doxorubicin (10) Sulindac (NA)

Sulindac (3) Sulindac + tamoxifen (20) -> hydroxyurea (50)

Sulindac (3) Tamoxifen (36)

Sulindac (24) Tamoxifen (4)

Sulindac (27) Vinblastine plus methotrexate (11)

Sulindac (32) Vinblastine plus methotrexate (4)

Sulindac (66) Not reported

Sulindac (91) Not reported

Sulindac plus colchicine (27)

Sulindac plus tamoxifen (2)

Sulindac plus tamoxifen (5) 

Sulindac plus tamoxifen (20) -> hydroxyurea (50)

Sulindac (17) -> raloxifene (24)

Tamoxifen (96)

Tamoxifen (NA) -> doxorubicin (NA )

Vinorelbine (3) -> vinblastine plus methotrexate (8) -> sorafenib (17) 
-> hydroxyurea (42)

Vinorelbine (4)

aDrug name (duration of treatment in months). Changes in drug regimen are denoted by “->”. Instances in 
which precise duration (in months) of medical treatment were unavailable / not recorded are denotated by 
“NA”.
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ment group (p = 0.087; Fig. 3). Within the pooled recurrence treatment episode cohort, 5-year 
EFS after systemic-only treatment was 70% (95% CI 52 to 94), while 5-year EFS after treatment 
involving local modalities was 56% (95% CI 44 to 70; p = 0.46; Fig. 4).

Treatment-Related Factors Associated with Worse PROMIS Function Scores

Mean PROMIS function scores were lowest for patients who underwent two or more surgical 
resections (39 for 2 plus resections versus 51 for 1 resection versus 47 for 0 resections; p = 0.025) 
and for those who received both surgery and radiation at any point, either concurrently or in 
separate treatment episodes, as compared with patients who did not (39 versus 46; p = 0.047; Fig. 
5A-I). Additionally, patients with PROMIS pain interference scores below normative population-

Table 5: Demographic, tumor-specific, and treatment variables for patients included in the PROMIS question-
naire cohort

Variable  n %

Number 40

Male 14 35%

Age at presentation to our institution (years), mean 40

Location

Upper extremity 20 50%

Buttock/hip girdle/lower extremity 20 50%

Multifocal 6 15%

Deep to fascia 35 88%

Direct nerve involvementa 13 28%

Tumor volume at initial presentation (cm3), mediana 129

Initial treatment at OSH 22 55%

Any radiation b 22 55%

Any surgery 37 93%

Surgery and XRT at any point 22 55%

Any systemic treatment 21 53%

Clinical follow-up (months), median (range) 90 (20-293)

Survey follow-up (months), median (range) 125 (14-304)

Outcome at final follow-up

No evidence of disease 24 60%

Disease stability 12 30%

Recurrence progression 4 10% 

Total number of treatment episodes (our institutions), mean (range) 1.9 (1-4)

Total number of surgical resections (our institutions), mean (range) 1.5 (0-4)

Total number of surgical resections (any institution), mean (range) 2.1 (0-5)

Total number of desmoid-related surgeries (our institution), mean (range) 2.4 (0-13)

Total number of desmoid-related surgeries (any institution), mean  (range) 3.1 (0-13)
aMissing data: nerve involvement (3), tumor volume (1).
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Figure 3: Event-free survival (EFS) aft er treatment for primary tumors by treatment group

Figure 4: Event-free survival (EFS) aft er treatment for recurrence by treatment group (pooled treatment epi-
sodes)
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based means (that is, lower pain levels) had bett er functi on scores than those with higher levels 
of pain interference (47 versus 38, respecti vely; p = 0.006). There were no diff erences in PROMIS 
functi on scores based on age, locati on, tumor volume, tumor depth, nerve involvement, or dis-
ease status at fi nal oncologic follow-up. Scores for pati ents whose disease was cured (no evidence 
of disease at the fi nal follow-up examinati on) were nearly identi cal to those of pati ents with 
residual but stable disease.

Figure 5: PROMIS functi on outcomes data according to pati ent- and treatment-specifi c variables are demon-
strated here; by-group mean scores are noted in each sub-plot. LE = lower extremity; UE = upper extremity; 
Vol = volume; Dx = diagnosis; # = number; XRT = radiati on therapy; F/U = fi nal follow-up; NED = no evidence 
of disease.

DISCUSSION

The unpredictable nature of desmoid tumors, high rates of local recurrence, and general dissati s-
facti on among both providers and pati ents has historically resulted in a hodge-podge of treatment 
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options. Though these tumors are treated by orthopaedic, radiation, and medical oncologists, 
there has been increasing recognition in recent years that management of these very locally ag-
gressive but ultimately benign tumors perhaps ought to be guided by a different set of principles 
than those governing management of soft tissue sarcomas. In the past, many authors advocated 
for surgical resection with wide margins [1, 15–17, 24, 26]. More recently, however, management 
strategies involving less locally aggressive up-front treatments have been advocated, supported 
by the results from several retrospective series [2, 3, 5, 21], prospective cohorts of adults [18, 20] 
and in children [23], and emphasized by European consensus guidelines [10, 11]. Even so, there 
exists little or no data reflecting patient-reported functional or symptomatic outcomes to support 
treatment recommendations. We found that patients treated with local modalities (surgery and/
or radiation, with or without additional systemic therapy) did not experience improved EFS as 
compared with those treated without local modalities; this was the case for both the primary and 
the recurrent tumor cohorts. However, PROMIS function scores were lowest among patients who 
underwent two or more surgeries and among those treated with surgery and radiation at any 
time, suggesting that more aggressive local treatment may have a negative impact on long-term 
functional outcomes.

Limitations

This study had several limitations. Perhaps most importantly, the definition of treatment failure 
was broad, and based primarily on the impressions of treating providers as documented in the 
medical record, as well as on radiologic findings. This is, however, pragmatic and reflective of 
clinical practice, in which the identification of disease progression and need for alteration in treat-
ment is largely dependent on physician and patient perception. This point also underscores the 
ways in which the assessment of outcomes of desmoid tumor treatment differs from that of true 
malignancies, in which more concrete, traditional “oncologic” metrics such as local recurrence 
and mortality are more relevant. The definition of systemic failure may have been particularly 
problematic because specific medication changes (such as transition from doxorubicin to imatinib 
or brief medication holidays) were not considered new treatment episodes as long as systemic 
therapy was not interrupted by new decisions for surgery or radiation. This certainly biased 
the analyses of time-to-failure in favor of systemic management because many patients were 
administered a series of different drugs. Again, however, we feel that this analysis was pragmatic. 
Especially with the introduction of relatively well-tolerated, orally administered, targeted chemo-
therapeutics, prolonged episodes of medical management with intermittent regimen modifica-
tions are quite reasonable.

The heterogeneity of treatments included in our cohort is substantial; certain modali-
ties—in particular, cytotoxic chemotherapeutics, high-dose radiation, and wide/radical surgical 
resection—were employed at our institutions far more commonly in the early years of the study 
period than they are now. Midway through the study period, for instance, the use of conventional 
cytotoxic chemotherapeutics (such as doxorubicin and vinorelbine) gradually gave way to greater 
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use of targeted agents such as imatinib [12, 20] and gamma secretase inhibitors [14]; sorafenib, 
another tyrosine kinase inhibitor, has recently been shown to prolong progression-free survival 
in a randomized controlled trial of advanced and refractory tumors [6]. Additionally, the broad 
treatment philosophy employed at our institutions (as outlined in the Patients and Methods sec-
tion) shifted somewhat throughout the study period, and continues to do so into the present. 
The data presented here are therefore insufficient to support specific treatment regimens. In 
acknowledging this, we have avoided more granular survival analyses (such as with respect to 
type of local or systemic treatment).

In our “pooled” recurrence treatment episode cohort, patients with multiply-recurrent 
tumors (a minority) were included multiple times in the analyses, with each recurrence episode 
treated as an independent event. Although this may have resulted in the inappropriate statistical 
“over-representation” of certain individual patients, we feel that this allowed for a more granular 
(and therefore accurate) analysis of their complex clinical courses. In the absence of a clear, a 
priori understanding of the ways in which one earlier treatment modality may impact a subse-
quent one, we feel this analytic framework is the best one.

Our cohort, although sizeable compared with other cohorts of patients with extremity 
desmoid tumors, was relatively small, restricting the granularity with which specific treatment 
analyses could be performed. We chose to limit our study only to patients with extremity tumors, 
excluding those of the hands and feet, as we feel that this cohort represented patients at particu-
lar risk of function deficit after treatment. Patient self-reported data were available for just under 
half of the studied patients, and therefore were potentially subject to transfer bias. The majority 
of surveyed patients were initially treated at outside institutions, and therefore had experienced, 
at minimum, one recurrence. Additionally, a greater proportion of surveyed versus non-surveyed 
patients were treated with both radiation and surgery, and had higher mean numbers of lifetime 
surgical resections and total desmoid-related surgeries. The PROMIS functional outcomes data, 
therefore, reflect outcomes of a subset of the overall cohort that received more aggressive treat-
ment, either because of more challenging tumors or related to patient- and physician-decision 
making, or both. In light of the PROMIS results, it is possible that surveyed patients experienced 
worse functional outcomes as compared with non-surveyed patients. We feel this is unlikely to 
nullify the finding that more aggressive local treatment, especially involving both surgery and ra-
diation, is associated with long-term functional deficits; what we are incompletely able to answer 
with these data, however, is the extent to which systemic treatment (or even observation) alone 
impacts function. This will require prospective collection of function data in a larger cohort of 
patients treated without local therapies.

Event-Free Survival among Patients who Undergo Local Treatment and those who Do 
Not, for Primary and for Recurrent Tumors

The results of this study suggest that treatment involving local modalities (surgery and/or radia-
tion) was not associated with improved EFS; this was the case in separate analyses of primary 



Chapter 9

160

and recurrent tumors. As noted in the limitations section above, the heterogeneity of treatment 
modalities represented in the current study is such that we are limited in our ability to make 
granular treatment recommendations. However, we feel that the results of the survival analyses 
at least support the feasibility of systemic-only treatment (or treatment involving less aggres-
sive local approaches), and help to contextualize the results of the patient-reported functional 
outcome results.

These results are in line with those from other recent reports. A retrospective study published 
in 2008 of 112 adults with desmoid tumors found equivalent event-free survivals for patients 
treated with microscopically-complete surgery and those whose tumors were managed medically 
or with observation alone (roughly 65%) [2]. Likewise, in a 2017 nationwide, prospective cohort 
of 771 patients with intra- or extra-abdominal desmoid tumors, no difference in 2-year EFS was 
observed between surgical resection and “wait-and-see” as initial treatment strategies (53% 
versus 58%, respectively) [19]. Interestingly, however, 2-year EFS was worse (25%) in patients 
treated with initial surgical resection for tumors in “unfavorable” locations, including the upper 
extremity; this may speak to the relatively low EFS observed after treatment for primary tumors 
in our cohort of extremity-only tumors. Among pediatric and adolescent patients enrolled in 
prospective trials in Germany, 5-year EFS was 59% versus 35%, respectively, after initial treatment 
with surgery versus systemic therapy; furthermore, significant functional deficiencies were noted 
in 20% of patients managed surgically, albeit without more detailed characterization [23].

Treatment-Related Factors Associated with Worse PROMIS Function Scores

Among patients who underwent more than one desmoid resection, and among those treated 
with both surgery and radiation at any point, PROMIS function scores were more than one full 
SD below normative means. These results were perhaps moderated, in part, by issues of ongoing 
pain, as function scores were also lower in patients with pain interference levels above normative 
means. Of course, treatment decisions are made in response to tumor-specific variables, and it 
is impossible to know whether these findings were because of more aggressive disease, more 
aggressive treatment modalities, or both. We note, however, that for many patients in our study, 
surgery was not necessarily a “one-time event.” Among patients with primary tumors that were 
initially treated with local treatment, the mean number of lifetime resections was 1.7 and the 
mean number of total desmoid tumor-related surgeries, including those for complications, was 
2.5, perhaps speaking to the long-term ramifications of the initial treatment decision. It should 
be noted that we report the PROMIS function scores of patients who received both surgery and 
radiation at any point, not necessarily concurrently within the same treatment “episode”; this 
allowed us to capture the cumulative (and potentially additive) effects of surgery and radiation on 
long-term functional outcomes. It is uncertain, but these data suggest that treatment with both 
surgery and radiation has a substantial effect on long-term function.

A recent focus-group study identified significant psychologic stressors and associated 
qualitative impact on health-related quality of life among patients with desmoid tumors [25], and 
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2017 consensus guidelines emphasized the need for “physical, psychologic and social support” 
for these patients [11]. There is, however, a paucity of data quantifying the functional outcomes 
after extremity desmoid treatment; to our knowledge, the present study is the first to do so with 
PROMIS (or other validated patient-reported outcomes) metrics.

Conclusions

Our results suggest that desmoid tumor treatment strategies involving local modalities may not 
be associated with improved EFS as compared with those involving systemic treatment only, and 
that more aggressive local treatment may be associated with greater long-term functional limita-
tions. Though we acknowledge that the data presented here explicitly do not describe the natural 
history of desmoid tumors, we suspect that desmoid tumors may tend to “burn out,” regardless 
of treatment modality. Indeed, although the natural history of desmoid tumors is incompletely 
understood, the wait-and-see approach has been reported to result in disease regression or 
stability in half (or more) of patients whose tumors were managed with observation alone [1, 3, 
5, 18]. Of the 101 treatment episodes for recurrent tumors presented here, nearly 75% occurred 
within 5 years of the initial diagnosis and more than 90% occurred within 10 years of diagnosis. 
It should also be noted that EFS rates were, perhaps counterintuitively, higher in the recurrence 
cohort as compared with the primary cohort. While this may reflect more liberal use of systemic 
modalities in multiple-recurrent patients, it may also reflect the possibility that disease stability is 
the standard, not the exception, once multiple years have elapsed. To that end, current practice at 
our institutions involves evaluation of all new desmoid tumor patients in a multidisciplinary clinic, 
by a surgeon, a radiation oncologist, and a medical oncologist. More so than was the case early in 
the study period, we are most likely now to shy away from up-front local therapy, favoring instead 
systemic options aimed at curbing symptoms and tumor progression. We feel that this practice is 
supported by the data presented here.

To our knowledge, this is the first study using PROMIS metrics to assess functional outcomes 
after treatment for desmoid tumors, and represents our attempt to introduce the quantification 
of functional outcomes in the assessment of desmoid treatment. Of critical importance in the 
future will be the prospective, in-clinic collection of patient-reported outcomes data at multiple 
time points throughout the treatment process, ideally integrated into routine clinical follow-up. 
This will allow clinicians and researchers to evaluate the impact of treatment on function and 
dimensions of health-related quality of life in a more granular and time-dependent manner. 
The management of this benign but symptomatic condition must be increasingly guided not by 
traditional “oncologic” metrics but by impact on patient symptoms and function.
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ABSTRACT

Background: Neuromas are caused by irregular and disorganized regeneration following nerve 
injury. Many surgical techniques have been described to address neuroma with varying success. 
The aim of this study was to evaluate predictive factors for secondary surgery after initial surgical 
intervention for symptomatic neuroma along with a description of the anatomic distribution of 
surgically treated symptomatic neuromas.

Methods: Five hundred and ninety-eight patients with 641 neuromas that underwent primary 
surgery for neuroma were retrospectively identified. The diagnosis of neuroma was based on 
physical examination and patient history in the medical charts. Neuromas were treated by exci-
sion, implantation in muscle or bone, excision with direct neurorrhaphy with or without nerve 
grafting or other treatments.

Results: The rate of secondary surgery for neuroma was 7.8% and secondary surgeries were 
performed at a median of 16.1 months. Excision alone or excision with implantation into bone 
or muscle had higher rates of secondary surgery compared to excision and direct neurorrhaphy 
with or without nerve graft. Neuroma were located the in the upper extremity (49.6%), lower 
extremity (46.7%), and the groin/trunk (n=3.7%).

Conclusion: Symptomatic neuroma are predominantly located in the extremities and surgery can 
improve pain with low secondary surgery rates. Excision with direct neurorrhaphy with or without 
nerve grafting had lower reoperation rates.
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INTRODUCTION

A neuroma may form as the result of irregular or disorganized neuronal regeneration follow-
ing nerve injury.1 Following nerve injury, Wallerian degeneration occurs followed by attempted 
axonal growth. If this does not happen in an organized manner, a neuroma will result and may be 
symptomatic.2,3 There are a number of causes including prior surgery or trauma, but all involve 
disruption of the perineurium with axonal escape and an inability to regenerate and find terminal 
nerve endings.1,4,5 Depending on the pathophysiologic mechanism, the neuroma may be a termi-
nal (i.e. “end” or “stump”) neuroma or a neuroma in-continuity.4,6,7

Not all neuromas are problematic, but a symptomatic neuroma can have a dramatic impact 
on quality of life.8,9 Symptoms and signs include neuropathic pain in a specific nerve distribution, 
numbness, paresthesias, cold intolerance, electrical sensations, or a positive Tinel sign.10-14 There 
is no consensus about the clinical definition of symptomatic neuroma: diagnosis is predominantly 
based on patient history, physical examination including Tinel sign, and response to diagnostic block. 
Prior studies have used symptoms of pain at a specific anatomic location and changes in cutaneous 
sensibility to identify patients with symptomatic neuroma.4,6,13,15 The reported incidence of painful 
neuroma in the upper and lower extremities following traumatic injury or surgery is largely unknown, 
but ranges from 4% to 26% in prior studies.14,16,17 Neuroma incidence rates in other locations, such as 
the torso or head and neck, have solely been reported as case reports or case series.18-21

There are various surgical and non-surgical treatments for symptomatic neuroma.11,22 Sur-
gery most often consists of neuroma excision followed by a technique to address the end of the 
nerve, including transposition into muscle, bone or veins, nerve repair with or without grafting, 
centro-central coaptation, nerve capping, regenerative peripheral nerve interface, and targeted 
muscle reinnervation, among others.1,7,11,23-39 However, after initial surgical treatment up to 42% 
of patients may have persistent symptoms and undergo additional intervention. 7,15,29,34,40-43

The factors related to secondary surgery for neuroma are not known. It has been suggested 
that low socio-economic status, smoking, employment status, duration of pain, and presence of 
Complex Regional Pain Syndrome (CRPS) negatively affect surgical outcomes in treatment of symp-
tomatic neuroma.9,13,29,40,43-45 The aim of this study was to evaluate predictive factors for second-
ary surgery after initial surgical intervention for symptomatic neuroma. A secondary aim was to 
describe the distribution of surgically treated symptomatic neuromas throughout the entire body.

MATERIAL AND METHODS

After Institutional Review Board approval, we retrospectively identified patients using Current 
Procedural Terminology (CPT) codes related to surgery for symptomatic neuroma between 
January 1st 2002 and May 1st 2016 (n=3064) in five urban academic medical centers in the North-
eastern United States (Appendix 1). Through medical chart review, we included all adult patients 
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who underwent surgery for symptomati c neuroma. We excluded pati ents who had initi al surgery 
for neuroma at a diff erent hospital (n=32), were not found to have a neuroma intraoperati vely 
(n=53), those diagnosed with a schwannoma or nerve sheath tumor (n=38), or those on whom 
no surgery was performed on a nerve (n=5). Additi onally, we excluded head and neck neuromas 
(n=141) because the majority of these were lingual nerves (n=119), and 90% of the nerves at 
these locati ons were treated by excision with primary nerve repair, skewing treatment in the 
presented populati on. For purposes of analysis, only the fi rst neuroma treated was included. 
These pati ents were categorized as having undergone initi al surgery for symptomati c neuroma.

We performed a medical chart review to collect data regarding pati ent, neuroma, and treat-
ment characteristi cs along with postoperati ve complicati ons including any subsequent surgery. 
Secondary surgery for neuroma was defi ned as additi onal, unplanned surgery for neuropathic pain 
of the same nerve as treated during the initi al neuroma surgery. If a pati ent reported pain as a 
symptom in a pre-surgical evaluati on (for the secondary procedure), this was considered second-
ary neuroma surgery. Follow up was defi ned as the last surgical visit recorded in the medical charts. 
Time-to-initi al-neuroma-surgery was defi ned as the ti me from the date of initi al surgery or the 
trauma causing neuroma to the date of fi rst neuroma surgery, which was available for 374 pati ents.

During chart review, descripti on of neuroma or related symptoms was used to identi fy 
pati ents undergoing surgery for neuroma. The most common pre-operati ve symptoms recorded 
were pain (n=513, 80%), hyposensiti vity (n=92, 14%), paresthesias (n=4, 0.6%), weakness (n=29, 
4.5%) or presence of a mass (n=3, 0.5%) (Figure 1). Two hundred sixty-four pati ents had a positi ve 
Tinel sign. The pre-operati ve diagnosis was confi rmed by operati ve pathology in 362 cases; an ad-
diti onal 201 cases were described as a neuroma by the surgeon intraoperati vely (in the absence 

Figure 1: Flowchart of preoperati ve symptoms and diagnosti c confi rmati on of neuroma
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of pathology demonstrating neuroma) and 55 were described as a scarred or injured nerve by the 
surgeon intraoperatively.

Study population

We included 598 patients with 641 neuromas with a median age of 43.9 (IQR: 35.1-52.6) years, 
who were followed for a median of 5.1 (IQR: 1.2-19.4) months (Table 1). Patients developed neu-
romas mostly due to trauma or surgery. A total of 253 (40%) patients underwent a pre-operative 
intervention, mainly consisting of diagnostic local anesthetic injection (82.2%, n=208).

Table 1: Patient Demographics

All Reoperation
P-value

(n=641) Yes (n=50) No (n=591)

Age, median (IQR) 43.9 (35.1-52.6) 41.2 (34.8-45.8) 44.6 (35.2-52.9) 0.062**

Male, n(%) 288 (48) 25 (8.7) 263 (91) 0.35*

Race, n(%) 0.20*

Caucasian 471 (79) 41 (8.7) 430 (91)

Hispanic 55 (9.2) 3 (5.5) 52 (95)

African American 28 (4.7) 0 28 (100)

Other 44 (7.4) 1 (2.3) 43 (98)

Right side, n(%) 284 (48) 24 (8.5) 260 (92) 0.44*

Diabetes mellitus, n(%) 50 (9.0) 5 (10) 45 (90) 0.40*

Smoking, n(%) 132 (23) 17 (13) 115 (87) 0.012*

Preoperative symptoms, n(%) 0.36*

Pain/hypersensitivity 513 (80) 43 (8.4) 470 (92)

Other 128 (20) 7 (5.5) 121 (95)

Cause of neuroma, n(%) 0.020*

Trauma 318 (50) 24 (7.6) 294 (93)

Surgery 244 (38) 25 (10) 219 (90)

Other 79 (12) 1 (1.3) 78 (99)

Type of neuroma, n(%) 0.044*

Terminal neuroma 474 (74) 43 (9.1) 431 (91)

In-continuity 167 (26) 7 (4.2) 160 (96)

Preoperative intervention, n(%) 0.10*

Local anaesthetic block 208 (82) 8 (3.9) 200 (96)

Physical or Occupational therapy 23 (9.1) 1 (4.4) 22 (96)

Other 22 (8.7) 3 (14) 19 (86)

Location, n(%) 0.12*

Upper extremity 318 (50) 31 (9.8) 287 (90)

Lower extremity 299 (47) 19 (6.4) 280 (94)

Groin/abdomen 24 (3.7) 0 24 (100)

*Using Fisher’s exact, ** Mann Whitney U-test
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Surgery was performed by 98 surgeons, who were either trained in nerve microsurgery (plas-
tic surgery, orthopaedic hand surgery, neurosurgery), or untrained in nerve microsurgery (other 
surgical specialties). Seventeen surgeons performed more than 14 neuroma surgeries each, ac-
counting for 73% of the operations. Neuromas were treated by excision with nerve implantation 
in muscle or bone (50%, n=321), excision with direct neurorrhaphy with or without nerve grafting 
(28%, n=177), excision only (20%, n=130), or other miscellaneous treatments (flap coverage, 
nerve capping and implantation or excision and collagen conduit) (2.0%, n=13) (Table 2). During 
the time period of this study no patients were treated by targeted muscle reinnervation (TMR) or 
regenerative peripheral nerve interfaces (RPNI).

Neuromas were identified in the upper extremity (49.6%, n=318), lower extremity (46.7%, 
n=299) and the groin/trunk (3.7%, n=24) (Figures 2-5). In the upper extremity, the most common 
nerves affected were the digital nerves (50%, n=158). In the lower extremity, the interdigital (25%, 
n=76), peroneal (23%, n=69) and sural nerves (22%, n=66) were similarly affected. The peroneal 
nerve consisted of the branches of the superficial peroneal nerve (62%, n=43), the deep pero-
neal nerve (17%, n=12) and the common peroneal nerve (19%, n=13). In groin/trunk region the 
ilioinguinal nerves (33%, n=8) and intercostal nerves (33%, n=8) were most commonly affected.

Statistical analysis

Continuous variables were presented as median and interquartile range or mean and standard 
deviation depending on normality. Categorical variables were presented as absolute values and 
percentages.

Surgery type was grouped as (1) excision only, (2) excision and implantation in bone, muscle, 
or soft tissue and (3) excision with direct neurorrhaphy or nerve graft, or (4) other; including 
flap coverage, nerve capping and burying or excision and using a collagen conduit. Additionally, 

Table 2: Surgical treatment of neuroma

All Reoperation P-value*

(n=641) Yes (n=50) No (n=591)

Neuroma surgery type, n(%) 0.27*

Neuroma excision with implantation 321 (50) 24 (7.5) 297 (93)

Neuroma excision with direct neurorrhaphy ± nerve graft 177 (28) 10 (5.7) 167 (94)

Neuroma excision 130 (20) 15 (11.5) 115 (89)

Other 13 (2.0) 1 (7.7) 12 (92)

Complication**, n(%) 20 (3.1) 2 (10) 18 (90) 0.66*

Specialty, n(%) 0.004*

Trained in microsurgical nerve repair 379 (59) 39 (90) 340 (90)

Not trained in microsurgical nerve repair 262 (41) 11 (4.2) 251 (96)

*Using Fisher’s exact test
**Complication consisting of wound dehiscence, infection or a hematoma/seroma after first neuroma
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the location of the neuroma was grouped into four groups: upper extremity, lower extremity, 
head and neck, and other (which included groin and trunk). Finally, “other causes of neuroma” 
included 69 patients with a Morton’s neuroma. Nerves were grouped by location or by specific 
nerve (Appendix 2).

To evaluate factors associated with reoperation we performed a bivariate analysis using the 
Mann-Whitney U test for non-parametric outcomes and the Fisher’s exact test for categorical 
variables. To mitigate for confounding, all explanatory variables with a p-value <0.1 in bivariate 
analysis were imputed into a multivariable logistic regression modeled using generalized estimat-

Figure 2: Distribution of neuromas in the upper extremity

Figure 3: Distribution of neuromas in the lower extremity
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ing equation. Additionally, we included preoperative symptoms (pain vs. other) and the type of 
surgery based on clinical relevance in the statistical model. We used a Cox proportional hazards 
model to evaluate the predictors that affect the time to secondary neuroma surgery. A p-value of 
<0.05 was considered statistically significant for all tests. We used STATA 13.0 (StataCorp, Texas, 
USA) to execute these analyses.

Figure 5: Distribution of neuromas in the body by location

Figure 4: Distribution of neuromas in the groin and trunk locations
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Table 4: Characteristics of secondary neuroma surgery

All
(n=50)

Indication, n(%)

Pain/hypersensitivity 48 (96)

Hyposensitivity 1 (2.0)

Weakness 1 (2.0)

Surgery type, n(%)

Neuroma excision with implantation 31 (62)

Neuroma excision 11 (22)

Neuroma excision with direct neurorrhaphy ± nerve graft 5 (10)

Other 3 (6.0)

Specialty, n(%)

Trained in microsurgical nerve repair 44 (88)

Not trained in microsurgical nerve repair 6 (12)

*Complication consisting of wound dehiscence, infection or a hematoma/seroma after first neuroma surgery

Table 3: Generalized estimated equation including Neuroma Location and Surgery Type

Characteristics Odds 
Ratio

Standard 
error

95% Confidence 
Interval

P 
Value

Age 0.98 0.01 [0.96, 1.0] 0,.22

Smoking 1.8 0.59 [0.92, 3.4] 0.087

Type of neuroma (reference: terminal neuroma) 0.68 0.33 [0.26, 1.8] 0.43

Pain symptoms 0.85 0.44 [0.31, 2.4] 0.75

Cause 

Trauma reference reference reference

Surgery 1.2 0.43 [0.63, 2.5] 0.53

Other 0.28 0.31 [0.03, 2.4] 0.25

Surgery type

Neuroma excision with direct neurorrhaphy ± nerve 
graft

reference reference reference

Neuroma excision 4.9 2.7 [1.6, 14.6] 0.005

Neuroma excision with implantation 3.4 1.9 [1.1, 10.2] 0.027

Other 2.1 2.4 [0.22, 19.5] 0.53

Specialty

Trained in microsurgical nerve repair reference reference reference

Not trained in microsurgical nerve repair 0.38 0.15 [0.18, 0.84] 0.016
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RESULTS

Symptomati c neuromas were secondary to traumati c injury in 50% and due to surgery in 38%. 
The median ti me from inciti ng event to primary neuroma surgery was 6.4 (1.8-14.0) months 
for pati ents with trauma and 13.4 (IQR 7.8-29.0) months for those where prior surgery was the 
cause. Thirty-nine (5.3%) pati ents presented with multi ple neuromas, mostly located in the upper 
extremity (n=26, 55.3 %) and caused by trauma (n=16, 34%), amputati on (n=10, 21%), previous 
surgery (n=19, 40%), or Morton’s neuroma (n=2, 4.3%).

Excision alone (OR 4.9, 95% CI: 1.6-14.6, p=0.005) or excision with implantati on into bone 
or muscle (OR 3.4, 95% CI: 1.2-10.2, p=0.027) were independently associated with higher rates 
of secondary surgery when compared to excision and direct neurorrhaphy with or without nerve 
graft . When the neuroma was treated by a surgeon that was untrained in microsurgical nerve re-
pair, pati ents had a lower chance of undergoing a secondary neuroma surgery compared to those 
treated by a surgeon trained in microsurgical nerve repair (OR 0.38, 95% CI: 0.18-0.84, p=0.016) 
(Table 3). No predictors that aff ect the ti me to secondary neuroma surgery were identi fi ed (Table 
1, Appendix 3). Minor postoperati ve complicati ons were noted in 20 (3.1%) pati ents consisti ng of 
wound dehiscence, infecti on or a hematoma/seroma.

The rate of secondary surgery for neuroma was 7.8% (50 of 641) aft er a median of 16.1 (IQR 
6.0-34.2) months (Figure 6). In almost all cases (n=48, 96%), pain and/or hypersensiti vity were 
the indicati on for secondary neuroma surgery. The secondary neuroma operati ons performed 
were neuroma excision and implantati on (62%, n=31), neuroma excision (22%, n=11), neuroma 

Figure 6: Kaplan-Meier curve showing ti me to secondary neuroma surgery.
Red	reference	line=	median	ti	me	to	secondary	surgery	16.1	months
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excision with primary neurorrhaphy, with or without graft (10%, n=5) or other intervention (6.0%, 
n=3) (Table 4).

DISCUSSION

We analyzed factors associated with reoperation of symptomatic neuroma. In this study, 641 
surgically treated neuromas were identified, 96% of which occurred in the extremities. Neuromas 
were secondary to traumatic injury in 50% and surgery in 38%, and it was found that initial surgery 
for neuroma was performed at a median of 9 months after inciting event.

In this study, neuroma excision and nerve implantation was the most commonly performed 
technique followed by excision and neurorrhaphy with or without nerve graft. Reasons for this 
choice of treatment may include the presence of more neuromas in continuity, or alternatively 
the presence of stump neuromas without an available distal target. The rate of secondary surgery 
after primary neuroma surgery was 7.8%. If a neuroma was treated by excision followed by 
neurorrhaphy with or without nerve graft, the secondary surgery rates were lower compared to 
excision alone or excision and implantation.

This study should be considered in light of its strengths and limitations. First, the patients in 
this study were retrospectively identified using chart review, making the selection dependent on 
correct coding. Second, the diagnosis of neuroma is based a combination of patient history and 
physical examination, and there is no gold standard for diagnosis. In this study, the majority of 
the patients had histologic confirmation (n=489) or intraoperative findings corresponding with a 
neuroma (n=269). Third, this study did not account for the patients that had treatment at a pain 
clinic or different surgeon outside our institution. Fourth, newer surgical techniques such as TMR 
and RPNI were not evaluated given the timeframe of this study, although they are increasingly 
used in the senior author’s practice. Lastly, this study did not investigate patient psychosocial 
factors related to surgery or outcomes.

However, this study may underestimate the surgical failure rate as secondary surgery is an 
imperfect proxy for patient outcome. If one neuroma surgery has “failed,” some surgeons may 
not offer the patient a second operation. It has been reported that patients who have undergone 
more than three previous surgeries for neuroma have 66% good/excellent pain relief after exci-
sion and implantation, compared to 90% good/excellent results after initial surgery.29 In patients 
with persistent pain after initial surgery central sensitization may have occurred, influencing 
surgical outcomes when addressing the peripheral impetus.46 Centralization of pain may impact 
the success of peripheral nerve intervention, although the surgical impact on this phenomenon 
is not currently well understood.

We also report the anatomic distribution of surgically treated neuromas. Neuromas treated 
operatively were most common in the upper and lower extremities. In the upper extremities, 
the digital nerves were predominantly affected as a result of (non-amputation) trauma (65%) 
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or amputation (21%). In the lower extremity, Morton neuroma (25%) was most common fol-
lowed by peroneal neuroma (23%) and sural neuroma (22%), the latter was most often caused by 
prior surgery (70%). A previous study reported that the lower extremity was the most commonly 
involved anatomic region (54.3%), which is similar to the rate identified in this study.47 It is likely 
that surgically treated neuromas are most common in the extremities as they are prone to trauma 
and often have a thin subcutaneous cover.

Many surgical techniques to treat neuroma have been described. Techniques involving neu-
roma excision and implantation/burying have historically been the most commonly utilized, and 
were the most commonly performed techniques in this study.11,15,29,40,48 In a comparative meta-
analysis, Poppler et al. concluded that 77% of all neuroma had meaningful improvement of pain 
regardless of the surgical method used.49 In this study, we identified a lower rate of secondary 
operation after neuroma excision with nerve reconstruction (direct neurorrhaphy or neurorrha-
phy with a nerve graft) compared to other interventions. This is similar to the finding by Pet et 
al., in which patients treated with traction neurectomy had a relatively high rate of symptomatic 
recurrence.34 This is also in line with the findings of Guse and Moran, who found that nerve repair 
had the highest rate of success.50 This study’s finding of lower rates of secondary neuroma surgery 
in patients undergoing neurorrhaphy with/without nerve graft compared to those undergoing 
implantation techniques is most likely the result of active treatment of the nerve ending.51 Newer 
techniques such as Targeted Muscle Reinnervation (TMR) and use of a Regenerative Peripheral 
Nerve Interface (RPNI) have provided promising results.36,39,52-54 Of the patients treated with pri-
mary TMR at time of traumatic amputation, 92% were free of pain at follow up.55

The secondary neuroma surgery rate of 7.8% identified in this study is similar to prior 
studies. Dellon et al. evaluated 78 neuromas in 60 patients that were treated by resection and 
implantation into muscle and reported a secondary surgery rate of 6.4%.29 Vlot et al. described a 
secondary surgery rate of 23% for digital neuromas and found that avulsion injury and neuroma 
of the index finger neuromas were associated with higher rates of secondary surgery.13 In another 
study, Decrouy-Duruz et al. evaluated secondary surgery in 231 patients that had neuropathic 
pain after nerve injury, of which 44% were classified as neuroma and were treated with resection 
and transposition in soft tissue. The remainder were neuroma in-continuity or scarred nerves 
and were treated with neurolysis alone. Their overall reoperation rate was 16.0%, however due 
to the different cohort of patients it is difficult to compare directly to this study.47 A retrospective 
study of 67 patients surgically treated by excision and burying the proximal end of the nerve in 
the muscle reported a secondary surgery rate of 21%.34

The decision for secondary neuroma surgery is complex and is based upon many factors, 
including patient symptoms, surgeon experience, and available techniques for reconstruction. 
Some surgeons are reticent to offer secondary surgery for neuroma if the first intervention was 
unsuccessful. In this study, we found that patients undergoing initial neuroma surgery performed 
by surgeons trained in microsurgery were more likely to undergo secondary surgery. This may 
be due to the fact that nerve-trained microsurgeons have more surgical options available for 
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treatment of neuroma than non-microsurgeons, and may be more willing to attempt additional 
surgical intervention.

In conclusion, patients with symptomatic neuroma may undergo surgical intervention in an 
attempt to ameliorate symptoms. Surgical treatment of neuroma may improve quality of life for 
these patients, and most patients will not undergo secondary neuroma surgery. Further investiga-
tion into the optimal timing and type of surgical technique is needed to help inform surgical 
decision-making.
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APPENDIx 1

Current Procedural Terminology codes:

Neuroma
64774 Excision of neuroma; cutaneous nerve, surgically identifiable
64776 Excision of neuroma; digital nerve, one or both, same digit
64778 Excision of neuroma; digital nerve, each additional digit (list separately by this number)
64782 Excision of neuroma; hand or foot, except digital nerve
64783 Excision of neuroma; hand or foot, each additional nerve, except same digit (list separately 
by this number)
64784 Excision of neuroma; major peripheral nerve, except sciatic
64787 Implantation of nerve end into bone or muscle (list separately in addition to neuroma 
excision)

Nerve	graft
64890 Nerve graft (includes obtaining graft), single strand, hand or foot; up to 4 cm in length
64891 Nerve graft (includes obtaining graft), single strand, hand or foot; more than 4 cm in length
64892 Nerve graft (includes obtaining graft), single strand, arm or leg; up to 4 cm in length
64893 Nerve graft (includes obtaining graft), single strand, arm or leg; more than 4 cm in length
64895 Nerve graft (includes obtaining graft), multiple strands (cable), hand or foot; up to 4 cm 
length
64896 Nerve graft (includes obtaining graft), multiple strands (cable), hand or foot; more than 4 
cm length
64897 Nerve graft including harvest, multiple strands, arm, up to 4 cm in length
64898 Nerve graft including harvest, multiple strands, arm, greater than 4 cm in length
64901 Nerve graft, each additional nerve; single strand
64902 Nerve graft, each additional nerve; multiple strands (cable)
64905 Nerve pedicle transfer; first stage
64907 Nerve pedicle transfer; second stage
64910 Nerve repair with synthetic conduit, each
64911 Nerve repair with autogenous vein conduit, each, including graft harvest

Nerve	repair
64831 Suture of digital nerve, hand or foot; one nerve
64832 Suture of digital nerve, hand or foot; each additional
64834 Suture of one nerve, hand or foot; common sensory nerve
64835 Suture of one nerve, hand or foot; median motor thenar
64836 Suture of one nerve, hand or foot; ulnar motor
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64837 Suture of each additional nerve, hand or foot
64856 Suture of major peripheral nerve, arm or leg, except sciatic; including transposition
64857 Suture of major peripheral nerve, arm or leg, except sciatic; without transposition
64859 Suture of each additional major peripheral nerve
64872 Suture of nerve; requiring secondary or delayed suture list separately in addition to code 
for primary neurorrhaphy
64874 Suture of nerve; requiring extensive mobilization, or transposition of nerve (in addition to 
nerve suture)
64876 Suture of nerve; requiring shortening of bone list separately in addition to code for primary 
neurorrhaphy
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APPENDIx 2

Upper extremity
Radial nerve
- Superficial radial nerve
- Radial sensory
- Radial nerve
- Dorsal radial sensory
Ulnar nerve
- Ulnar nerve
- Ulnar dorsal cutaneous
Median nerve
- Median nerve
- Medial nerve at level of humerus
Digital located nerves
- Digital thumb (radial and ulnar sided)
- Digital nerve (radial and ulnar)
- Digital common index -finger, -ring, -thumb
- Digital dorsal index finger
- Digital dorsal thumb
- Digital index (radial and ulnar sided)
- Digital middle (radial and ulnar)
- Digital ring (radial and ulnar)
- Digital pink (radial and ulnar)
- Digital radial long
- Digital radial middle
- Digital radial ring
- Digital radial small
- Digital radial thumb
Upper arm cutaneous
- Antebrachial cutaneous
- Medial brachial cutaneous
- Musculocutaneous
- Posterior cutaneous
- Brachial plexus musculocutaneous
- Medial brachial cutaneous
- Lateral brachial cutaneous
Lower arm cutaneous
- Dorsal cutaneous
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- Lateral antebrachial cutaneous
- Lateral cutaneous nerve
- Medial antebrachial
- Medial antebrachial cutaneous
- Posterior cutaneous nerve
- Dorsal sensory
Palmar cutaneous
- Median palmar cutaneous
- Palmar cutaneous
Palmar nerves
- Median recurrent branch
- Common digital nerve
- Common digital webspace 2,3,4

Lower extremity
Femoral nerve
- Femoral
- Lateral femoral cutaneous
- Superficial cutaneous
Sciatic nerve
Cluneal nerve
- Inferior cluneal
- Medial cluneal
Retinacular nerve: Lateral retinacular nerve
Saphenous nerve
- Infrapatellar saphenous
- Saphenous
Deep peroneal nerve
- Deep peroneal & superficial peroneal
- Deep peroneal
Superficial peroneal nerve
- Superficial peroneal & saphenous
- Superficial peroneal medial cutaneous
- Superficial peroneal
- Cutaneous peroneal
- Cutaneous not otherwise specified
Common peroneal nerve
Tibial nerve
- Anterior tibial



Chapter 10

184

- Posterior tibial
- Tibial
Sural nerve
Foot region nerves
- Interdigital dorsal webspace 1
- Interdigital webspace 2
- Interdigital webspace 3
- Interdigital webspace 4
- Dorsal medial cutaneous
- Lateral plantar
- Medial plantar
- Medial calcaneal
- Medial dorsal cutaneous
- Plantar
- Plantar medial nerve
- Plantar webspace 2
- Dorsal foot cutaneous
Digital toe region nerves:
- Digital lateral toe1
- Digital lateral toe4
- Digital medial hallux
Morton’s neuroma: Interdigital nerves

Groin region
Abdominal nerves: abdomen nerves not otherwise specified.
Iliohypogastric nerve
Ilioinguinal nerve: ilioinguinal & ilioinguinal iliohypogastric
Genitofemoral nerve

Head and neck region
Lingual nerves
Neck region nerves
- Great auricular nerve
- Spinal accessory
- Supraclavicular
- Suprascapular
- Trapezial branch of accessory nerve
Mandibular region nerves
- Inferior alveolar
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- Temporal
- Trigeminal
- Mandibular
- Marginal mandibular
- Mental
Ophthalmic region nerves
- Cutaneous
- Forehead

Trunk region
Intercostal nerves
- Intercostal
- Intercostal 3rd

- Intercostal 8th

- Intercostal 9th

- Subcostal lateral cutaneous
Axillary
- Axillary nerve
- Brachial plexus
- Brachial plexus posterior chord
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Appendix 3: Cox proportional hazards model for time to reoperation

Characteristic HR SE 95% CI P-Value

Age 1.0 0.013 [0.97, 1.02] 0.78

Male 1.0 0.3 [0.56, 1.8] >0.99

Race

Caucasian reference reference reference reference

Hispanic 1.2 0.72 [0.37, 3.9] 0.76

Other 2.6 2.7 [0.34, 19.6] 0.36

Right side 1.1 0.31 [0.60, 1.9] 0.86

Diabetes mellitus 0.49 0.23 [0.19, 1.3] 0.12

Smoking 0.72 0.22 [0.39, 1.3] 0.29

Pain symptoms 0.54 0.23 [0.24, 1.2] 0.14

Cause of neuroma

Trauma reference reference reference reference

Surgery 1.2 0.36 [0.69, 2.2] 0.48

Idiopathic 3.3 3.5 [0.43, 26.1] 0.25

Neuroma surgery type

Neuroma excision with direct neurorrhaphy ± nerve graft reference reference reference reference

Neuroma excision with implantation 0.60 0.23 [0.29, 1.3] 0.18

Neuroma excision 0.81 0.33 [0.36, 1.8] 0.60

Other 0.69 0.73 [0.087, 5.4] 0.72

Complication 1.2 0.95 [0.31, 5.4] 0.72

Specialty

Trained in microsurgical nerve repair reference reference reference reference

Not trained in microsurgical nerve repair 1.1 0.38 [0.55, 2.2] 0.80

Type of neuroma

Terminal neuroma reference reference reference reference

In continuity 0.74 0.33 [0.31, 1.8] 0.50

Location

Upper extremity reference reference reference reference

Lower extremity 0.74 0.22 [0.41, 1.3] 0.31

HR= Hazards ratio, SE=Standard error, CI=Confidence interval
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ABSTRACT

Background: Many surgical techniques are used for treatment of symptomatic neuroma, but op-
tions are limited for digital neuromas because of a paucity of soft tissue coverage and/or absence 
of the terminal nerve end. The aim of this study was to assess factors that influence patient 
reported outcomes after surgery for symptomatic digital neuroma.

Methods: We retrospectively identified 29 patients with 33 symptomatic digital neuromas that 
were treated surgically. Patients completed the PROMIS upper extremity (UE), PROMIS pain 
interference (PI), and numeric rating scale (NRS) for pain and the PROMIS depression at a median 
follow-up of 7.6 years (range: 3.2-16.8) post-operatively. Surgical treatment for neuroma included 
excision with nerve repair/reconstruction (n=13, 39%), neuroma excision alone (n=10, 30%) or 
excision and implantation (n=10, 30%). We performed multivariable linear regression to identify 
the factors that independently influenced patient-reported outcomes.

Results: The mean post-operative PROMIS UE was 45.2±11.2, mean PROMIS PI was 54.3±10.7 
and mean NRS pain score was 3 (IQR:1-5). Compared to other treatment techniques, neuroma 
excision with nerve repair/reconstruction was associated with lower NRS pain scores; lower 
PROMIS-PI scores, corresponding to less daily impact of pain; and with higher PROMIS-UE scores 
reflecting better upper extremity function. Older age and higher PROMIS depression scores were 
associated with lower PROMIS-UE scores and higher PROMIS-PI scores. Smoking was associated 
with higher PROMIS-PI and NRS pain scores.

Conclusions: Neuroma excision followed by nerve repair/reconstruction resulted in better 
outcomes compared to neuroma excision alone with or without implantation. Patient age and 
psychosocial factors influenced patient reported outcomes.
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INTRODUCTION

Nerve injuries in the upper extremity may lead to substantial loss of function and quality of life, 
which is often the case for symptomatic digital neuromas.1–5 Patients are at risk for the develop-
ment of symptomatic neuroma following nerve injury if axonal regeneration is disorganized, or in 
the absence of a distal target after digital amputation.6–8 In these cases, axonal regeneration takes 
place outside of the epineurium in a disorganized fashion.9 This can lead to a painful neuroma 
which occurs in almost 7%10,11 of patients following digital amputation and in 1-7%11,12 of patients 
following digital nerve repair.13 Avulsion injuries and injuries to the index finger have been shown 
to predispose one to develop a symptomatic neuroma.10 Patients with symptomatic digital neu-
romas complain of pain in a defined anatomic nerve distribution, cold intolerance, numbness and 
most have a positive Tinel sign.2,14,15

Surgical treatment of symptomatic digital neuromas depends on the location and nature of 
the injury. Neuromas with an available distal nerve end can be treated with neuroma excision 
alone, excision with burying of the terminal nerve end, or excision followed by neurorrhaphy with 
or without a nerve autograft, nerve allograft or hollow tube conduit depending on the size of the 
nerve gap.16–23 If the distal nerve end is absent, such as in cases of digital amputation, surgical 
options include neuroma excision followed by implantation into muscle or bone, nerve capping, 
“centro-central neurorrhaphy” or “end-to-side” neurorrhaphies, relocation nerve grafting, tar-
geted muscle reinnervation (TMR) or regenerative peripheral nerve interface (RPNI).17,20,24–30

Neuroma excision followed by nerve repair/reconstruction has shown to reduce the rate of 
secondary surgery for symptomatic neuroma.14 The aim of this study was to assess the outcomes 
of surgery for symptomatic digital neuroma and identify the factors that influence post-operative 
patient reported outcomes and pain following surgical treatment of symptomatic digital neuroma.

METHODS

After Institutional Review Board approval, we retrospectively identified patients that underwent 
surgery for symptomatic digital neuroma using Current Procedural Terminology diagnosis codes, 
as previously described.14 We included all adult patients who underwent surgical treatment for 
symptomatic neuroma in the hand and wrist; including the digital nerve and digital branches 
of the radial sensory nerve at one of five urban academic hospitals in the Northeastern United 
States. Of the 91 patients identified that were treated from January 2002 to May 2016, 86/91 
(95%) patients were alive and were contacted by letter and phone to complete the outcome ques-
tionnaires. There were no demographic differences amongst the responders and non-responders 
(Appendix 1).

We were able to contact 29 of 86 patients (34%) who completed patient reported outcome 
questionnaires. The response per surgical technique was: 12 patients (41%) that underwent nerve 
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repair/reconstruction, 9 patients (31%) that underwent excision and implantation responded and 
8 patients (28%) of the patients that underwent neuroma excision alone responded. Patients 
were treated by 12 different surgeons, including seven hand fellowship trained orthopaedic 
surgeons, four hand fellowship trained plastic surgeons and one orthopaedic oncologist. A chart 
review was performed to collect patient-, neuroma- and treatment specific factors. The age re-
ported is the age at time of completion of the questionnaire. A terminal neuroma was defined as 
a neuroma without a distal target (e.g. amputation stump neuroma or end neuroma). A neuroma 
in-continuity was defined as any neuroma with a distal nerve target available for reconstruction. 
Follow-up period was defined from the date of last neuroma surgery until the date of completion 
of the questionnaire.

Patient reported outcomes

Patient reported outcomes were evaluated using the PROMIS Upper Extremity (UE) v2.0 com-
puter adaptive testing (CAT), PROMIS Depression v1.0 CAT, PROMIS pain interference v1.1 CAT, 
and a Numeric Rating Scale for pain (0-10). The PROMIS UE assesses the self-reported function of 
the upper extremities and the PROMIS pain interference assesses the self-reported consequences 
of pain on a patient’s life, a measure to evaluate coping. The PROMIS Depression was collected 
to assess if this confounded other patient reported outcomes, as has been shown in the past.31 
The PROMIS Depression assesses the self-reported negative mood, views of self, social cognition, 
affect and engagement, where a higher score correlates to more depressive symptoms. A PROMIS 
Depression score of 58.6-64.7 indicates moderate depression, a score of 64.7-70.3 indicate mod-
erate/severe depression and a score of more than 70.3 indicates severe depression.32 For both 
PROMIS UE, pain interference and depression a score of 50 is the average for the United States 
general population, with a standard deviation of 10.

Data handling and management, and Statistical analysis

Study data were collected and managed using REDCap (Research Electronic Data Capture) 
electronic data capture tools hosted at our institution.33 REDCap is a secure, web-based applica-
tion designed to support data capture for research studies, providing 1) an intuitive interface 
for validated data entry; 2) audit trails for tracking data manipulation and export procedures; 3) 
automated export procedures for seamless data downloads to common statistical packages; and 
4) procedures for importing data from external sources.

Categorical data were reported as frequencies and percentages and continuous variables 
were reported as the median with the interquartile range (IQR). The PROMIS UE scores and PRO-
MIS pain interference scores were parametric and the NRS pain scores were not non-parametric. 
To evaluate the influence of patient-, neuroma- and treatment characteristics on PROMIS UE 
scores and PROMIS pain interference scores we used a linear regression for age, PROMIS depres-
sion scores, dichotomous explanatory variables, and for categorical explanatory variables. To 
assess the influence of these factors on NRS pain scores we used the Spearman’s rank correlation 
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coefficient for continuous variables and Mann-Whitney U test for dichotomous explanatory vari-
ables and the Kruskal-Wallis test for categorical explanatory variables. To mitigate confounding 
we included all explanatory variables with a p<0.1 in a multivariable linear regression model using 
generalized estimating equations. Additionally, we included PROMIS Depression in the multivari-
able models based on clinical relevance. A p-value of <0.05 was set as statistically significant. All 
analyses were performed using STATA (StataCorp, College Station, USA).

RESULTS

Study population

A total of 33 surgically treated neuromas in 29 patients were analyzed; four patients underwent 
treatment for two symptomatic neuromas. The average patient age was 51.0 years (range: 30.1-68.0) 
and the median follow-up was 7.6 years from the time of surgery (range: 3.2-16.8) (Table 1). The 
most commonly affected digits were the index finger (n=13, 39%) and the thumb (n=9, 27%) (Table 
2). Neuromas predominantly originated from the proper digital nerve (n=27, 82%). The time from 
inciting event (surgery or traumatic injury) to surgery for symptomatic neuroma was 8.8 months 
(IQR: 7.4-17.9), this was reported in 25 (86%) patients. Eleven (39%) of the patients had a positive 
Tinel sign reported in the medical record, and the remainder of the patients reported severe pain or 
hypersensitivity over the area of the presumed site of the neuroma prior to surgical treatment. Only 
two (6.9%) of the patients had a preoperative anesthetic injection and complete pain relief occurred 
in both after injection. Seven (24%) patients were manual laborers and three (10%) patients were 
disabled due to the digital neuroma at the time of completion of the questionnaire.

There were 22 (67%) neuromas in-continuity and 11 (33%) terminal neuromas (Figure 1). 
The cause of neuroma included non-amputation traumatic injuries (n=15, 46%) (14 lacerations, 
1 crush injury), amputations (n=10, 30%), and prior surgery (n=8, 24%) (3 ulnar/radial collateral 
ligament reconstructions, 3 mass/ganglion excisions, 1 carpal tunnel release, 1 oncologic amputa-
tion). Of the nerve lacerations, four underwent direct nerve repair prior to the development of 
symptomatic neuroma. In the operative reports of the surgical amputations, traction neurecto-
mies were reported in three of 10 nerves prior to development of symptomatic neuroma.

Table 1: Patient demographics (n=29)

Characteristic

Age, median (IQR), years 51.0 (10.5)

Male, n(%) 18 (62)

Smoking, n(%) 8 (29)

Diabetes, n(%) 2 (7.4)

Dominant side affected, n(%) 13 (45)
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Table 2: Neuroma characteristics (n=33)

Characteristic

Affected digit, n(%)

Thumb 9 (27)

Index 13 (39)

Middle 4 (12)

Ring 3 (9.1)

Small 4 (12)

Anatomic level, n(%)

Metacarpal 6 (19)

Proximal phalanx 10 (31)

Middle 4 (13)

Distal 1 (3.1)

Amputation stump 11 (34)

Nerve, n(%)

Proper digital 27 (82)

Common digital 2 (6.1)

Digital branches of radial sensory nerve 4 (12)

Location, n(%)*

Ulnar 10 (35)

Radial 12 (41)

Other 7 (24)

Type of neuroma, n(%)

In-continuity 22 (67)

Terminal 11 (33)

Cause, n(%)

Traumatic injury 15 (46)

Surgery 8 (24)

Amputation 10 (30)

Surgical technique, n(%)

Excision with nerve repair 13 (39)

Excision alone 10 (30)

Excision and implantation 10 (30)

*n=29; other: 2 common digital, 4 radial sensory nerve, 1 digital nerve without clear description ulnar/radial

Figure 1: Surgical treatment per 
neuroma type
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Aft er neuroma excision 13 nerve ends (39%) were treated with acti ve/reconstructi ve 
techniques by direct repair (n=4, 12%), repair with a hollow tube conduit (n=4, 12%), posterior 
interosseous nerve autograft  reconstructi on (n=3, 9.1%), or nerve allograft  reconstructi on (n=2, 
6.1%) (Figure 2). Twenty-neuromas (61%) were treated with passive/ablati ve techniques, includ-
ing neuroma excision alone (n=10, 30%) or excision followed by implantati on (n=8, 24%) into 
the interosseous muscles (n=3, 9.1%), hypothenar muscles (n=2, 6.1%), bone (n=1, 3.0%), exten-
sor hood (n=1, 3.0%) or into the subcutaneous ti ssue of a groin fl ap as part of a reconstructi ve 
procedure (n=1, 3.0%). Two terminal nerve ends in one pati ent were treated by centro-central 
neurorrhaphy followed by implantati on into the hypothenar musculature, and was included in 
the “excision with implantati on” group. Two pati ents had a reoperati on in the form of repeat 
excision aft er initi al neuroma excision alone.

Figure 2: Index fi nger neuroma in conti nuity of the radial digital nerve (A & B) that was excised (C) creati ng 
a 9mm gap nerve that was repaired with a 1-2 mm x 15 mm nerve allograft  (Axogen, Inc., Alachua, Florida, 
United States).
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Outcomes

After surgical treatment for symptomatic digital neuroma the mean PROMIS UE score was 
45.2±11.2, the PROMIS pain interference score was 54.3±10.7, and the median NRS pain score 
was 3 (IQR:1-5) (Table 3).

Table 3: Patient reported outcomes

PROMIS PROMIS NRS

Upper Extremity Pain interference Pain

mean	(SD) mean	(SD) median	(IQR)

Overall 45.2 (11.2) 54.3 (10.7) 3 (1-5)

Age (coefficient) -0.47 0.43 0.24

P-value 0.017* 0.025* 0.21a

Sex

Male 45.1 (12.5) 55.7 (11.4) 3 (2-5)

Female 46.2 (9.2) 50.8 (9.2) 1 (0-4)

P-value 0.80* 0.24* 0.22b

Smoking

Yes 43.5 (12.6) 60.1 (8.3) 6 (3-7.5)

No 45.6 (10.6) 52.1 (10.6) 2 (0.5-4)

P-value 0.65* 0.068* 0.016b

Dominant hand affected

Yes 44.7 (13.1) 56.4 (12.3) 3 (2-5)

No 46.2 (9.8) 51.8 (9.1) 1.5 (0.5-4.5)

P-value 0.73* 0.25* 0.21b

PROMIS Depression (coefficient) -0.30 0.42 0.19

P-value 0.13* 0.023* 0.31a

Neuroma	specific	factors

Neuroma type

In-contuinity 47.2 (10) 54.2 (9.6) 2 (1-7)

Terminal 41.7 (12.0) 54.2 (11.9) 4 (2-5)

P-value 0.18* >0.99* 0.82b

Cause

Traumatic injury 48.9 (10.0) 53.7 (10.3) 2 (1-7)

Surgery 44.9 (9.8) 53.2 (9.9) 2.5 (0.5-6)

Amputation 40.4 (12.0) 55.8 (11.3) 4 (3-5)

P-value 0.16* 0.85* 0.92c

Neuroma surgery

Excision with nerve repair/reconstruction 50.2 (10.5) 49.7 (9.0) 1 (0-3)

Excision alone 41.0 (12.1) 56.8 (12.7) 4 (3-8)

Excision and implantation 43.3 (8.1) 57.5 (7.4) 3 (2-5)

P-value 0.10* 0.12* 0.064c

* Using Linear regression, a Using Spearman’s rank correlation coefficient, b Using Mann-Whitney U test, c 
Using Kruskal-Wallis test
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In multivariable analysis, older age (ß=-0.52, p<0.001), higher PROMIS depression scores 
(ß =-0.42, p=0.002) and neuroma excision alone (ß =-8.0, p=0.016) were independently asso-
ciated with lower PROMIS UE scores (Figure 3 & Table 4). Neuroma excision and implantation 
approached lower PROMIS UE scores without reaching statistical significance (ß =-6.3, p=0.056)

Higher PROMIS pain interference scores were independently associated with older age (ß 
=0.40, p<0.001), smoking (ß =6.6, p=0.013), higher PROMIS depression scores (ß =0.41, p<0.001), 
neuroma excision alone (ß=7.9, p=0.005) and neuroma excision and implantation (ß=9.3, p=0.001) 
(Figure 4 & Table 4).

Smoking (ß =0.81, p<0.001), neuroma excision alone (ß =0.91, p<0.001) and neuroma exci-
sion followed by implantation (ß =0.62, 1.2; p=0.022) were independently associated with higher 
NRS pain scores in multivariable analysis (Figure 5 & Table 4).

Table 4: Multivariable linear regression modeled using generalized estimating equations

PROMIS Upper Extremity

Variable Coefficient SE 95% CI P-value

Age -0.52 0.14 [-0.79, -0.25] <0.001

PROMIS Depression -0.42 0.13 [-0.68, -0.16] 0.002

Surgery (ref: excision with nerve repair/reconstruction)

Excision alone -8.0 3.3 [-14.5, -1.5] 0.016

Excision and implantation -6.3 3.3 [-12.8, 0.17] 0.056

PROMIS Pain interference

Variable Coefficient SE 95% CI P-value

Age 0.40 0.11 [0.18, 0.62] <0.001

Smoking (ref: yes) 6.6 2.6 [1.4, 11.7] 0.013

PROMIS Depression 0.41 0.12 [0.12, 0.63] <0.001

Surgery (ref: excision with nerve repair/reconstruction)

Excision alone 7.9 2.8 [2.4, 13.3] 0.005

Excision and implantation 9.3 2.8 [3.9, 14.8] 0.001

Numeric Rating Scale for Pain

Variable Coefficient SE 95% CI P-value

Smoking (ref: yes) 0.81 0.21 [0.40, 1.2] <0.001

PROMIS Depression 0.0049 0.0089 [-0.013, 0.022] 0.58

Surgery (ref: excision with nerve repair/reconstruction)

Excision alone 0.91 0.24 [0.45, 1.4] <0.001

Excision and implantation 0.62 0.27 [0.091, 1.2] 0.022

Coefficient= beta regression coefficient
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Figure 3: Boxplot of the PROMIS 
upper extremity scores per surgical 
treatment. *p<0.05

Figure 4: Boxplot of the PROMIS 
pain interference scores per surgical 
treatment. *p<0.05

Figure 5: Boxplot of the NRS pain 
scores per surgical treatment. 
*p<0.05
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DISCUSSION

This study evaluated patient reported outcomes and factors influencing these outcomes after 
surgical treatment of symptomatic digital neuroma. We report on 29 patients with 33 neuromas 
with at least 3 years of follow-up that were treated with variable techniques for the nerve ending 
during neuroma excision. Many patients with symptomatic neuromas report a reduction in upper 
extremity function and pain that interfered with daily activities. Repair or reconstruction of the 
nerve following neuroma excision appears to have better outcomes related to upper extremity 
function and improved post-operative pain and pain interference scores. We also observed the 
importance of psychosocial patient factors (i.e. coping strategies and depressive symptoms) on 
surgical outcomes of symptomatic digital neuroma.

There are several limitations of this study that need to be considered when interpreting 
the results. First, because this study identified patients retrospectively, we were able to contact 
only 34% of the patients despite attempts to contact all subjects. This could potentially lead to 
participation bias, however we did not see demographic differences amongst responders and 
non-responders. In addition, the cohort available for analysis consisted of 29 patients making 
it possible that our findings are a result of chance rather than a true association. Second, this 
study does not compare surgical to non-surgical treatment or pre-operative to post-operative 
patient reported outcomes. It is unclear whether patients who undergo surgery improve relative 
to those who elect not to undergo surgery; and whether there are characteristics of those who 
undergo surgery that influence outcomes. Third, no patient in this series underwent recently 
described treatments such as targeted muscle reinnervation (TMR) or regenerative peripheral 
nerve interface (RPNI) because of the timeline for treatment in this patient cohort.

Many contemporary neuroma treatment strategies employ an active, rather than a passive, 
approach to the terminal nerve end.23 These approaches appear to satisfy the nerve ending and 
provide a functional destination for the regenerating axons. In this study, we found that surgical 
treatments actively addressing the terminal nerve end following neuroma excision had improved 
functional outcomes, potentially due to less pain and pain interference.

Previous studies have shown that neuroma excision and digital nerve transposition proxi-
mally reduced pain at the site of initial neuroma in 98% of patients, but 38% still had some form 
of post-operative pain.16 Another study also highlighted the clinical challenges associated with 
digital neuromas as 45% of digital neuroma had no improvement in pain after transposition of 
the nerve ends.4 There are many active management strategies, including direct nerve repair, 
use of a hollow tube conduit, nerve allograft, or nerve autograft reconstruction; “end-to-side” or 
“centro-central” neurorrhaphy; relocation nerve grafting; TMR, or RPNI.17,20–22,24–30

The optimal surgical technique for management of digital neuromas is unknown; cases with-
out a terminal nerve ending and limited soft tissue coverage pose a challenge to reconstructive 
and hand surgeons. TMR has demonstrated promising results in the proximal upper extremity; 
the ‘Starfish procedure’ has been recently described in the hand and is indicated in patients with 
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transmetacarpal amputations.24,34 TMR has also been used for digital amputations with neuror-
rhaphy into the motor nerves of the interosseous muscles. Other possibilities for management of 
terminal neuromas include centro-central neurorrhaphy or relocation nerve grafting, but larger 
studies are needed to evaluate their utility.23,30

At minimum, directing a nerve end away from superficial areas may reduce pain from noci-
ceptive stimuli. Providing the regenerating nerve a “runway” of endoneurial tubes through which 
to grow may decrease the incidence of secondary painful neuroma. In addition, nerve regrowth is 
directed away from the dermis which is rich in nerve growth factor (NGF).35,36 Nerve growth factor 
regulates excitability of the nociceptive fibers and has been linked to development of symptom-
atic neuroma.13,36 Lastly, nerve regeneration has been shown to dissipate along long lengths of 
experimental acellular nerve grafts in the laboratory, potentially reducing neuroma formation.37,38

A recent meta-analysis comparing surgical treatments for neuromas throughout the body 
found benefit of surgical treatment but no statistical differences between surgical treatment 
techniques.39 The majority of the studies analyzed did not include neuroma excision followed by 
nerve repair/reconstruction as a treatment option and most (70%) used a nonstandard ordinal 
scale for pain. Guse et al. evaluated outcomes after surgery for neuroma in the forearm and hand 
and found improved DASH scores in patients that underwent neuroma excision and nerve repair 
without accounting for psychosocial factors.40 Domeschek et al. reported average pain scores 
of 4.7±2.9 after upper extremity neuroma excision and implantation, which is higher than our 
findings after neuroma excision and repair (median NRS pain score: 1, IQR: 0-3).2 In the setting 
of a nerve gap, either hollow tube conduits or acellular nerve allografts have shown to improve 
outcomes related to pain.21,22

In patients with carpal tunnel release a minimally clinically important difference (MCID) rang-
ing from 6.3 to 8.0 has been reported for the PROMIS UE, and for the PROMIS pain interference 
this ranged from -8.9 to -9.7 when using an anchor-based approach.41 Using a distribution-based 
approach the MCID would be roughly 5 for both PROMIS scores, as this is half of the standard 
deviation.42 Using these values the MCID is met when comparing neuroma excision followed 
by nerve repair/reconstruction to other surgical techniques, the difference in median for the 
PROMIS UE was 9.1 (51.2 vs. 42.1) and for the PROMIS pain interference it was -9.4 (49.6 vs. 59). 
However, a specific MCID in patients treated with neuroma needs to be established to draw any 
further conclusions.

The diagnosis of a symptomatic neuroma is made after nerve injury and is based primar-
ily on patient history and physical examination.15 Patients report burning, shooting, sharp or 
electric pain in a defined neural anatomic distribution, sometimes in the combination with 
numbness, paresthesias or cold intolerance. These findings combined with at least one of: (1) a 
non-advancing Tinel sign, (2) pain relief following diagnostic injection or (3) imaging confirming a 
neuroma have been suggested as diagnostic criteria for symptomatic neuroma.15 The advantage 
of diagnostic injections is that they may be a useful tool to predict surgical success.3 In our series, 
there were few pre-operative diagnostic injections, likely related to the clarity of presentation 
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and the experience of the treating surgeons in diagnosis. In other anatomic locations, such as the 
ankle, where causes of pain are more difficult to differentiate, diagnostic injections may be more 
commonly used.43

Decreased upper extremity function was associated with older age and higher PROMIS de-
pression scores. That older patients have decreasing physical function is known, but it may also be 
related to ineffective coping skills, as the PROMIS pain interference was also positively correlated 
with age.44 An explanation for inferior coping skills may be because of reduced resilience in older 
patients.45,46 There was no association between age and post-operative pain, less pain may have 
been expected in older patients as they have reduced nerve regeneration and possibly a lower 
potential to develop a recurrent neuroma.47–49

Higher PROMIS depression scores were associated with inferior upper extremity function 
and higher PROMIS pain interference score, which is consistent with previous literature.31,44,50,51 
Awareness of this fact is important because digital neuroma patients have a higher risk of de-
veloping a depression or posttraumatic stress disorder.52 Patients that smoked had higher pain 
interference scores and NRS pain scores. Smokers have shown to have inferior outcomes follow-
ing neuroma surgery, and this may also be due higher levels of anxiety and less effective coping 
skills.3,53–56 Another mechanism could be increased pain due to nicotine induced hypersensitivity, 
which has been described in rats.57

In conclusion, symptomatic digital neuromas impact patients’ daily activities due to reduced 
function and pain. Current surgical treatments should aim to actively address the nerve ends 
following neuroma excision, as this appears to improve patient reported outcomes. Our findings 
also highlight the importance of evaluating psychosocial factors when treating patients with digi-
tal neuromas. There may be a potential for psychological counseling in select patients to further 
improve outcomes.
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Appendix 1: Comparison responders and non-responders (n=99)

Responders Non-responders P-value

Age, mean (SD) years 41.9 (10.7) 42.4 (12.6) 0.85*

Male, n(%) 18 (62) 43 (75) 0.22**

Smoking, n(%) 8 (29) 16 (30) >0.99**

* Using Student’s t-test
** Using Fisher’s exact test
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ABSTRACT

Background: Modifiable risk factors that can be optimized to minimize postoperative complica-
tions in patients with bone sarcomas are yet to be identified.

Methods: We retrospectively identified 275 patients aged 18 and older who underwent surgery 
for primary bone sarcomas who also had albumin values recorded within 4 weeks before surgery. 
Postoperative complications were defined as infection, hematoma, need for additional surgery, 
or wound complications.

Results: In the multivariable analysis, age (P = 0.049) and neoadjuvant radiotherapy (P = 0.008) 
were independently associated with postoperative complications. We then performed a sub-
analysis of patients without a pelvic tumor who also did not receive radiotherapy (n = 178). In this 
population, albumin less than 2.8 g/dL was found to be independently associated with postopera-
tive complications (odds ratio [OR], 4.69. 95% confidence intervals [CI], 1.03-21.97; P = 0.046).

Conclusions: This study demonstrates that hypoalbuminemia (albumin < 2.8 g/dL) is associated 
with postoperative complications in patients with nonpelvic bone sarcomas who do not receive 
radiation. Future studies are necessary to further elucidate the role of nutrition, and they may 
show that nutritional status is a modifiable risk factor that can be optimized to improve the 
outcome of surgery for primary bone sarcomas.
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INTRODUCTION

Advances in chemotherapy, radiation therapy, and reconstructive techniques have made limb 
salvage possible in over 80% of patients with bone sarcomas1. However, post-operative infection 
remains one of the most challenging problems following limb salvage. Patients are neutropenic 
from chemotherapy, experience impaired wound healing due to radiation therapy, and/or have 
large endoprosthetic or allograft reconstructions that can harbor bacteria2. Infections occur in 
12-15% of allograft or endoprosthetic reconstructions and are associated with the significant 
morbidity of additional surgeries and/or amputations3,4.

Abnormal body mass index (BMI) has been found to be associated with worse survival in 
Ewing’s sarcoma and with postoperative infections in osteosarcoma5,6. Additionally, high BMI and 
low white blood cell (WBC) count have been implicated as potential predictors of deep infection 
in allograft reconstructions7. However, BMI and WBC count represent variables that are difficult 
to modify for patients with bone sarcomas. Whether modifiable risk factors that can be readily 
optimized before surgeries for bone sarcomas exist is unknown.

Malnutrition has been identified as a risk factor of postoperative infection and wound 
complications in total hip and knee arthroplasty8,9. When this was addressed with nutritional 
supplementation in patients undergoing abdominal surgery or operative fixation of hip fractures, 
the rate of postoperative complications decreased10,11. No studies have shown this relationship 
in patients undergoing limb salvage surgery. We hypothesize that malnutrition is associated with 
a higher rate of postoperative complications in patients with bone sarcomas requiring surgical 
therapy.

MATERIALS AND METHODS

Following institutional review board (IRB) approval, we retrospectively identified 275 patients 
aged 18 and older who underwent surgery for primary bone sarcomas of the axial and appen-
dicular skeleton between 1992 and 2014 at a single tertiary referral orthopaedic oncology center. 
We identified these patients from our institutional oncology database, and only patients who had 
serum albumin values recorded within 4 weeks prior to surgery were included.

Patient characteristics, tumor characteristics, preoperative serum albumin level and total 
lymphocyte count (TLC) closest to the date of surgery, and treatments were among the variables 
that were recorded. Outcomes such as thromboembolic events and postoperative complications 
were also recorded. A postoperative complication was defined as an infection, hematoma, need 
for additional surgery, or wound complication.
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STATISTICAL ANALYSIS

To evaluate if dichotomous or nominal explanatory variables were associated with postoperative 
complications, we used the Fisher’s exact test. To evaluate if the continuous variables were asso-
ciated with complications, we used the Mann-Whitney U test. A multivariable logistic regression 
was performed using explanatory variables that showed a significance level of p < 0.10 in bivariate 
analyses. A p-value of 0.05 was considered statistically significant for all tests. To identify the cut-
off value for serum albumin levels and TLC we created dichotomous groups for different serum 
levels until tests were significant. All statistical analyses were performed using STATA (STATA Corp., 
Texas, USA).

RESULTS

Fifty four percent of the patients were male and 46% were female, and 35% had axial tumors 
and 65% had appendicular tumors. Histologic diagnoses included osteosarcoma (64%), chondro-
sarcoma (24%), malignant fibrous histiocytoma (MFH)/fibrosarcoma (7%), and Ewing’s sarcoma 
(6%). Sixty nine percent received chemotherapy, 25% received radiation therapy, and 17% re-
ceived both. Follow up for the patients averaged 5 years (range 0.01 to 25 years). Eleven percent 
of patients experienced a postoperative infection, 7% had a hematoma, 18% had a soft tissue 
complication, and 21% required additional surgery. Albumin levels and postoperative complica-
tions based on preoperative albumin levels were distributed as shown in Figures 1 and 2.

In the bivariate analysis, age (p < 0.01), alcohol use (p = 0.026), TLC < 1000 cells/mm3 (p 
= 0.029), albumin < 2.9 g/dL (P = 0.045), neoadjuvant chemotherapy (p = 0.017), neoadjuvant 
radiotherapy (p < 0.001), and location in the pelvis (p = 0.042) were associated with postoperative 
complications (Tables 1 and 2). After adjusting for the statistically significant explanatory variables 
in a multivariable logistic regression model, age (OR: 0.98, 95% CI: 0.96-1.0, p=0.049) and neoad-
juvant radiotherapy (OR: 2.89, 95% CI: 1.32-6.30, p=0.008) were associated with postoperative 
complications (Table 3).

Finally, we performed a sub-analysis excluding patients who underwent radiotherapy or had 
a pelvic tumor (n=97), as these are known to be predictors for postoperative complications12,13. 
In the sub-analysis, 18.5% of patients had a postoperative complication. In bivariate analysis, 
younger age of 19 years (IQR: 25-35) versus 38 years (IQR: 23-51) (p=0.0008), albumin levels < 2.9 
g/dL (p=0.040), and neoadjuvant chemotherapy (p=0.031) were associated with postoperative 
complications. In the multivariable logistic regression model, a serum albumin level < 2.8 g/dL 
was independently associated with postoperative complications (OR: 4.69. 95% CI: 1.03-21.97, 
p=0.046) (Table 4).
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Figure 1: Distributi on of albumin levels obtained within 4 weeks preoperati vely.

Figure 2: Distributi on of complicati ons based on preoperati ve albumin levels.

DISCUSSION

This study evaluated the role of preoperati ve nutriti onal status in 275 pati ents with primary bone 
sarcomas who underwent surgery. In the enti re cohort, the only factors that were found to be 
independently associated with postoperati ve complicati ons were age and neoadjuvant radiati on 
therapy, which are consistent with previous reports[18-20]. However, for pati ents who did not 
have a pelvic tumor or receive neoadjuvant radiotherapy, we found an independent associati on 
between postoperati ve complicati ons and a serum albumin level < 2.8 g/dL.

In the modern era of limb salvage surgery, primary sarcomas of bone are typically treated 
with wide resecti on followed by reconstructi on with allograft  bone, an endoprosthesis, or an 
allograft  prostheti c composite, in additi on to chemotherapy and/or radiati on therapy14. However, 
postoperati ve complicati ons such as infecti on remain a signifi cant clinical challenge, as peripros-
theti c joint infecti ons (PJI) can result in the need for additi onal surgeries, amputati on, and even 
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death2,15. While features such as age, size, location, histologic grade, and presence of pulmonary 
metastases can predict prognosis for patients with bone sarcomas16-18, they represent static at-
tributes that cannot be actively optimized to improve outcome.

Table 1: Bivariate analysis of postoperative complications in all patients based on demographic data

Variable All Complications

Yes (n=70) No (n=205)

Age, median (IQR) 29 (16-53) 39 (23-54)

p-value1 0.0099

Male, n(%) 42 (28.2) 107 (71.8)

p-value* 0.26

Smoking, n(%) 14 (26.9) 56 (25.1)

p-value* 0.79

Alcohol, n(%) 21 (19.6) 86 (80.4)

p-value* 0.02

Diabetes, n(%) 5 (35.7) 9 (64.3)

p-value* 0.16

Race, n(%)

Caucasian 53 (25.1) 158 (74.9)

African American 3 (33.3) 6 (66.7)

Hispanic 2 (33.3) 4 (66.7)

Asian 1 (25.0) 3 (75.0)

Other 2 (33.3) 4 (66.7)

Unknown 9 (23.1) 30 (76.9)

p-value* 0.98

Diagnosis, n(%)

Osteosarcoma 48 (27.3) 128 (72.7)

Chondrosarcoma 13 (19.7) 53 (80.3)

MFH/Fibrosarcoma 5 (27.8) 13 (72.2)

Ewing’s sarcoma 4 (26.7) 11 (73.3)

p-value* 0.77

Location, n(%)

Femur 20 (19.6) 82 (80.4)

Pelvis 25 (41.0) 36 (59.0)

Tibia 9 (25.0) 27 (75.0)

Vertebra 7 (33.3) 15 (66.7)

Humerus 5 (29.4) 12 (70.6)

Scapula 1 (10.0) 9 (90.0)

Below the knee 2 (14.3) 12 (85.7)

Other 1 (7.1) 13 (92.9)

p-value* 0.042
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Table 1: Bivariate analysis of postoperative complications in all patients based on demographic data (contin-
ued)

Variable All Complications

Yes (n=70) No (n=205)

Surgery, n(%)

Resection 48 (24.1) 151 (75.9)

Amputation 3 (17.7) 14 (82.4)

Excision 5 (41.7) 7 (58.3)

Hemipelvectomy 10 (43.5) 13 (56.5)

Hip disarticulation 0 5 (100)

Other 4 (22.2) 14 (77.8)

p-value* 0.18

Reconstruction, n(%)

No 41 (22.3) 143 (77.7)

Yes 29 (31.9) 62 (68.1)

p-value* 0.18

Neoadjuvant chemotherapy, n(%) 49 (31.0) 21 (18.0)

p-value* 0.017

Adjuvant chemotherapy, n(%) 40 (25.6) 30 (25.2)

p-value* 0.99

Neoadjuvant radiotherapy, n(%) 22 (50.0) 48 (20.8)

p-value* <0.001

Adjuvant radiotherapy, n(%) 12 (29.3) 58 (24.8)

p-value* 0.56

1 Using Mann-Whitney U test * Using Fisher’s exact test

Table 2: Bivariate analysis of nutrition related factors in all patients

Variable All Complications

Yes (n=70) No (n=205)

Albumin, median (IQR) (g/dL) 4.1 (3.5, 4.3) 4.1 (3.6, 4.5)

p-value* 0.301

Albumin < 2.9 g/dL, n(%) 8 (47.1) 9 (52.9)

p-value* 0.045

TLC, median (IQR), (cells/mm3) 1120 (504, 1856) 1400 (784, 1992)

p-value* 0.0561

TLC < 1000 cells/mm3 31 (33.7) 61 (66.3)

p-value* 0.029

* Using Fisher’s exact test
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Malnutrition has been implicated in worse clinical outcomes following surgery in both ret-
rospective and prospective studies. Yi et al. retrospectively analyzed patients who underwent 
aseptic revision total joint arthroplasties (TJAs) and reported that malnutrition, as evaluated by 
serum albumin, TLC, or transferrin, was independently associated with chronic PJI and acute 
postoperative infections19. Patients with hypoalbuminemia were found to have higher rates of 
postoperative infections following aseptic revision TJAs in a study of patients from the American 
College of Surgeons National Surgical Quality Improvement Program (ACS-NSQIP) registry9. A 
similar study of patients who underwent primary total hip and knee arthroplasties found an 
association between hypoalbuminemia and surgical site infection, pneumonia, extended length 
of stay, and readmissions8. Eneroth et al. prospectively randomized hip fracture patients who 
underwent surgery within 48 hours of the trauma to ordinary food vs. 7 days of parenteral and en-
teral nutritional supplementation and reported a 15% complication rate in the supplementation 
cohort vs. a 70% complication rate in the control group10. Finally, Jie et al. performed a prospec-
tive cohort study of patients undergoing abdominal surgery and found that the administration of 
a minimum of 7 days of enteral or parenteral nutritional supplementation led to a shorter hospital 
stay and lower complication rate11.

Table 3: Logistic regression of postoperative complications in all patients

Variable Odds Ratio Standard error 95% Confidence Interval P Value

Age 0.98 0.091 [0.96, 1.0] 0.049

TLC < 1000 cells/mm3 1.52 0.48 [0.83, 2.82] 0.18

Albumin < 2.9 2.26 1.23 [0.77, 6.57] 0.14

Location (reference: pelvis) 1.97 0.69 [0.99, 3.91] 0.053

Neoadjuvant chemotherapy 1.45 0.5 [0.75, 2.87] 0.28

Neoadjuvant radiotherapy 2.89 1.15 [1.32, 6.30] 0.008

Area under the receiver operating characteristic curve = 0.74
Pseudo R2, 0.105
P-value for Hosmer-Lemeshow test, 0.25

Table 4: Logistic regression of postoperative complications in patients with non-pelvic tumors who did not 
receive radiation therapy

Variable Odds Ratio Standard error 95% Confidence Interval P Value

Age 0.97 0.013 [0.95, 1.0] 0.054

Albumin < 2.8 g/dL 4.69 3.71 [1.03, 21.97] 0.046

Neoadjuvant chemotherapy 1.54 0.84 [0.55, 4.46] 0.40

Adjuvant chemotherapy 1.46 0.75 [0.52, 4.01] 0.48

Area under the receiver operating characteristic curve = 0.73
Pseudo R2, 0.085
P-value for Hosmer-Lemeshow test, 0.10
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This study had several limitations. First, it was retrospective in nature, and while we could 
show associations with postoperative wound complications, only a prospective, randomized study 
can show causation. Secondly, our study included a heterogeneous population. For instance, the 
two largest cohorts were patients with osteosarcoma (64%) and chondrosarcoma (24%). We 
performed sub-group analyses on patients by histology and were unable to find any statistically 
significant associations, which was likely due to the small sample size. Furthermore, we did not 
find an independent association between neoadjuvant chemotherapy and wound complications. 
Finally, we were unable to assess malnutrition by markers such as pre-albumin and transferrin, 
since those were infrequently obtained. The addition of these variables may have helped us to 
better identify malnourished patients, but serum albumin is one of the most commonly used 
markers of malnutrition in the literature20.

CONCLUSIONS

In conclusion, this study demonstrated an association between postoperative complications and 
malnutrition in a subset of patients with primary bone sarcomas. These findings warrant further 
studies to determine whether optimizing nutritional status may be associated with improved 
outcomes following surgery for primary bone sarcomas.
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ABSTRACT

Background: Prior research documents that greater psychologic distress (anxiety/depression) 
and less effective coping strategies (catastrophic thinking, kinesophobia) are associated with 
greater pain intensity and greater limitations. Recognition and acknowledgment of verbal and 
nonverbal indicators of psychologic factors might raise opportunities for improved psychologic 
health. There is evidence that specific patient words and phrases indicate greater catastrophic 
thinking. This study tested proposed nonverbal indicators (such as flexion of the wrist during 
attempted finger flexion or extension of uninjured fingers as the stiff and painful finger is flexed) 
for their association with catastrophic thinking.

Questions/purposes: (1) Do patients with specific protective hand postures during physical 
examination have greater pain interference (limitation of activity in response to nociception), 
limitations, symptoms of depression, catastrophic thinking (protectiveness, preparation for the 
worst), and kinesophobia (fear of movement)? (2) Do greater numbers of protective hand pos-
tures correlate with worse scores on these measures?

Methods: Between October 2014 and September 2016, 156 adult patients with stiff or painful 
fingers within 2 months after sustaining a finger, hand, or wrist injury were invited to participate 
in this study. Six patients chose not to participate as a result of time constraints and one patient 
was excluded as a result of inconsistent scoring of a possible hand posture, leaving 149 patients 
for analysis. We asked all patients to complete a set of questionnaires and a sociodemographic 
survey. We used Patient Reported Outcomes Measurement Information System (PROMIS) De-
pression, Upper Extremity Physical Function, and Pain Interference computer adaptive test (CAT) 
questionnaires. We used the Abbreviated Pain Catastrophizing Scale (PCS-4) to measure cata-
strophic thinking in response to nociception. Finally, we used the Tampa Scale of Kinesophobia 
(TSK) to assess fear of movement. The occurrence of protective hand postures during the physical 
examination was noted by both the physician and researcher. For uncertainty or disagreement, a 
video of the physical examination was recorded and a group decision was made.

Results: Patients with one or more protective hand postures did not score higher on the PROMIS 
Pain Interference CAT (hand posture: 59 [56-64]; no posture: 59 [54-63]; difference of medians: 
0; p = 0.273), Physical Function CAT (32 ± 8 versus 34 ± 8; mean difference: 2 [confidence interval 
{CI}, -0.5 to 5]; p = 0.107), nor the Depression CAT (48 [41-55] versus 48 [42-53]; difference of 
medians: 0; p = 0.662). However, having at least one hand posture was associated with a higher 
degree of catastrophic thinking (PCS scores: 13 [6-26] versus 10 [3-16]; difference of medians: 3; 
p = 0.0104) and a higher level of kinesophobia (TSK: 40 ± 6 versus TSK: 38 ± 6; mean difference: -2 
[CI, -4 to -1]; p = 0.0420). Greater catastrophic thinking was associated with a greater number of 
protective hand postures on average (rho: 0.20, p = 0.0138).
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Conclusions: Protective hand postures and (based on prior research) specific words and phrases 
are associated with catastrophic thinking and kinesophobia, less effective coping strategies that 
hinder recovery. Surgeons can learn to recognize these signs and begin to treat catastrophic think-
ing and kinesophobia starting with compassion, empathy, and patience and be prepared to add 
formal support (such as cognitive-behavioral therapy) to help facilitate recovery.
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INTRODUCTION

Catastrophic thinking, defined as protectiveness and preparation for the worst in response to 
nociception, is associated with finger stiffness after injury [2, 17].

Previous studies have examined the verbal signs of catastrophic thinking. In recordings of 
patient visits, phrases with content reflecting “I can’t…” (eg, “I can’t even lift a cup of coffee”) and 
those with content reflecting “It’s serious…” (eg, “I have a high threshold for pain”) correlated 
with greater catastrophic thinking [4]. In another study, the degree to which patients agreed 
with phrases such as “I’m weak,” “I’m dropping things,” and “It’s unbearable” correlated with 
lower levels of pain self-efficacy (confidence in ability to achieve goals despite nociception [18]. 
Both catastrophic thinking and pain self-efficacy are highly correlated with the Patient Reported 
Outcomes Measurement Information System (PROMIS) Pain Interference measure, measuring 
the degree to which nociception hinders ability to achieve goals. This correlation is strong enough 
that they might all be measuring the same underlying strategy [7].

We began to notice specific hand postures during physical examination in patients who 
seemed relatively protective. We wondered whether these postures were nonverbal signs of 
greater catastrophic thinking and lower self-efficacy. For instance, people trying to make a fist 
seem to flex their wrist when they are feeling like the stretch might cause harm. When stretching 
a stiff finger into the palm, we observed a tendency to extend the other fingers as the sore finger 
makes progress. What is notable about these postures is that they hinder an effective stretch. It 
is not possible to make a complete composite fist with one finger extended or the wrist flexed. In 
other words, the body seems to instinctively protect itself by interfering with the effectiveness of 
the stretch. These observed hand postures seem to be a nonverbal expression of protectiveness 
(catastrophic thinking and kinesophobia). People caring for those who are recovering from an 
injury or surgery can learn to recognize the verbal and nonverbal signs of less effective coping 
strategies. This may be a way—in addition to screening questionnaires—to identify opportunities 
to enhance resiliency. Administering psychologic questionnaires risks offending patients. Aware-
ness of and engagement with the verbal and nonverbal signs of less effective coping strategies 
may be beneficial. Sometimes people do not answer the questions on a questionnaire genuinely, 
so verbal and nonverbal signs can provide another opportunity to identify opportunities to work 
on resiliency. Given the strong relationship between distress (anxiety/depression) and less effec-
tive coping strategies (catastrophic thinking, kinesophobia) with pain intensity and magnitude 
of limitations [2, 8, 10, 11], it may prove helpful to identify nonverbal indicators of high-yield 
psychologic opportunities to facilitate recovery. Addressing these less effective coping strategies 
in an early stage of recovery might identify opportunities to speed recovery. To improve early 
recognition of these coping strategies, we evaluated if protective hand postures are associated 
with psychologic factors.

Therefore, we asked: (1) Do patients with specific hand postures during physical examination 
score higher on questionnaires assessing pain interference, limitations, symptoms of depression, 
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catastrophic thinking, and kinesophobia? (2) Do greater numbers of hand postures correlate with 
limitations or psychologic factors?

PATIENTS AND METHODS

After institutional review board approval by our Human Research Committee, we performed 
a cross-sectional, observational study. During regular outpatient visits to our upper extremity 
clinic within a tertiary care hospital in the northeastern United States, we approached patients 
to voluntarily participate in this study. Inclusion criteria were adult patients with stiff or painful 
fingers after a finger, hand, or wrist injury. Research assistants identified potential subjects on 
the list of the day’s patients. Then the research assistant joined the surgeon for the visit and the 
surgeon confirmed inclusion or exclusion. From October 2014 until September 2016, we invited 
156 patients to participate. Six patients chose not to participate as a result of time constraints and 
one patient was excluded as a result of inconsistent scoring of this possible hand posture, leaving 
149 patients for analysis.

Measurements

Our main explanatory variable was the presence or absence of specific hand postures during the 
physical examination (Table 1; Fig. 1). During this examination, the patient was asked to make 
a fist with the injured side and subsequently the hand movements were observed by both the 
physician and the researcher. All participating physicians and researchers were trained in diagnos-
ing the specific hand postures. Physicians and researchers were provided with a detailed descrip-
tion of possible hand postures that could be observed. All hand postures were demonstrated to 
study staff and the first three patients were scored for absence or presence of a hand posture 
with an experienced member of the study staff present in the room. In general, scoring hand 
postures is easy to learn and most can be observed clearly. When uncertainty of the presence of 
a hand posture existed or when the physician and researcher did not agree on scoring the hand 
postures, a video of the physical examination was recorded and a group decision was made. We 

Table 1. Description of specific hand postures among 55 patients (n = 81)

Description hand posture Number (%)

Detachment: holding hand as if it is detached 3 (4)

Uninjured fingers extend as stiff/painful finger is flexed 14 (17)

Use opposite hand to move the injured finger when asked to demonstrate motor strength 3 (4)

Wrist flexion during attempted finger flexion 24 (30)

Thumb obstructs path of finger flexion 11 (14)

Avoiding use of uninjured fingers 14 (17)

Avoiding all flexion of the stiff/painful finger 12 (15)
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also recorded the total number of hand postures for each pati ent. We did not blind observers to 
the interview and aff ect of the pati ent. We also did not test the reliability of the diagnosis of these 
hand postures.

All pati ents were asked to complete the following validated and widely used questi onnaires 
by a researcher (SCW, JL, CAB) not involved in pati ent care: (1) a sociodemographic survey; (2) the 
PROMIS Pain Interference computer adapti ve test (CAT) assessing self-reported consequences of 
pain on relevant aspects of pati ents’ daily life; (3) PROMIS Upper Extremity Physical Functi on CAT 
assessing physical limitati ons; (4) PROMIS Depression CAT assessing depression; (5) the Abbrevi-
ated Pain Catastrophizing Scale (PCS-4) assessing protecti veness and irrati onally preparing for the 
worst; and (6) the Tampa Scale of Kinesophobia (TSK) assessing fear of movement as a result of 
injury. The physician provided the diagnosis.

Pati ents completed three validated PROMIS CATs [1, 5, 12]. The overall score of each PROMIS 
CAT questi onnaire ranges from 0 to 100; a score of 50 corresponds with the mean for the US 
general populati on. The PROMIS Pain Interference questi onnaire evaluates the negati ve eff ects 
of pain on common social, cogniti ve, emoti onal, physical, and recreati onal aspects of daily life 
with higher scores indicati ng a higher degree of pain interference [1]. The PROMIS Upper Ex-
tremity Functi on questi onnaire assesses a pati ent’s ability to accomplish physical acti viti es using 
the upper extremity with lower scores indicati ng greater limitati ons of the upper extremity. The 
PROMIS Depression questi onnaire evaluates severity of symptoms of depression with higher 
scores indicati ng greater symptoms of depression [12, 15].

The abbreviated PCS-4 consists of four questi ons of the original 13-item PCS (PCS-13) of 
which validity was previously established [3]. The full-length questi onnaire contains 13 questi ons 

Figure 1: This fi gure shows the seven specifi c hand postures: (A) detachment: presenti ng the hand as if it is 
detached; (B) uninjured fi ngers extend as the sti ff /painful fi nger is fl exed; (C) uses opposite hand to move the 
injured fi nger when asked to demonstrate motor strength; (D) wrist fl exion during att empted fi nger fl exion; 
(E) thumb obstructs the path of fi nger fl exion; (F) avoiding use of uninjured fi ngers; and (G) avoiding all fl exion 
of the sti ff /painful fi nger.
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assessing three domains—helplessness, magnification, and rumination—and quantifies cata-
strophic thinking in patients. Based on a 4-point Likert scale, the total score can range from 0 to 
52. A higher score indicates greater misinterpretation of pain perception, leading to catastroph-
izing of pain [15].

The TSK questionnaire contains 17 questions to assess the fear of avoidance, the fear of 
movement, and the fear of work-related activities, resulting from the feeling of vulnerability to 
painful (re)injury [6, 19]. This validated and reliable psychometric questionnaire [9] uses a 4-point 
Likert scale with a total score ranging from 17 to 68. A score of 37 or higher is considered a high 
degree of kinesophobia [19].

The following sociodemographic variables were collected: gender, age, education, race, work 
status, marital status, smoking status, if it was their first visit with the hand surgeon, whether the 
patient received any prior treatment for their injury, and if the patient experienced other pain 
disorders. Final diagnosis from the patient’s medical record was categorized as finger fracture, 
metacarpal fracture, wrist fracture, finger sprain finger, laceration, mallet fracture, carpal bone 
fracture, or wrist sprain.

Sample Size Calculation

An a priori sample size calculation showed that 146 patients provided 80% power to detect a 
difference in effect of the PROMIS Pain Interference questionnaire on patients with or without a 
hand posture in a multivariable logistic regression analysis model (R2 0.3) with a moderate effect 
size of 0.5 with α set at 0.05. To account for possible missing data or need for additional exclusion 
of patients, we enrolled 150 patients and analyzed 149 patients.

Statistical Analysis

A potential association of all patient-reported outcome measurement scores and other explana-
tory variables with our dichotomous variable presence or absence of a hand posture was as-
sessed using an unpaired Student’s t-test, Mann-Whitney U-test, or the two-sided Fisher’s exact 
test based on variable type and distribution.

For our second aim regarding correlation between numbers of specific hand postures (or-
dinal explanatory variable) and the previously mentioned measures, bivariate analysis was also 
performed. An association of each explanatory variable was assessed using Spearman correlation, 
Mann-Whitney U-test, or the Kruskal-Wallis based on variable type and distribution.

Continuous data were tested for their normality using the Shapiro-Wilk test and presented 
as mean with SD and median with interquartile range (IQR). When assessing the association 
between two continuous variables, the correlation was reported. Dichotomous and categorical 
data were presented as frequencies with percentages.

A two-tailed p value of < 0.05 was considered significant for all tests.
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Patient Characteristics

Our study population consisted of 74 men (47%) and 76 women with a median (IQR) age of 46 
(28-61) years. Most patients were white (81%), worked full-time (53%), and had a fracture of the 
finger, hand, or wrist (75%). Of the 149 patients, 55 patients (37%) had a hand posture. A total 
of seven different hand postures were observed, of which “wrist flexion during attempted finger 
flexion” was observed most often (30%) followed by “uninjured fingers extend as stiff/painful 
finger is flexed” (17%) and “avoiding use of uninjured fingers” (17%). Among the 55 patients with 
a hand posture, 35 patients (64%) had one hand posture, 15 patients had two (27%), four had 
three (7%), and one (2%) had four hand postures.

RESULTS

Patients with one or more specific hand postures (Table 2) did not score higher on the PROMIS 
Pain Interference CAT (hand posture: 59 [56-64]; no posture: 59 [54-63]; difference of medians: 
0; p = 0.273), Upper Extremity Physical Function CAT (32 ± 8 versus 34 ± 8; mean difference: 2 
[confidence interval {CI}, -0.5 to 5]; p = 0.107), nor the Depression CAT (48 [41-55] versus 48 
[42-53]; difference of medians: 0; p = 0.662). However, having at least one hand posture was 
associated with a higher degree of catastrophic thinking (PCS scores: 13 [7-26] versus 10 [3-16]; 
difference of medians: 3; p = 0.0104) and a higher level of kinesophobia (TSK: 40 ± 6 versus TSK: 
38 ± 6; mean difference: -2 [CI, -4 to -1]; p = 0.0420). The PCS and TSK are highly correlated and at 
high risk of collinearity, so we did not perform a multivariable logistic regression analysis.

Table 2: Bivariate analysis: hand posture and patient questionnaire scores (n = 149)

 Hand posture   

Parameter Yes (n = 55 [37%]) No (n = 94 [63%])  p value

T-test Mean (SD; 95% CI) Mean (SD; 95% CI) Mean difference  

PROMIS Upper Extremity 32 (8; 29–34) 34 (8; 32-35) 2 (-0.5 and 5) 0.107

Tampa Scale of Kinesophobia 40 (6; 39-42) 38 (6; 37-39) -2 (-4 and -1) 0.0420*

Mann-Whitney U-test Median (IQR) Median (IQR)   

Age (years) 46 (31-57) 46 (30-61)  0.906

Time since injury (days) 16 (6-30) 20 (9-30)  0.273

Education (years) 16 (14-17) 16 (12-17)  0.495

PROMIS Depression 48 (41-55) 48 (42-53)  0.662

PROMIS Pain Interference 59 (56-64) 59 (54-63)  0.273

PCS score 13 (7-26) 9.8 (3-16)  0.0104*
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Table 2: Bivariate analysis: hand posture and patient questionnaire scores (n = 149) (continued)
 Hand posture   

Fisher’s exact Number (%) Number (%) Odd ratio (95% CI)  

Men 25 (45) 49 (52) 0.77 (0.39-1.5) 0.498

Race    0.286

White 40 (73) 80 (85) Reference  

Black 3 (5) 5 (5) 1.2 (0.27-5.3)  

Hispanic 4 (7) 3 (3) 2.7 (0.57-12)  

Asian 4 (7) 4 (4) 2 (0.48-8.4)  

Other 4 (7) 2 (2) 4 (0.70-23)  

Marital status    0.396

Single 17 (31) 37 (39) 0.75 (0.35-1.6)  

Living with partner 7 (13) 7 (7) 1.6 (0.51-5.2)  

Married 25 (45) 41 (44) Reference  

Separated/divorced 6 (11) 6 (6) 1.6 (0.48-5.6)  

Widowed 0 (0) 3 (3) *  

Smoker 10 (18) 21 (22) 0.77 (0.33-1.8) 0.677

Diagnosis    0.997

Finger fracture 38 (40) 23 (41) Reference  

Metacarpal fracture 13 (24) 23 (24) 0.93 (0.39-2.2)  

Wrist fracture 4 (7) 9 (10) 0.73 (0.20-2.7)  

Finger sprain 6 (11) 10 (11) 0.99 (0.32-3.1)  

Finger laceration 5 (9) 6 (6) 1.4 (0.38-5.0)  

Mallet fracture 2 (4) 3 (3) 1.1 (0.17-7.1)  

Carpal bone fracture 1 (2) 2 (2) 0.83 (0.071-9.6)  

Wrist sprain 1 (2) 3 (3) 0.55 (0.054-5.6)  

Other pain disorders 14 (25) 21 (22) 1.2 (0.55-2.6) 0.692

Prior treatment 33 (60) 48 (51) 1.4 (0.73-2.8) 0.311

First visit 25 (45) 38 (40) 1.2 (0.62-2.4) 0.608

Work status    0.589

Work, full-time 30 (55) 49 (52) Reference  

Work, part-time 5 (9) 10 (11) 0.82 (0.25-2.6)  

Homemaker 1 (2) 0 (0) *  

Retired 6 (11) 16 (17) 0.61 (0.22-1.7)  

Unemployed, able to work 4 (7) 6 (6) 1.1 (0.28-4.1)  

Unemployed, unable to work 3 (5) 6 (6) 0.82 (0.19-3.5)  

On sick leave 2 (4) 0 (0) *  

Student 4 (7) 7 (7) 0.93 (0.25-3.5)  

*PCS score and Tampa score are collinear variables; no multivariable logistic regression performed; PROMIS 
= Patient-Reported Outcomes Measurement Information System; PCS = Pain Catastrophizing Scale; CI = confi-
dence interval; IQR = interquartile range; * = Odds ratios could not be calculated due to small number of cases
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Table 3: Bivariate analysis: number of hand postures 0 to 4 (n = 149)

   Parameter Result analysis p value

Spearman correlation Correlation  

Age (years) 0.007 0.933

Time since injury (days) -0.093 0.26

Education (years) 0.087 0.291

PROMIS Upper Extremity -0.11 0.163

PROMIS Depression 0.028 0.735

PROMIS Pain Interference 0.073 0.376

Tampa Scale of Kinesophobia 0.12 0.159

PCS score 0.2 0.0138

Mann-Whitney U-test Number of hand postures n (%)  

 0 1 2 3 4  

Men 49 (52) 18 (51) 6 (40) 1 (25) 0 (0) 0.292

Smoker 21 (22) 5 (14) 4 (27) 1 (25) 0 (0) 0.691

Other pain disorders 21 (22) 7 (20) 5 (33) 1 (25) 1 (100) 0.474

Prior treatment 48 (51) 21 (60) 10 (67) 1 (25) 1 (100) 0.323

First visit 38 (40) 17 (49) 5 (33) 5 (50) 1 (100) 0.619

Kruskal-Wallis test  Number of hand postures n (%)  

 0 1 2 3 4  

Race      0.698

      White 80 (85) 24 (69) 11 (73) 4 (100) 1 (100)  

      Black 5 (5) 1 (3) 2 (13) 0 (0) 0 (0)  

      Hispanic 3 (3) 4 (11) 0 (0) 0 (0) 0 (0)  

      Asian 4 (4) 3 (9) 1 (7) 0 (0) 0 (0)  

      Other 2 (2) 3 (9) 1 (7) 0 (0) 0 (0)  

Marital status      0.558

      Single 37 (39) 12 (34) 4 (27) 1 (25) 0 (0)  

      Living with partner 7 (7) 5 (14) 2 (13) 0 (0) 0 (0)  

      Married 41 (44) 14 (40) 7 (47) 3 (75) 1 (100)  

      Separated / divorced 6 (6) 4 (11) 2 (13) 0 (0) 0 (0)  

      Widowed 3 (3) 0 (0) 0 (0) 0 (0) 0 (0)  

Diagnosis      0.999

      Finger fracture 38(40) 12 (34) 10 (67) 1 (25) 0 (0)  

      Metacarpal fracture 23 (24) 9 (26) 3 (20) 0 (0) 1 (100)  

      Wrist fracture 9 (10) 2 (6) 1 (7) 1 (25) 0 (0)  

      Finger sprain 10 (11) 4 (11) 0 (0) 2 (50) 0 (0)  

      Finger laceration 6 (6) 4 (11) 1 (7) 0 (0) 0 (0)

      Mallet fracture 3 (3) 2 (6) 0 (0) 0 (0) 0 (0)

      Carpal bone fracture 2 (2) 1 (3) 0 (0) 0 (0) 0 (0)

      Wrist sprain 3 (3) 1 (3) 0 (0) 0 (0) 0 (0)

PROMIS = Patient-Reported Outcomes Measurement Information System; PCS = Pain Catastrophizing Scale; 
IQR = interquartile range.
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Greater catastrophic thinking was associated with a greater number of hand postures on 
average (rho: 0.20, p = 0.0138; Table 3). Because there was only one associated factor, we did not 
perform an ordinal logistic regression analysis.

DISCUSSION

Prior research showed that catastrophic thinking is associated with greater pain intensity and 
greater magnitude of limitations and correlates with greater finger stiffness [2, 17]. Verbal indica-
tors of catastrophic thinking such as “I can’t…,” “It’s serious…,” and “I’m weak” are described 
[4, 18] and can help clinicians identify opportunities to improve health by developing more 
effective coping strategies. In practice, we noticed some nonverbal cues we thought might be 
associated with catastrophic thinking, but did not find any studies that tried to characterize these. 
We therefore studied if patients with a hand posture during physical examination scored higher 
on questionnaires assessing pain interference, symptoms of depression, limitations, catastrophic 
thinking, and kinesophobia. In addition, we studied if these patient-reported outcome measure-
ments correlated with the number of observed hand postures. We found that patients with a 
hand posture did not score higher on the PROMIS Pain Interference, PROMIS Upper Extremity, 
and PROMIS Depression. However, we did find a higher degree of catastrophic thinking and 
kinesophobia among patients with at least one hand posture. Patients with greater catastrophic 
thinking had a higher total number of hand postures on average.

There were a few limitations to this study. First, the assessment of the presence of a hand 
posture is somewhat subjective and we did not test reliability. However, all physicians and 
researchers were trained to diagnose specific hand postures. Most hand postures are easy to 
diagnose and likely reliable; however, we did not formally test the reliability of diagnosis of a 
hand posture. Some postures can be subtle and if there was any systematic bias, we suspect 
it was that the postures were present more often than the study staff recognized or recorded, 
which would create a stronger association than we noted. Second, both assessors listened to the 
patient describe the problem and were at least partially aware of any associated distress, which 
could have biased the scoring. On the other hand, two assessors were present in the room and 
diagnosed the hand postures. Furthermore, when the physician and researcher did not agree on 
the scoring or when uncertainty of a hand posture existed, video material was collected and a 
group decision was made. Third, we included patients who presented with a variety of different 
injuries of the hand and upper extremity. The results might have been different if we only included 
patients with one specific type of traumatic injury. However, our approach could be considered 
a strength because it represents the common spectrum of painful/stiff finger-related injuries 
in a hand surgery office. Third, patients were treated by different physicians, which may have 
influenced both the attempts at moving and stretching and response to coaching. The utilization 
of hand therapy varied among physicians as well. Fourth, the finding of an association between 
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catastrophic thinking and presence of a hand posture was a secondary study question and needs 
to be confirmed in a study with this as the primary study question.

Protective hand postures were associated with greater catastrophic thinking and greater ki-
nesophobia, but not with greater pain interference, symptoms of depression, or upper extremity-
specific limitations. The lack of association between PROMIS Pain Interference and protective 
hand postures is surprising given the high correlation of pain interference with catastrophic 
thinking [7]. Cognitive factors account for approximately half of the variation of interference in 
daily activities mediated by pain [16]. Perhaps pain interference may be partly a measure of limi-
tations and partly a measure of coping strategies, and direct measures of coping strategies may 
be preferable. The association of catastrophic thinking with protective hand postures is consistent 
with the findings of Teunis et al. [17] that catastrophic thinking is a major determinant of finger 
stiffness after distal radius fracture surgery. Roh et al. [13] found that preoperative catastrophic 
thinking was associated with delayed recovery of strength, motion, and disability after surgery 
for fracture of the distal radius. Another study showed that catastrophic thinking also delayed 
recovery among patients with hand fractures, particularly in the first 3 months after injury [14]. 
Nonverbal signs of catastrophic thinking such as protective hand postures can prompt clinicians 
to guide patients toward more effective coping strategies to facilitate recovery.

Patients with more hand postures have greater catastrophic thinking. The combined findings 
that any single protective hand posture is associated with catastrophic thinking and that a greater 
number of postures indicates greater catastrophic thinking indicate a response curve that clini-
cians can use to be aware of the potential level of catastrophic thinking. We are not aware of prior 
studies of protective hand postures, but this association makes sense. Just as humans withdraw 
from pain in an attempt to limit damage (e.g., a hot pan or stove), if painful finger motion seems 
harmful, humans assume postures that hinder or “protect” themselves from those movements. 
For instance, flexing the wrist or extending noninjured fingers both hinder attempted flexion of 
the injured finger.

The combined evidence of verbal (prior research) and nonverbal (this study) signs of less 
effective coping strategies provides clinicians the means to identify less effective coping strategies 
other than questionnaire administration. Most clinicians have not yet implemented routine ad-
ministration of measures of coping strategies. Among those that have, the measures may not be 
immediately scored or available at the point of care. In addition, some patients are uncomfortable 
with the implications of psychologic questionnaires and may not answer them honestly. Aware-
ness and recognition of the verbal and nonverbal signs of less effective coping strategies can be 
a timely reminder to foster optimal thoughts, emotions, and behaviors to ease and speed the 
recovery process. Patients with slow progress, limited response to support and education, and 
one or more protective hand postures might benefit from specific treatments based on cognitive-
behavioral therapy and its derivatives.
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Purpose

The purpose of this thesis was to explore different aspects in the treatment of orthopaedic upper 
extremity tumors, and to answer the questions that were posed in the introduction. This was 
approached by evaluating musculoskeletal tumors of the hand giving insight into the patient 
characteristics, most common histologic subtypes and their oncologic outcomes. Additionally, 
predictors were assessed for developing a pathologic fracture in benign phalangeal tumors to 
guide surgical decision-making in patients presenting with a lytic tumor of the hand. Furthermore, 
the malignant potential of digital melanonychia with melanocytic hyperplasia was evaluated and 
a treatment algorithm was suggested. Also, soft tissue sarcomas of the hand and giant cell tu-
mors of the upper extremity were investigated to further clarify the factors influencing oncologic 
outcomes. In addition, the use of osteoarticular allograft reconstruction of the distal radius and 
reconstruction of the proximal radius using a vascularized fibula autograft were studied. Further, 
the patient reported outcomes following treatment of desmoid tumors and following surgery 
for symptomatic digital neuroma were explored. Finally, several general orthopaedic concepts 
to consider in upper extremity tumors were evaluated, including secondary surgery after symp-
tomatic neuroma surgery, the impact of nutritional status on post-operative complications and 
patient behavior to identify inferior coping strategies.

Methodology

For this thesis retrospective chart reviews were used to identify patients and collect variables to 
assess associations between explanatory variables with granular outcomes such as, reoperation, 
recurrence and soft tissue complications (Chapter 2-5, 7, 8, 11, 12). The retrospective design 
made it possible to investigate rare diseases. Patient reported outcomes are becoming pertinent 
in the time of value-based healthcare and these were used (PROMIS, Quick DASH, TESS) to as-
sess the outcomes following surgery for symptomatic digital neuroma (Chapter 6), osteoarticular 
allograft reconstruction of the radius (Chapter 8), and the treatment of desmoid tumors of the 
extremity (Chapter 10). Lastly, patients were enrolled prospectively in an orthopaedic upper 
extremity clinic to correlate protective hand postures to coping strategy measures (PROMIS pain 
interference, Tampa Scale of Kinesophobia, Abbreviated Pain Catastrophizing Score) (Chapter 13). 
Subsequently, statistical analyses were performed using the collected data using bivariate tests, 
multivariable logistic and linear regressions, along with Cox proportional hazards models and 
survival regression models to generate Kaplan-Meier curves. Additionally, in the study evaluating 
hand sarcomas (Chapter 5), multiple imputation by chained equations was used because many 
pathology reports of initial excisions were at outside institutions and were inaccessible.

Implementation

This thesis helps orthopaedic surgeons in treating patients with upper extremity tumors from 
both pre-operative, intra-operative and post-operative standpoints.
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In the hand, soft tissue sarcomas are aggressive and are generally proximal to the phalanges, 
whereas bone tumors are mostly in the phalanges and have a low mortality.1 Therefore, it is 
accepted to treat chondrosarcoma in the hand by intralesional resection.2 In soft tissue sarcoma 
of the hand negative margins should be achieved3, and re-excision is warranted in cases with 
positive margins.4 Despite unplanned excisions (81%) being common in non-oncology centers, 
oncologic outcomes can still be optimized by re-excisions at an oncology center.5 However, this 
is at the cost of multiple surgeries and a greater functional loss along with financial and psycho-
social consequences.5,6 For this reason, soft tissues tumors in the hand that are >3cm, subfascial, 
are rapidly growing or are subfascial should undergo further imaging or referral to an oncology 
center.7,8 In patients presenting with a lytic lesion, those with a lesion of the small finger are prone 
fracture and surgery prior to fracturing may be considered, especially in peri-articular lesions.9 
Furthermore, in digital melanonychia formal histologic diagnosis is warranted to determine the 
degree of melanocytic atypia, especially in Caucasians.10 If moderate or moderate-severe atypia 
is present formal resection with negative margins should be performed to prevent potential 
malignant transformation.11

In the setting of an upper extremity giant cell tumor (GCT) wide resection has lower 
recurrence rates than intralesional curettage.12 Intralesional curettage of the distal radius 
is challenging because the tumor often abuts the articular surface and burring into sufficient 
healthy bone without sacrificing articular cartilage is not possible. This may be the reason why 
previously higher recurrence rates were found in GCT of the distal radius.13 However, if the distal 
radius is resected the complications and loss of functionality do not outweigh repeat intralesional 
curettage for recurrence.14–19 In malignant tumors of the distal radius or large GCTs involving 
soft tissue with little bone stock involving the distal radius, wide resection is the treatment of 
choice. Osteoarticular allograft reconstruction is an option to maintain wrist mobility in these 
settings. However, surgeons need to be aware that although patients report reasonable function, 
more than half undergo reoperation and that around one third will go on to wrist arthrodesis.19 
These rates may be reduced if locking plates are used as allograft fracture rates decrease, and a 
concomitant Sauvé-Kapandji procedure has also been suggested to reduce the rate of volar or 
ulnar subluxation of the carpus.19–21 In the rare case of a tumor in the proximal radius, a vascular-
ized fibula reconstruction with biceps tendon re-insertion is option allowing for good functional 
outcomes.22 There have been changes in treatment recommendation regarding extra-abdominal 
desmoid tumors trending towards less invasive treatment.23–26 These findings are also reflected 
by the patient reported functionality, which showed that <2 surgical resections led to better 
functional scores with similar event-free survival.27 Patients with a desmoid tumor may benefit 
from systemic treatment compared to surgery with or without radiotherapy.

Symptomatic neuroma occur in 7%28 of the patients following digital amputation leading 
to great impairment.29,30 It is important to identify these patients in a timely matter to allow for 
surgical treatment before central sensitization occurs.31 These findings include a combination of 
the following: burning, shooting, sharp or electric pain in a defined neural anatomic distribution, 
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sometimes in the combination with numbness, paresthesias or cold intolerance. In addition to 
one of the following; (1) a non-advancing Tinel sign, (2) pain relief following diagnostic injection 
or (3) imaging confirming a neuroma have been suggested as diagnostic criteria for symptomatic 
neuroma.32 In the setting of a symptomatic digital neuroma following surgical resection/amputa-
tion it is important to assess psychosocial well-being and neuroma excision followed by nerve 
repair/reconstruction should be the treatment of choice.33 Using a form of active treatment of 
the nerve end (nerve repair or reconstruction) also reduces the number of secondary surgeries, 
supporting novel techniques such as targeted muscle reinnervation (TMR) and regenerative pe-
ripheral nerve interfaces (RPNI).34 We are now at a turning point in the treatment of symptomatic 
neuroma because these novel techniques (TMR & RPNI) have shown great reduction in pain and 
reduction in symptomatic neuroma development.35–40

In general, patients undergoing orthopaedic oncologic surgery should be optimized to 
minimize post-operative complications.41 Increasing pre-operative serum albumin levels above 
2.8 g/dL is one of the factors to consider. Lastly, identifying patients with poor coping strategies 
is valuable because it is related to inferior functional outcomes following surgery.42 It is possible 
assess coping using several questionnaires: Pain Catastrophizing Scale, Psychosocial Inflexibility in 
Pain Scale, Pain Self-Efficacy Questionnaire or PROMIS pain interference.43 However, patients do 
not always complete these questionnaires, and their results may not be readily be accessible. A 
way to identify patients with upper extremity pathology that may benefit from coping interven-
tions are those presenting with protective hand postures, as this is correlated with catastrophic 
thinking and kinesophobia.44

Summarizing, in patients seeking care for upper extremity oncology, it is important that 
timely referral occurs for planning of oncologic treatment in a multidisciplinary manner. This al-
lows for assessing of the oncologic and functional treatment outcomes with patient expectations 
and demands. Besides pre-operative planning, a multidisciplinary intra-operative approach at 
the time of oncologic amputation including micro-surgically trained surgeons may reduce the 
incidence of symptomatic neuroma and improve rehabilitation. Pre-operative identification and 
addressing of negative coping strategies and nutritional status may further improve patients’ 
perceived outcomes and reduce complications.

ANSWERS TO ThE QUESTIONS

Orthopaedic oncologic aspects around the hand (Chapters 2-5)

What	are	common	malignancies	of	the	hand	and	what	is	their	prognosis?	(Chapter	2)
Ninety-three primary tumors of the hand (69 soft tissue sarcoma & 24 bone sarcoma) treated 
at the Massachusetts General Hospital and affiliate oncology centers were evaluated. The most 
common bone tumors were chondrosarcomas (n=22, 92%) and the most common soft-tissue 
tumors were epithelioid sarcomas (n=16, 24%) and synovial sarcomas (n=10, 15%). Although, 
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chondrosarcomas had high recurrence rates (32%) the 5-year overall survival rate was 100%, with 
no patient developing metastasis. Synovial sarcomas (40%) and clear cell sarcomas (33%) had the 
highest metastatic rates, and the worst 5-year survival were seen in synovial sarcomas (73%) and 
undifferentiated pleomorphic sarcomas (71%).

Do	unplanned	excisions	in	soft	tissue	sarcomas	of	the	hand	impact	oncologic	outcomes?	
(Chapter	3)
Due to the rarity of malignancies of the hand, they are often misdiagnosed because they are 
small, 72% are <5 cm, and present as an inflammatory process. This leads to unplanned excisions 
without oncologic workup or a multidisciplinary approach. We noted an unplanned excision rate 
of 83% in our series of which 98% of these patients underwent re-excision. The unplanned exci-
sions did not impact the oncologic outcomes negatively, but on the contrary, patients treated 
primarily at the oncology center had inferior oncologic outcomes. This may be explained by the 
larger tumor size and older age in these patients, which have both shown to negatively impact 
oncologic outcomes.4,45 Another explanation may be that wide re-excisions substantially increase 
radicality.46 Nonetheless, the patients with unplanned excisions, subsequently underwent more 
(morbid) treatment, with functional, psychosocial and financial consequences. It is important 
to further streamline the care of these patients and prevent unplanned excisions. Hand masses 
larger than 3 cm, that cause pain, that are rapidly growing or are subfascial should undergo ad-
ditional imaging or referral to an oncology center for multidisciplinary care. Potential methods to 
decrease the number of unplanned excisions could include creating a centralized digital referral 
board where cases are reviewed by a multidisciplinary oncologic board.

What	factors	are	associated	with	a	pathologic	fracture	in	benign	phalangeal	tumors?	(Chapter	
4)
A pathologic fracture is a common first presentation of a benign phalangeal tumor, as was seen in 
49% of patients. The majority of these were due to enchondromas and as a result of low energy 
trauma. Although the Mirels’ classification is commonly used to make clinical decisions with 
regards to prophylactic surgical fixation, it is not as applicable in the hand.47 The most common 
bone to fracture was the proximal phalanx, and the small finger was associated with a higher 
rate of pathologic fractures. Therefore, in patients presenting with an incidental lytic tumor of 
the small finger surgeons may consider early curettage and cement packing, especially in peri-
articular lesions, to prevent an acute fracture. However, it is important to remember that most 
patients with a benign hand lesion never present to a physician. That is why it would be of value to 
follow patients with lytic phalangeal lesions longitudinally and assess who develops a pathologic 
fracture.
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How	should	melanonychia	with	melanocytic	hyperplasia	be	approached?	(Chapter	5)
Melanonychia is a pigmented lesion of the nail apparatus which can be a result of melanocytic hy-
perplasia or neoplasia. Differentiating between benign and malignant lesions requires histologic 
evaluation which also allows to determine the grade of cellular atypia (slight, mild, moderate-
severe, severe). In our series of 22 patients, there was an increased risk in malignant transforma-
tion in patients with moderate-severe (33%) and severe atypia (100%) compared to slight or mild 
atypia (0%). Based on these findings we created an algorithm for how to approach patients with 
melanonychia, where patients with moderate or severe atypia should undergo formal resection. 
This study evaluated oncologic aspects of melanonychia, but the trade-off between aesthetic 
and oncologic outcomes are also worth considering. It would be helpful to know how patients 
perceive nail dystrophy as a trade-off for oncologic radicality.

Orthopaedic oncologic aspects of the upper extremity (Chapters 6-9)

What	factors	are	associated	with	recurrence	of	giant	cell	tumors	in	the	upper	extremity?	
(Chapter	6)
Giant cell tumors (GCT) are local aggressive tumors, with a common location being the distal 
radius. Despite the development of denosumab, the mainstay treatment remains surgery (re-
section or intralesional curettage). Due to the bone thickening effect of denosumab, adequate 
curettage becomes difficult and may increase recurrence rates.48,49 Evaluating the patient, tumor 
and surgical characteristics in 82 patients with a GCT of the upper extremity we identified that 
intralesional curettage is the independent factor associated with recurrence. The distal radius was 
not an independent factor, and we believe that previous suggestions that these tumors are more 
aggressive may be related to aggressiveness of the treatment. Many distal radius GCTs abut the 
articular surface, and in an attempt to maintain function the intralesional curettage performed is 
less extensive as for example in the proximal humerus. Nonetheless, when we look at the trends 
of treatment over time, intralesional curettage is mostly performed if possible. This allows to 
maintain functionality, and the higher recurrence rates are accepted over the complication and 
reoperation rates following resection and reconstruction. Using these findings to create a deci-
sion aid may further optimize patient decision making and reduce decisional conflict.

What	impacts	the	outcome	of	osteoarticular	allograft	reconstruction	of	the	distal	radius?	
(Chapter	7)
When wide resection of the distal radius is the only option (malignancy, Campanacci Grade III GCTs) 
reconstruction options include preserving the wrist joint or fusing the wrist joint. In patients with 
low demand activities and if they wish wrist mobility, osteoarticular allograft reconstruction is an 
option. Of the 33 patients we evaluated, 55% had a reoperation and 36% eventually underwent 
wrist arthrodesis at a median of 4.2 years following initial surgery. Nonetheless, the allograft was 
not explanted in 89% of patients at 10 years and could be used to convert to a wrist arthrodesis. 
To further reduce the rates of reoperation and wrist arthrodesis after osteoarticular allograft 
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reconstruction, fixation with locking plates should be used, as this reduced the rate of allograft 
fractures. Locking plates are less prone to lose fixation because of better fixation in osteopenic 
bone, unicortical screw fixation and the need of less screws to achieve the same construct.50,51 
Additionally, periosteal vascularity may be better preserved. Although a feared complication of 
allograft reconstructions are infections, this is not the issue in the distal radius, where we noted 
only one superficial infection, which did not need surgical intervention. This is probably due to 
shorter operative times and the smaller size of the implant. Ten patients completed patient-
reported outcome questionnaires at a median of 13 years post-operatively, with median Quick 
DASH scores of 10.2 and median TESS scores of 95.5. Therefore, the data can be used as an 
additional data point in counselling patients with their treatment options. Evaluating the role of 
locking plates prospectively may help us further understand if the physiology behind our findings.

How	to	reconstruct	the	proximal	radius	reconstruction	following	oncologic	resection?	(Chapter	8)
Although rare, desmoplastic fibroma are local aggressive tumors and when located in the 
proximal radius needs consideration of the radiocapitellar joint and the biceps tendon. In the 
presented case, there was extensive soft-tissue involvement eliminating intralesional curettage as 
a treatment option. The goal of the surgery in the patient in this case-report was to maintain the 
patient’s radial head and avoid radial head replacement, as he was a young gentleman. Using a 
vascularized fibula autograft to reconstruct the defect with reinsertion of the biceps tendon in the 
fibula graft resulted in good osseous integration. The patient achieved 135º flexion and 0º exten-
sion along with forearm supination/pronation of 60º/70º without recurrence of the tumor at two 
years. Therefore, this surgical technique is worth considering when presented with a proximal 
distal radius tumor.

How	does	treatment	modality	affect	patient	reported	outcomes	in	patients	treated	for	an	extra-
abdominal	desmoid	tumor	of	the	extremity?	(Chapter	9)
Treatment strategies for extra-abdominal desmoid tumors has varied greatly due to the high 
recurrence rates and overall patient dissatisfaction. Patients treated with a desmoid tumor often 
undergo several treatment episodes, with physicians changing treatment modality if progres-
sion or recurrence occurs. Previously aggressive local treatment in the forms of surgery and 
radiotherapy were advocated, but this tendency has currently switched towards less aggressive 
measures. This is supported by the patient reported outcomes of the 40 patients that completed 
the PROMIS physical function in our study. Patients that underwent >2 surgeries or surgery and 
radiotherapy severely impacted the long-term functional outcomes negatively. Additionally, these 
aggressive treatment modalities did not improve the 5-year event-free survival in both primary 
and recurrent tumors, which we found to be 70% in those treated with systemic treatment and 
56% in those treated with surgery or radiotherapy. Due to the heterogeneity of the treatments 
in our study it is important to further evaluate our findings to be able to make treatment recom-
mendations.
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Non-oncologic (peri-)operative optimization (Chapters 10-13)

What	factors	are	associated	with	secondary	neuroma	surgery?	(Chapter	10)
A neuroma is disorganized growth of axons embedded in scar tissue and occurs following 
unrepaired nerve injuries.52 In roughly 4-32%28,53–59 of patients these neuromas are symptom-
atic, severely impairing functionality.29,60 Additionally, phantom limb pain occurs in 12.5-45% of 
amputees, and appears to correlate with neuroma pain.54,55 Surgical treatment of symptomatic 
neuromas includes ‘passive’ or ‘active’ treatments of the nerve end.61 In the past decade there 
has been an increasing literature supporting active treatment of nerve ends following neuroma 
excision in the forms of nerve repair or reconstruction or newer techniques such as targeted 
muscle innervation and regenerative peripheral nerve interfaces.33–35,40,62,63 We identified 641 
surgically treated neuromas and found that most were located in the upper- (50%) and lower 
extremities (47%). The main outcome of interest was secondary surgery, which was performed 
in 7.8% of patients. Neuroma excision alone or followed by implantation was associated with 
higher secondary surgery rates compared to neuroma excision followed by repair/reconstruction. 
Although secondary surgery is not a precise surrogate for surgical success, these findings are 
in line with current evidence.33,35,40,63 The rationale for improved outcomes achieved with nerve 
repair/reconstruction is because it allows for nerve regeneration along a “runway” of endoneurial 
tubes. Additionally, redirecting nerve ends away from the superficial areas reduces exposure to 
nociceptive stimuli and nerve growth factor. Further knowledge, to identify patients at a higher 
risk of developing a symptomatic neuroma is necessary, especially amongst those undergoing 
elective amputations. This will help decide what patients should undergo targeted muscle rein-
nervation at the time of amputation.

What	factors	influence	the	patient	reported	outcomes	after	digital	neuroma	surgery?	(Chapter	11)
A particular challenging area to treat symptomatic neuroma is the hand because of the paucity of 
soft-tissue and the short terminal digital nerve ends. Roughly 7%28 of the digital amputations and 
1-7%53,58 of the digital nerve repairs develop a symptomatic neuroma, where injuries of the index 
finger and avulsion type injuries are associated with increased risk of developing a symptomatic 
neuroma. Twenty-nine patients completed the PROMIS upper extremity, PROMIS depression, 
PROMIS pain interference and the Numeric Rating Scale (NRS) for pain (0-10). We found similar 
results as our previous study looking at reoperation after neuroma surgery, that nerve repair/
reconstruction was associated with better results on all patient reported outcome measures. 
Additionally, we concluded that psychosocial factors (negative mood, anxiety or poor coping) 
correlated with inferior outcomes. This highlights the importance of the biopsychosocial model 
in patients with symptomatic neuromas. Identifying patients with lower a-priori success rates 
can allow for pre- and post-operative intervention, potentially improving the surgical outcomes. 
Using the psychosocial factors identified in this study could be used for pre-operative treatment 
optimization. Patients with poor coping, negative mood or anxiety may benefit from a multidisci-
plinary treatment approach including pain physicians and occupational therapists, but this needs 
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further assessment. Additionally, the role of the timing of neuroma surgery on outcomes needs 
further clarification.

Is	malnutrition	associated	with	post-operative	complications	in	patients	with	primary	bone	
sarcomas?	(Chapter	12)
Post-operative complications following musculoskeletal oncologic surgeries remain devastating 
complications, especially in those with large prosthetic reconstructions. Several unmodifiable 
factors impacting post-operative complications such as BMI and white blood count have been 
reported. Additionally, as has been described in other orthopaedic and general surgical studies, 
malnutrition is associated with post-operative complications. Interventions in the forms of paren-
teral and enteral nutrition can reduce these post-operative complications. We found that patients 
with a serum albumin level of <2.8 g/dL had a higher rate of post-operative complications. Future 
investigations should include prospective evaluation of the current findings along with inclusion 
of additional factors that have been described. This will allow for further determination of a pre-
operative nutritional status to optimize patients.

How	to	identify	patients	with	suboptimal	coping	strategies?	(Chapter	13)
Coping strategies impact functional outcomes and is an addressable factor. We found that protec-
tive hand postures were associated with higher levels of catastrophic thinking and kinesophobia 
(=fear of pain due to movement). Holding the hand still puts patients at risk of developing a stiff 
hand or fingers.64 Subsequently, kinesophobia increases this risk of hand stiffness and prevents 
optimal post-surgical rehabilitation. Kinesophobia along with catastrophic thinking may be iden-
tified by protective hand postures which should trigger physicians to stimulate positive coping 
strategies or increase the amount of rehabilitation visits. Assessing the impact on post-operative 
outcomes following interventions based on protective hand postures should be further evaluated.
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Summary

This thesis covers multiple aspects of orthopaedic tumors of the upper extremity. The goals of this 
thesis were to create an overview of specific tumor characteristics and their specific treatment, 
along with pre- and post-operative considerations to improve care.

The thesis starts with a general introduction, chapter 1, highlighting the relevance of the 
topics discussed. Tumors of the upper extremity are rare and difficult to study, and knowledge 
on their behavior is sparse. Therefore, oncologic outcomes and the role of oncologic treatment 
in malignant tumors of the hand, giant cell tumors, and extra-abdominal desmoid tumors were 
assessed. Furthermore, the predictors of a pathologic fracture in benign phalangeal tumors were 
evaluated and a treatment algorithm for patients with melanonychia was proposed. Potential 
complications, such as infections and symptomatic neuromas, were explored to identify methods 
to reduce their incidence or improve their treatment outcome. Lastly, clinical signs to identify 
poor coping were studied allowing for early interventions that address coping.

In chapter 2,	 the patient characteristics, treatment and oncologic outcomes of malignant 
tumors of the hand were described. We retrospectively identified 24 bone sarcomas and 69 soft 
tissue sarcomas that were treated at an oncology center. Overall, bone tumors were more com-
mon in the phalanges (75%) compared to soft tissue sarcoma (26%) and they were less common 
in males (17% vs. 54%). Soft tissue sarcomas of the hand were more aggressive than bone tumors, 
reflected by their higher histologic grade and metastatic rate. The most common histologic sub-
types were chondrosarcomas (n=22, 24%), followed by epithelioid sarcomas (n=16, 17%) and 
synovial sarcomas (n=10, 11%). Limb salvage surgery could be performed in the majority of the 
chondrosarcomas (55%), synovial sarcomas (60%), fibrosarcomas (67%) and myxoinflammatory 
sarcomas (71%). Whereas amputation was the most common final surgical status in patients with 
an epithelioid sarcoma (69%) or clear cell sarcoma (67%). Radiotherapy was predominantly used 
in synovial sarcomas (90%), undifferentiated pleomorphic sarcomas (75%) and myxoinflammatory 
sarcomas (71%). Chemotherapy was only administered in synovial sarcomas (30%) and epithelioid 
sarcomas (7.7%). The 5-year disease-free survival varied per histologic subtype: chondrosarcoma 
(61%), epithelioid sarcoma (75%), synovial sarcoma (68%), fibrosarcoma (68%), undifferentiated 
pleomorphic sarcoma (46%), myxoinflammatory sarcoma (100%), clear cell sarcoma (56%). The 
5-year overall survival was only decreased in undifferentiated pleomorphic sarcoma (71%), syno-
vial sarcoma (73%) and fibrosarcoma (80%).

In chapter 3 the goal was to compare patients with a soft tissue sarcoma of the hand treated 
at an oncology center to those initially treated at a non-oncology center, and additionally to as-
sess the factors influencing oncologic outcomes. Retrospectively, 64 patients were identified with 
sarcomas of different histologic subtypes and the outcomes evaluated were: local recurrence, 
metastasis, disease-free survival and overall survival. Additionally, we evaluated the importance 
of unplanned excisions, defined as surgical treatment without oncologic workup. Of the patients, 
52 (81%) had initial treatment at a non-oncology center and they all underwent an unplanned 
excision. Following referral, 60% underwent re-excision and 39% underwent amputation. Patients 
initially treated at an oncology center were older, and tumors appeared larger (4.7 cm vs. 3.0 cm) 
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compared to those that had initial treatment at a non-oncology center. Using a multivariable Cox 
survival regression, positive final margins were independently associated with development of 
metastasis and inferior disease-free survival. Additionally, patients treated initially at an oncol-
ogy center had an inferior 5-year overall survival (60% vs. 89%), however this finding did not 
persist when adjusting for tumor size. This is probably a reflection of the referral bias of larger and 
more aggressive tumors to oncology centers. Other factors that appeared to impact oncologic 
outcomes are histologic grade and subfascial tumor depth.

In chapter 4 the aim was to report the rate and predictors for pathologic fractures in benign 
bone tumors of the metacarpals and phalanges. We retrospectively collected data on 69 benign 
lytic lesions that were histologically confirmed. Patient and tumor characteristics were evaluated 
for their association with the presentation with a pathologic fracture. Forty-nine percent of the 
patients presented with a pathologic fracture, and in multivariable logistic regression, tumors 
affecting the little finger had 5.0 times the odds of a pathologic fracture compared to the middle 
finger.

In chapter 5 we assessed the treatment trends of patients with melanonychia due mela-
nocytic hyperplasia along with the association between melanocytic atypia and malignant 
transformation. Through medical chart review we identified 22 patients, of which the majority 
were Caucasian (82%). Histologic material was acquired through excisional (n=11, 50%), punch 
(n=7, 32%) and shave biopsies (n=4, 18%). Of the patients without melanocytic atypia (n=13), 
two (15%) underwent additional procedures in the forms of a shave biopsy and excision biopsy. 
Amongst the patients with atypia, six (67%) underwent additional excision, and two patients with 
mild atypia and one with slight atypia were monitored. In bivariate analysis, moderate-severe 
and severe melanocytic atypia were associated with malignant transformation and warrants ad-
ditional radical resection if this is present.

In chapter 6 the primary aim was to identify the factors associated with recurrence following 
surgery of a giant cell tumor (GCT) located in the upper extremity. Additionally, we reported the 
treatment trends of GCTs at our institution over the past decades. Retrospective chart review 
yielded 82 patients with GCTs located in the distal radius (n=46), humerus (n=17), ulna (n=9) and 
hand (n=9) that were followed for a median of 6.5 years. Surgical treatment included intralesional 
resection (n=56, 68%) and wide resection (n=26, 32%). The overall local recurrence rate was 
37% which occurred at a median of 1.3 years following index surgery. Intralesional resection was 
independently associated with higher recurrence rates compared to wide resection, adjusting for 
Campanacci grade and tumor location in multivariable analysis. With regards to treatment trends, 
intralesional resection has become the preferred primary treatment modality over the decades, 
and wide resection was more common for recurrent or grade 3 tumors.

In chapter 7 we evaluated the outcomes after osteoarticular allograft reconstruction follow-
ing oncologic distal radius resection. Thirty-three patients were retrospectively identified with 
the majority of the tumors being a giant cell tumor (n=27). The outcomes assessed were the 
rate of wrist joint preservation, allograft retention and the factors associated with reoperation. 
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Additionally, we successfully contacted 10 patients that completed the PROMIS-CA physical func-
tion, Quick DASH and Toronto Extremity Salvage Score (TESS) at a median follow-up of 13 years. 
The 10-year allograft retention rate was 89%, and the 5- and 10-year wrist joint preservation 
rate was 72% and 62%, respectively. If an allograft fracture occurred the 5- and 10-year wrist 
joint preservation rate decreased to 52% and 33%. Overall, the reoperation rate was 55% and 
eventually 36% of patients underwent wrist arthrodesis at a median of 4.2 years following initial 
surgery. Allograft fractures were associated with higher reoperation rates, and the use of locking 
plates was associated with lower allograft fracture rates. The median Quick DASH score was 10.2 
(range: 0-52.3) and the median TESS was 95.5 (range: 67-98.4).

Chapter 8 is a case report of a 27-year old male that had a desmoplastic fibroma of the 
proximal radius that was resected, followed by reconstruction with a vascularized fibula autograft 
to which the biceps tendon was reinserted. This is an example of a reconstructive option following 
proximal radius resection with radial head preservation. At 2-year follow-up the patient achieved 
good range of motion and experienced little disability as result of the surgery.

In chapter 9 we assessed the event-free survival (EFS) and patient reported outcomes follow-
ing treatment for extra-abdominal desmoid tumors. Through retrospective manual chart review, 
85 patients with 90 extra-abdominal desmoid tumors were identified, of which 58 were primary 
tumors and 32 were tumor treated for recurrences at our institutions. Forty patients were con-
tacted and completed the PROMIS physical function, PROMIS upper extremity and PROMIS pain 
interference. There was no difference in 5-year EFS between patients treated with systemic treat-
ment (70%) and those treated with surgery/radiotherapy (56%). Patients that underwent surgery 
or radiotherapy had inferior PROMIS function scores (39.2) compared to those with systemic 
treatment (45.5).

In chapter 10 the aim was to create an overview of the anatomic distribution of surgically 
treated symptomatic neuroma along with identifying factors associated with secondary neuroma 
surgery. Retrospectively, 598 patients with 641 neuromas were analyzed, and we found that the 
most common locations included the lower (47%) and upper (50%) extremity. Secondary neu-
roma surgery was performed in 7.8% of the patients and was associated with neuroma excision 
alone or neuroma excision with implantation of the nerve end. Additionally, surgeons trained in 
microsurgical nerve repair performed secondary surgery more often. 

In chapter 11 we evaluated the factors influencing the patient reported outcomes follow-
ing surgical treatment of symptomatic digital neuroma in 29 patients. Patients completed the 
PROMIS upper extremity, PROMIS pain interference, PROMIS depression and Numeric Rating 
Scale (NRS) for pain scores at a median of 7.6 years after surgery. Surgical treatment for neuroma 
included excision with nerve repair/reconstruction (n=13, 39%), neuroma excision alone (n=10, 
30%) or excision and implantation (n=10, 30%). Post-operatively, the mean PROMIS UE score was 
45.2±11.2, the PROMIS pain interference score was 54.3±10.7, and the median NRS pain score 
was 3 (IQR:1-5). In multivariable analysis, older age, higher PROMIS depression scores and neu-
roma excision alone were independently associated with lower PROMIS upper extremity scores. 
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Increased PROMIS pain interference and NRS pain scores were associated with older age, and 
smoking. Additionally, higher PROMIS pain interference scores were also associated with higher 
PROMIS depression scores. Neuroma excision followed by nerve repair/reconstruction resulted in 
lower post-operative PROMIS pain interference scores and NRS pain scores.

In chapter 12 the modifiable factors associated with post-operative complications (infection, 
hematoma, additional surgery, wound complications) were retrospectively evaluated in 275 pa-
tients with primary bone sarcomas. In multivariable analysis, age and neoadjuvant radiotherapy 
were associated with post-operative complications. We performed a sub-analysis in patients 
without a pelvic tumor or those receiving radiotherapy (as these are high risk patients) and found 
that a serum albumin level <2.8 g/dL was independently associated with post-operative complica-
tions.

In chapter 13 we prospectively evaluated the relationship between protective hand postures 
and coping measures in 149 patients with upper extremity injuries. Patients completed the 
PROMIS upper extremity, PROMIS depression, PROMIS pain interference, Tampa Scale of Kine-
sophobia and the Abbreviated Pain Catastrophizing Scale (PCS). Protective hand postures were 
present in 37% patients and this was associated with a higher degree of catastrophic thinking and 
higher levels of kinesophobia.

Finally, chapter 14 provides a general discussion and the answers to the questions that were 
posed in the introduction. Additionally, the methodology of the presented studies is described, 
including retrospective- and prospectively collected data and how this was analyzed. Summariz-
ing, it is important to have appropriate referral patterns in place for treatment of upper extrem-
ity tumors to optimize oncologic and functional outcomes. In addition, knowledge of patients’ 
psychosocial status can be of value to manage care. Future research should focus on evaluating 
the clinical impact and implementation of the findings of this thesis.
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Tumoren van de bovenste extremiteit zijn zeldzaam en daardoor moeilijk te bestuderen. Derhalve 
is kennis over deze tumoren schaars. Het doel van dit proefschrift was om de specifieke kenmerken 
van deze tumoren en de pre- en postoperatieve behandelingen en overwegingen te bestuderen.

Het proefschrift begint met een algemene inleiding, hoofdstuk 1, waarin de relevantie van 
het onderwerp wordt benadrukt. Verder wordt het belang van de oncologische uitkomsten van 
behandelingen bij kwaadaardige handtumoren, reusceltumor en extra-abdominale desmoïd-
tumoren toegelicht. Vervolgens wordt de rol van voorspellers van pathologische fracturen bij 
goedaardige phalangeale tumoren aangekaart en een behandelingsalgoritme voor patiënten met 
melanonychia gepresenteerd. Complicaties die een gevolg zijn van de behandeling, zoals infec-
ties en symptomatische neuromen, werden onderzocht met het doel de drijvende factoren te 
identificeren om deze te reduceren, dan wel de behandeling te verbeteren. Tenslotte werden de 
klinische tekenen van negatieve coping mechanismes bestudeerd om deze vroeg te identificeren 
zodat interventies toegpast kunnen worden.

In hoofdstuk 2 werden de patiëntkenmerken, behandelingen en oncologische uitkomsten 
van kwaadaardige handtumoren onderzocht. Retrospectief werden 24 botsarcomen en 69 
wekedelen sarcomen geïdentificeerd. Bottumoren kwamen vaker voor in de phalanges (75%) 
vergeleken met wekedelen sarcomen (26%), tevens kwamen bottumoren minder vaak voor bij 
mannen dan bij vrouwen (17% versus 54%). Wekedelen sarcomen van de hand waren agres-
siever dan bottumoren, gekenmerkt door een hogere histologische gradering en metastatische 
gedrag. De meest voorkomende histologische subtypen waren chondrosarcomen (n = 22, 24%), 
gevolgd door epithelioïde sarcomen (n = 16, 17%) en synoviale sarcomen (n = 10, 11%). Ledemaat 
sparende operaties werden uitgevoerd bij de meeste chondrosarcomen (55%), synoviale sarco-
men (60%), fibrosarcomen (67%) en myxo-inflammatoire sarcomen (71%). Bij patiënten met een 
epithelioïde sarcoom (69%) of clear cell sarcoom (67%) was amputatie de meest voorkomende 
uiteindelijke chirurgische status. Radiotherapie werd voornamelijk ingezet bij de behandeling van 
synoviale sarcomen (90%), ongedifferentieerde pleomorfe sarcomen (75%) en myxo-inflamma-
toire sarcomen (71%). Chemotherapie werd alleen bij synoviale sarcomen (30%) en epithelioïde 
sarcomen (7,7%) gebruikt. De 5-jaar ziektevrije overleving varieerde per histologisch subtype: 
chondrosarcoom (61%), epithelioïde sarcoom (75%), synoviaal sarcoom (68%), fibrosarcoom 
(68%), ongedifferentieerd pleomorf sarcoom (46%), myxo-inflammatoire sarcoom (46%) 100%), 
clear cell sarcoom (56%). De 5-jaarsoverleving was wel verminderd in patiënten met een ongedif-
ferentieerd pleomorf sarcoom (71%), synoviaal sarcoom (73%) en fibrosarcoom (80%).

In hoofdstuk 3 werden patiënten met een wekedelen sarcoom van de hand vergeleken op 
basis van of ze initieel wel of niet in een oncologisch centrum waren behandeld. Vervolgens 
werden factoren die de oncologische uitkomsten beïnvloeden geëvalueerd. Retrospectief wer-
den 64 patiënten geïdentificeerd met sarcomen van verschillende histologische subtypen. De 
belangrijkste uitkomsten waren: lokaal recidief, metastase, ziektevrije overleving en overleving. 
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Daarnaast evalueerden we het belang van ongeplande excisies, gedefinieerd als chirurgische 
behandeling zonder preoperatieve oncologische work-up. Van de 64 patiënten werden 52 (81%) 
initieel behandeld in een niet-oncologisch centrum; allen ondergingen een ongeplande excisie. 
Na verwijzing onderging 60% re-excisie en 39% onderging amputatie. Patiënten die aanvankelijk 
in een oncologisch centrum werden behandeld, waren over het algemenen ouder en hadden 
grotere tumoren (4,7 cm versus 3,0 cm) in vergelijking met degenen die een eerste behandeling 
hadden in een niet-oncologisch centrum. In een multivariabele Cox-regressie was een positieve 
histologische marge onafhankelijk geassocieerd met de ontwikkeling van metastases en een infe-
rieure ziektevrije overleving. Bovendien hadden patiënten die initieel in een oncologisch centrum 
waren behandeld een inferieure 5-jaarsoverleving (60% versus 89%), echter hield deze bevinding 
niet stand na het corrigeren voor de tumorgrootte. Dit is waarschijnlijk een weerspiegeling van 
het verwijzingspatroon van grotere en agressievere tumoren naar oncologiecentra. Andere 
factoren die van invloed bleken te zijn op de oncologische uitkomsten waren de histologische 
gradering en de diepte van tumoren.

In hoofdstuk 4 was het doel om de incidentie en voorspellers voor pathologische fracturen 
in goedaardige bottumoren van de metacarpalen en phalangen te rapporteren. Retrospectief 
werden 69 goedaardige lytische laesies die histologisch waren bevestigd geëvalueerd. Patiënt- en 
tumorkarakteristieken werden onderzocht op hun associatie met de presentatie met een patholo-
gische fractuur. Negenenveertig procent van de patiënten vertoonde een pathologische fractuur 
bij presentatie en in de multivariabele logistische regressie hadden tumoren van de kleine vinger 
een 5,0 keer hogere odds op een pathologische fractuur in vergelijking met de middelvinger.

In hoofdstuk 5 werden de behandelingstrends van patiënten met melanonychia als gevolg 
van melanocytaire hyperplasie en de associatie tussen melanocytaire atypie en kwaadaardige 
ontaarding onderzocht. Retrospectief werden 22 patiënten geïdentificeerd, waarvan de meerder-
heid blank was (82%). Histologisch materiaal werd verkregen door excisie (n = 11, 50%), stans-
biopt (n = 7, 32%) en shave excisie (n = 4, 18%). Van de patiënten zonder melanocytaire atypie 
(n = 13) ondergingen twee (15%) aanvullende procedures in de vorm van een shave excisie en 
excisiebiopt. Onder de patiënten met atypie ondergingen zes (67%) een vervolg excisie, en twee 
patiënten met milde atypie en één met lichte atypie werden klinisch gevolgd. In bivariate analyse 
was matig-ernstige en ernstige melanocytaire atypie geassocieerd met kwaadaardige ontaarding, 
wat een aanvullende radicale resectie bij deze patiënten rechtvaardigde.

In hoofdstuk 6 was het primaire doel om de factoren te identificeren die geassocieerd zijn 
met recidief na een operatie van een reusceltumor van de bovenste extremiteit. Bovendien 
rapporteerden we de behandelingstrends van reusceltumoren in de afgelopen decennia. 
Tweeëntachtig patiënten met een reusceltumor en een mediane follow-up van 6,5 jaar werden 
geëvalueerd. De meest voorkomende locaties waren de distale radius (n = 46), humerus (n = 17), 
ulna (n = 9) en de hand (n = 9). Chirurgische behandeling omvatte intralesionale resectie (n = 56, 
68%) en weide resectie (n = 26, 32%). Het recidiefpercentage bedroeg 37%, dat gemiddeld 1,3 
jaar na indexchirurgie optrad. Intralesionale resectie was onafhankelijk geassocieerd met hogere 
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recidiefpercentages vergeleken met weide resectie, gecorrigeerd voor Campanacci-graad en tu-
morlocatie in multivariabele analyse. Wat betreft behandelingstrends, had intralesionale resectie 
de voorkeur als primaire behandelingsmodaliteit, en weide resectie werd vaker uitgevoerd in 
recidiverende of graad 3 tumoren.

In hoofdstuk 7 werden de uitkomsten na osteoarticulaire allograftreconstructie na onco-
logische distale radiusresectie geëvalueerd. Drieëndertig patiënten, die vooral reusceltumoren 
hadden (n = 27) werden geïncludeerd. De beoordeelde uitkomsten waren de conservering van 
het polsgewricht, retentie van het allograft en heroperatie. Daarnaast was de PROMIS-CA physical 
function, Quick DASH en Toronto Extremity Salvage Score (TESS) door 10 patiënten ingevuld na 
een mediane follow-up van 13 jaar. De 10-jaarsretentiepercentage van het allograft was 89% en 
het conserveringspercentage van het polsgewricht na 5 en 10 jaar was respectievelijk 72% en 
62%. Wanneer een allograftfractuur optrad, daalde het conserveringspercentage van het polsge-
wricht gedurende 5 en 10 jaar tot 52% en 33%. Een heroperatie werd door 55% van de patiënten 
ondergaan, en uiteindelijk onderging 36% van de patiënten polsartrodese na een mediaan van 
4,2 jaar na de eerste operatie. Allograftfracturen waren geassocieerd met heroperatie en het 
gebruik van een locking plaat was geassocieerd met minder allograftfracturen. De mediane Quick 
DASH-score was 10,2 (bereik: 0-52,3) en de mediane TESS was 95,5 (bereik: 67-98,4).

Hoofdstuk 8 is een case-report van een 27-jarige man met een desmoplastische fibroom 
van de proximale radius die werd gereseceerd, gevolgd door reconstructie met een gevasculari-
seerde fibula autograft waaraan de bicepspees werd herbevestigd. Dit is een voorbeeld van een 
reconstructieve optie na proximale radiusresectie met behoud van radiuskop. Na 2 jaar follow-up 
bereikte de patiënt een goed bewegingsbereik en ondervond hij weinig invaliditeit als gevolg van 
de operatie.

In hoofdstuk 9 zijn de event-vrije overleving (EFS) en de patiënt gerapporteerde uitkomsten 
na behandeling voor een extra-abdominale desmoïdtumor onderzocht. Er werden 85 patiënten 
met 90 extra-abdominale desmoïdtumoren geïdentificeerd, er waren 58 primaire tumoren en 
32 tumoren werden behandeld voor een recidief. Veertig patiënten werden gecontacteerd en 
voltooiden de PROMIS physical function, PROMIS upper extremity en PROMIS pain interference. 
Er was geen verschil in 5-jarige EFS tussen patiënten behandeld met systemische behandeling 
(70%) en patiënten behandeld met chirurgie/radiotherapie (56%). Patiënten die een operatie of 
radiotherapie ondergingen, hadden slechtere PROMIS-functiescores (39,2) in vergelijking met 
patiënten die systemische behandeling ondergingen (45,5).

In hoofdstuk 10 was het doel om een   overzicht te creëren van de anatomische verdeling van 
chirurgisch behandelde symptomatische neuromen en om de factoren geassocieerd met herope-
ratie vast te stellen. Retrospectief werden 598 patiënten met 641 neuromen geanalyseerd en de 
meest voorkomende locaties waren de onderste (47%) en bovenste (50%) ledemaat. Heroperatie 
werd uitgevoerd in 7,8% van de patiënten en was geassocieerd met neuroma excisie zonder 
manipulatie van het zenuwuiteinde en neuroma excisie met implantatie van het zenuwuiteinde. 
Bovendien voerden microchirurgisch opgeleide chirurgen vaker een heroperatie door.
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In hoofdstuk 11 evalueerden we de factoren die de patiënt gerapporteerde uitkomsten 
beïnvloeden na chirurgische behandeling voor een symptomatisch digitaal neuroom in 29 
patiënten. Patiënten voltooiden de PROMIS upper extremity (UE), PROMIS pain interference, 
PROMIS depression en Numeric Rating Scale (NRS) voor pijn na een mediaan van 7,6 jaar na de 
operatie. Chirurgische behandeling bestond uit excisie met zenuwreparatie/-reconstructie (n = 
13, 39%), neuroma-excisie zonder manipulatie van het zenuwuiteinde (n = 10, 30%) of excisie en 
implantatie het zenuwuiteinde (n = 10, 30%). Postoperatief was de gemiddelde PROMIS UE-score 
45,2±11,2, de PROMIS pain interference score was 54,3±10,7 en de mediane NRS-pijnscore was 
3 (IQR: 1-5). In multivariabele analyse waren oudere leeftijd, hogere PROMIS-depressiescores 
en neuroma excisie zonder manipulatie van het zenuwuiteinde, onafhankelijk geassocieerd 
met lagere PROMIS UE scores. Verhoogde PROMIS pain interference scores en NRS-pijnscores 
waren geassocieerd met oudere leeftijd en roken. Bovendien was een hogere PROMIS pain 
interference geassocieerd met hogere PROMIS-depressiescores. Neuroma-excisie gevolgd door 
zenuwreparatie/-reconstructie resulteerde in lagere postoperatieve PROMIS pain interference 
scores en NRS-pijnscores.

In hoofdstuk 12 werden de modificeerbare factoren geassocieerd met postoperatieve com-
plicaties (infectie, hematoom, heroperatie, wondcomplicaties) retrospectief geëvalueerd in 275 
patiënten met een primair botsarcoom. In multivariabele analyse, werden leeftijd en neoadjuvan-
te radiotherapie geassocieerd met postoperatieve complicaties. In een subanalyse van patiënten 
zonder een bekkentumor of die radiotherapie kregen (omdat dit hoog risicopatiënten zijn) was 
serumalbumine-spiegel <2,8 g/dL onafhankelijk geassocieerd met postoperatieve complicaties.

In hoofdstuk 13 is prospectief de correlatie geëvalueerd tussen protectieve handhoudingen 
en coping meetinstrumenten in 149 patiënten met letsel aan de bovenste extremiteit. Patiënten 
voltooiden de PROMIS upper extremity, PROMIS depression, PROMIS pain interference, Tampa-
Scale of Kinesobia, PROMIS en de Abbreviated Pain Catastrophizing Scale (PCS). Beschermende 
handhoudingen waren aanwezig bij 37% van de patiënten en dit was geassocieerd met een 
hogere mate van catastrofaal denken en hogere niveaus van kinesofobie.

Ten slotte biedt hoofdstuk 14 een algemene discussie en de antwoorden op de vragen 
die in de inleiding werden gesteld. Bovendien wordt de methodologie van de gepresenteerde 
studies beschreven, inclusief retrospectieve en prospectief verzamelde gegevens en hoe deze 
zijn geanalyseerd. Samenvattend is het belangrijk om goede verwijzingspatronen te hebben voor 
de behandeling van bovenste extremiteittumoren om oncologische en functionele resultaten 
te optimaliseren. Bovendien kan kennis van de psychosociale status van patiënten van waarde 
zijn om de zorg te verbeteren. Toekomstig onderzoek moet gericht zijn op het evalueren van de 
klinische impact en de implementatie van de bevindingen van dit proefschrift.
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