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chapter 1

Introduction and aims of the thesis
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Introduction

The scapula is an integral part of the connection between the upper extremity and 

the axial skeleton. This highly mobile, thin sheet of bone, articulates in three  

different joints: with the humerus in the gleno-humeral joint, with the clavicula in 

the acromio-clavicular joint and with the thorax in the scapulathoracic “joint”.  

To accomplish a full range of shoulder motion a smooth coordination is required of 

motions in all three articulations. Therefore a complex interaction of several muscles 

that envelope the scapula is necessary 1. Besides its assistance in the movements of 

the arm in the shoulder joint, the scapula has two other functions. It is a mobile 

platform for the humeral head and upper extremity to work against and it serves  

as a point of attachment for muscles, tendons and ligaments 2. No less than 18  

different muscles insert or originate at the scapula and realise the capability of six 

basic movements of this shoulder blade over the posterior chest wall: elevation, 

depression, upward rotation, downward rotation, protraction, and retraction. These 

six movements are limited by the motion that is allowed in the acromio-clavicular 

and sterno-clavicular joints, by the coraco-clavicular ligaments, the compliance of the 

scapula’s musculotendinous attachments and finally by the geometry of the scapulo-

thoracic interface 3. Trauma to the scapular region may cause adverse mechanical 

and functional effects to the shoulder as a result of damage of  

ligaments and muscles or the adjacent suprascapular and axillary nerves or because 

of fracture, mal- or non-union. Scapular fractures are generally the result of a high 

energy trauma with a high incidence of significant associated (local and remote) 

injuries 4-11. These associated injuries are often major, multiple and sometimes  

life threatening, therefore needing priority in treatment. Nevertheless associated 

injuries should not be used as a justification for inadequate therapy of the  

scapular fracture. 

The relative infrequency (incidence 0,01 %) and “benign characteristics” of a scapular 

fracture probably explain the limited attention in literature 12. For this rarity there are 

a couple of reasons: (1) The scapula is well protected anteriorly by the thorax cavity 

and by a thick surrounding layer of soft tissues. (2) It is very mobile which allows  

dissipation of traumatic forces and possible (3) to the shape of the flexible scapula 

with its thickened edges 2,3. 

With regard to the benign characteristics; it is suggested in literature that over 90% 

of scapular fractures are non - or minimally displaced and do well with conservative 

treatment 5,8,10. This observation however has been based on treatment of scapular 



11

C
H

A
P

T
E

R
 1

  
  

  
 T

H
E

 S
C

A
P

U
LA

R
 N

E
C

K
 F

R
A

C
T

U
R

E
  

fractures in general and its relevance is therefore very limited. A more differentiated 

approach turned out to be necessary as exclusive conservative treatment does not 

always bring about good results 13. Literature nowadays is more focussed on the 

results of conservative 14-17 or operative treatment 18-39 with regard to specific  

fracture types. This in contrast with publications before the 90’s of last century 

which were particularly focussed on the trauma mechanism and associated  

injuries 5,6,9,10. Specific types of scapular fractures are severe injuries which  

may result in significant shoulder dysfunction. There are a few reports on poor  

prognosis after conservative treatment of displaced glenoid, scapular neck,  

coracoid and acromion fractures 40-41. Along with technical refinement of diagnostic 

tools, more attention is currently paid to these fracture types as is demonstrated by 

the rising number of publications on this subject.

Scapula fractures in the Netherlands

Prismant has collected data concerning patients who were admitted in a Dutch  

hospital with a scapular fracture in the years 2001 through 2003 42. Despite the fact 

that most scapular fractures are accompanied with associated injuries which require 

clinical treatment in a hospital, the exact incidence of scapular fractures is unknown 

while a considerable number is treated in an out-patient setting. 

Fractures of the scapula are typically  
classified by anatomic area. Fractures  
of the glenoid cavity (=A) constitute  
approximately 10 % of all scapular fractures, 
the scapular neck (=B) approximately  
25%, the scapular body (=C) approximately  
45 %, the spine (=D) approximately 5 %,  
the coracoid process (=E), approximately  
7 % and the acromial process (=F)  
approximately 8% 5,8,10,40,41.
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Aim of the study

The aim of this thesis is to address several controversies concerning treatment of 

patients with a scapular neck fracture. Three different topics on this subject were 

studied: 

·  radiological and functional outcome in patients with a scapular neck fracture, 

whether or not in combination with an ipsilateral clavicular fracture, treated either 

conservatively or by open reduction and internal fixation.

·  biomechanical changes around the gleno-humeral joint after a malunited scapular 

neck fracture.

·  anatomical aspects of the posterior surgical approach to the scapular neck.

The following questions were formulated:

1.  Does a correlation exist between radiological and functional outcome after  

healing of a scapular neck fracture?

2.  Will operative treatment of patients with a floating shoulder lead to better  

functional results than conservative treatment?

3.  What is the influence of a scapular neck malunion upon the rotator cuff  

musculature function?

4.  Is the posterior surgical approach described by Brodsky a safe procedure with  

respect to loco-regional neurovascular structures and does it allow adequate  

exposure of the scapular neck?

  2001 2002 2003

 Admissions 471 493 516

 Men 360 359 398

 Women 111 134 118

 Ratio m:f 3,2:1 2,7:1 3,4:1

 Average stay (days) 6,3 5,9 5,0
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Outline of this thesis

Chapter 2 describes the clinical and radiological long term results after either  

operative or conservative treatment of 35 patients with a floating shoulder. 

Chapter 3 describes the clinical and radiological long term results after conservative 

treatment of 13 patients with a surgical neck fracture of the scapula.

In Chapter 4 the results of a biomechanical study on the possible loss of shoulder 

function in patients with malunion of the scapular neck are presented.  

A finite-element musculoskeletal model of the upper limb was used in which a  

scapular neck fracture is reproduced.

Chapter 5 describes different aspects of the floating shoulder in a review article, 

based on a survey of the literature.

In Chapter 6 the patho-anatomy of a floating shoulder is described and illustrated  

by three case reports. 

In Chapter 7 an anatomical study is presented regarding the posterior approach to 

the scapular neck as it was described by Brodsky. Attention was paid to the best 

position of the arm for achieving an adequate exposure to the posterior aspect of 

the glenoid neck with the safest distance of the axillary and suprascapular nerves to 

the glenoid.

Chapter 8 is a case report of a patient who underwent open reduction and internal 

fixation of his scapular neck fracture by the Brodsky incision.

In Chapter 9 the discussion, answers on questions that were formulated in chapter 1 

are given, followed by conclusions. 

In Chapter 10, a summery (in English and Dutch) of the proceeding chapters is given. 
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chapter 2

The Floating Shoulder 
-a Dutch multicenter study

A. van Noort, R. L. te Slaa, R.K. Marti, Chr. van der Werken

J. Bone and Joint Surg 2001; 83B: 795-798.
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Abstract

The aim of this retrospective study was to review a series of patients with ipsilateral 

fractures of the neck of the scapula and of the clavicle. Between 1991 and 1996 

a total of 79 general and orthopaedic surgeons treated 46 patients with a floating 

shoulder in The Netherlands. The records and radiographs of these patients were 

studied. Of the 35 patients available for follow-up, 31 had initially been treated  

conservatively and four by operation; three underwent secondary reconstructive  

surgery. The mean Constant score for the 28 patients treated conservatively was 76 

and for the seven treated operatively it was 71 at a mean follow-up of 35 months. 

In six of the 28 patients treated conservatively the glenoid was dislocated caudally at 

the end of treatment; they had a score of 42. In the 22 patients without this  

dislocation the score was 85. We conclude that this rare injury is not inherently  

unstable and, in the absence of caudal dislocation of the glenoid, conservative  

treatment gives a good functional outcome.

Introduction

Ipsilateral fractures of the neck of the scapula and the clavicle are generally described 

as a ‘floating shoulder’. Hardegger, Simpson and Weber,1 Herscovici et al 2 and 

Leung and Lam 3 consider this combination of injuries to be unstable. In their  

opinion conservative treatment may lead to a poor functional outcome, and to 

asymmetry of the external aspect of the shoulder.2,4 According to a biomechanical 

study an ipsilateral fracture of the clavicle contributes only a little to the instability 

of a fracture of the neck of the scapula.5 In the absence of any other fracture,  

additional disruption of either the acromioclavicular and coracoacromial ligament 

or the coracoacromial and coracoclavicular ligament is required to cause a floating  

shoulder.5 There is little available information in the literature in this subject. 

Recently, three studies have been published on the treatment of a floating  

shoulder. 2,3,6 Our aim was to review a series of 46 patients with ipsilateral fractures 

of the neck of the scapula and the clavicle who were treated in The Netherlands  

between 1991 and 1996, in order to identify factors which may influence the outcome.
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Patients and methods

Between 1991 and 1996 we interviewed by questionnaire 79 general and orthopaedic 

surgeons in 40 clinics, including all academic and large general hospitals in  

The Netherlands, about their experience of patients with an ipsilateral fracture  

of the neck of the scapula and of the clavicle. 

They all responded and together had diagnosed 46 patients with this injury during 

this period. The medical records and radiographs of all the patients were reviewed. 

Attention was paid to age, gender, the affected shoulder, the nature of the injury, 

associated injuries and treatment. The fracture classification used was based on the 

anatomical location, the presence of displacement and comminution of the fracture. 

The mean age of the patients was 43 years (17 to 78). The male:female ratio was 

5:1, and the right:left ratio, 1:2. Most of the 46 patients (40) had sustained the  

fractures in a road-traffic accident (Table I). There was a wide variety of associated 

injuries, and for the 45 patients who suffered from multiple injuries, fractures of  

the ribs were the most common followed by pneumothorax and head injury  

(Table II). The most common combination was a mid-shaft fracture of the clavicle 

and a fracture of the surgical neck of the scapula. Fracture of the anatomical neck 

of the scapula was diagnosed in only five patients (Table III). Seven fractures of the 

scapula extended into the glenoid fossa, 17 were associated with fractures in the 

 Traffic accident:  40

  M.v.a. 14

  Bicycle 13

  M.c.a. 8

  Pedestrian 4

  Train 1

 Fall  5

 Crush  1

Table 1   mechanisms of injury
Mechanisms by which the 46 patients sustained their injury
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body of the scapula and six with a fracture of the acromion. In 23 patients the fracture 

of the neck of the scapula was displaced at the time of the primary radiograph. 

Twenty-two scapular and 18 clavicular fractures were comminuted. 

Initially, 40 patients were treated conservatively with mobilisation of the shoulder  

as soon as the associated injuries allowed. Three of these patients had secondary 

osteosynthesis of the clavicle at a mean of 41 months (7 to 56) after the accident, 

one for nonunion (1) and two for correction of malunion (2). 

The indication for primary operative treatment was significant displacement of the 

clavicular fracture in combination with displacement of the fracture of the neck of 

the scapula. Six patients required operation, five by plate fixation of the clavicle in 

an attempt to prevent malunion of the scapula, and one by resection of the distal 

third of the clavicle during surgical repair of a ruptured axillary artery. Two of these 

Table 2   associated injuries
The associated injuries sustained by the 46 patients

 Rib fractures 36

 Pneumothorax 21 

 Head injury 19 

 Fractures of lower extremities 13 

 Spine fractures 11 

 Brachial plexus lesion 11

 Early mortality   1 

Table 3   site of fracture
The number of patients and sites of fracture

   Scapula

   Surgical neck Anatomical neck

  Proximal 1/3  7 -

 Clavicle Middle 1/3 26 2

  Distal 1/3 8 3
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had additional stabilisation of the acromioclavicular joint by Kirschner wires and a 

tension band because of a grade-3 disruption of the acromioclavicular ligament in 

one and a displaced fracture of the acromion in the other. All six patients underwent 

operation within 16 days of the injury. At follow-up, the patients were interviewed 

using a questionnaire about pain (VAS score)7 and daily and recreational activities. 

The function of the shoulder was assessed by the first author (AVN) using the 

system of Constant and Murley.8,9 Follow-up radiographs (3-view trauma series) 

were taken. Spearman’s rho test (SPSS statistical software; SPSS Inc. Chicago, Illinois) 

was used to determine the correlation between the previously mentioned factors and 

the Constant score. 

Results

Of the 46 patients, 11 were not available for follow-up because either they had 

died (3), moved abroad (2), had no fixed abode (3), had an unknown address (2) or 

were non co-operative (1). The mean follow-up for the remaining 35 patients was 

35 months (8 to 80) after the accident; 31 had initially been treated conservatively, 

and four had undergone plate fixation of the clavicle. One of these had additional 

stabilisation of a displaced fracture of the acromion using Kirschner wires and a 

tension band. Three patients had undergone subsequent surgery for nonunion (1) or 

malunion of the clavicle (2). 

Six of the 28 patients treated conservatively had pain at rest (mean VAS score 0.6; 

range 0 to 5.3) compared with three of the seven patients treated operatively (mean 

VAS score 0.8; range 0 to 3.5). Of the patients treated conservatively, 13 had pain 

during daily activities (mean VAS score 1.5; range 0 to 6.3) compared with four of 

the seven patients treated operatively (mean VAS score 2.8; range 0 to 6.6). 

Eight had to give up their job because of the injury, 23 returned to their previous 

occupation, and four were already retired at the time of injury. Six patients could not 

resume their recreational activities because of the injury. With the exception of two 

clavicular fractures, all other fractures (33) healed primarily. Of the patients treated 

conservatively, one developed an asymptomatic nonunion of the lateral clavicle and 

one a nonunion of the mid-shaft of the clavicle which was treated by plate fixation. 

In six of the 28 conservatively treated patients there was caudal dislocation of the 

glenoid at the end of treatment. Despite operation in seven patients, in only two 

was anatomical reduction of the clavicle and glenoid achieved. The follow-up  

radiographs of the other five showed a persistent caudal dislocation of the glenoid; 
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progressive dislocation of the glenoid was seen in only one patient. The mean 

Constant score for the 28 patients who were treated conservatively was 76  

(30 to 100); for the seven patients treated operatively it was 71 (43 to 100).  

Six of these 28 patients treated conservatively, all with caudal dislocation of the 

glenoid, had a low mean score of 42 (30 to 65). In the other 22 patients the mean 

score was 85 (56 to 100). The 14 patients treated conservatively who showed  

‘drooping’ of the shoulder had a mean score of 64 (30 to 93). The other 14 patients 

with a normal shoulder contour had a mean score of 81 (56 to 100). Five of 

the seven patients treated operatively, all with persistent caudal dislocation of the 

glenoid despite anatomical reduction of the clavicle, had a mean score of 62  

(43 to 86). The two patients treated operatively who did not have caudal dislocation 

of the glenoid, had scores of 85 and 100. In the patients treated conservatively, two 

factors, the radiological appearance and the contour of the shoulder, correlated with 

the Constant score (p<0.0001 and p=0.002, respectively). All other factors (age, 

gender, dominant side, and associated injuries) did not correlate with the scores.  

No factors in the patients treated operatively correlated with the score. One patient 

treated operatively and one treated conservatively developed post-traumatic  

dystrophy during follow-up; both had sustained an associated lesion of the brachial 

plexus at the time of the injury. Their scores were 55 and 44. Two patients treated 

conservatively developed pain in the clavicular region. 

Discussion

Based on biomechanical studies, Williams 5 defined a floating shoulder as a fracture 

of the neck of the scapula in which the glenoid and glenohumeral joint have lost 

bony and ligamentous attachment to the scapula and axial skeleton. Using this defi-

nition, not every patient with an ipsilateral fracture of the neck of the scapula and 

clavicle has a true ‘floating’ shoulder, because additional disruption of either the 

coracoacromial and acromioclavicular or coracoacromial and coracoclavicular  

ligaments is required. Thus, the nomenclature is confusing, and many authors  

describe every combination of fractures of the ipsilateral neck of the scapula and 

mid-shaft of clavicle as a floating shoulder.2,4,10,11 There is also controversy in the 

literature with regard to treatment and outcome after this combination of fractures. 

This may be due to inadequate understanding of the mechanics of the injury, and 

lack of biomechanical data. Recently, three studies have been published on the  

treatment and functional outcome of patients with this rare combination of  
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fractures.2,3,6 In the experience of Herscovici et al,2 reviewing seven patients with a 

floating shoulder, plate fixation of the clavicle also stabilises the neck of the scapula, 

thereby preventing malunion of the scapula (Fig. 1). In their view this fracture pattern 

is unstable since the suspensory support of the clavicle and the attachment of the 

glenoid to the proximal fragment of the scapula are lost. Leung and Lam 3 reviewed 

15 patients after surgery to both the clavicle and scapula, and reported good to 

excellent functional results. Ramos et al 6 described the functional outcome in 13 

patients treated conservatively; all but one had good to excellent results. 

Our 22 conservatively treated patients, without caudal dislocation of the glenoid, 

had an average Constant score of 85. In these patients there was no radiological  

evidence of associated ligamentous injuries except for ipsilateral fractures of the 

neck of the scapula and clavicle. The good results in this group of patients are  

supported by the data of the biomechanical study of Williams,5 which showed that 

this combination of fractures is not inherently unstable. 

It has been suggested that unreduced fractures of the neck of the scapula are  

Figure 1
Anteroposterior radiographs showing a) an ipsilateral fracture of the clavicle  
and of the neck of the scapula and b) after treatment by plate fixation of the 
clavicle, with anatomical reduction of the fracture of the neck of the scapula 
(Constant score: 100).
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associated with a poor functional outcome.12 The normal level arm of the rotator 

cuff is lost when the glenoid is displaced, resulting in weakness of abduction and 

pain in the subacromial region.1,12 Weakness of abduction was not only found in all 

patients with a caudally dislocated glenoid who were treated conservatively, but also 

in three of the four who were treated by primary fixation (Fig. 2). These three had 

malunion of the fracture of the neck of the scapula, despite anatomical reduction 

and internal fixation of the clavicle (Fig. 3). It seems likely that the functional result is 

associated with the adequacy of the reduction of the glenoid. These findings are in 

contrast with the results of Herscovici et al.2,10 It is clearly not always possible to 

reduce, indirectly, the fracture of the neck of the scapula by anatomical reduction 

and fixation of the clavicle, and in our opinion this may be related to ligamentous 

injuries, which are not visible on radiographs. Based on these results we would limit 

our recommendations to conservative treatment for patients with ipsilateral fractures 

of the clavicle and neck of the scapula, which are undisplaced. For a fracture of the 

clavicle and a caudally displaced fracture of the neck of the scapula, we recommend 

operative treatment. The exact nature of the surgical treatment cannot be determined 

on the basis of the small group of patients treated operatively, but plate fixation of 

the clavicle alone does not always seem to be sufficient. 

Figure 2
This 49-year-old man was treated  
conservatively with a poor functional  
outcome (Constant score 33).
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In summary, this rare combination of fractures is generally caused by high-energy 

trauma, and in our study, with one exception, is associated with other injuries.  

The severity of the associated injuries may divert attention from the trauma to the 

shoulder, with the risk of inappropriate treatment. This rare lesion is not by definition 

unstable, and we believe that, in the absence of caudal dislocation of the glenoid, 

conservative treatment will give a good functional outcome. 

Figure 3
Anteroposterior radiographs of a 61-year-old woman showing a) rib fractures  
and fractures of the clavicle and neck of the scapula and b) after plate fixation  
of the clavicle. Despite unatomical reduction of the clavicle, the glenoid is 
incompletely reduced. She had a final Constant score of 66.
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chapter 3

Fractures of the scapula surgical neck; 
outcome after conservative treatment  

in 13 cases
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Abstract

Background: Conservative treatment of fractures of the scapular neck does not  

uniformly lead to a success. The purpose of this retrospective study was to analyze 

the occurrence of glenoid displacement in conservatively treated patients with a  

scapular neck fracture without concomitant shoulder girdle injury in relation with  

the clinical outcome.

Methods: Between 1991 and 2001, one hundred and seventy-seven patients with a 

fracture of the scapula were treated in two Dutch clinics. Twenty-four patients 

sustained a scapular neck fracture, who all, with the exception of one, were treated 

non-operatively. At follow-up 13 patients had a functional evaluation and were 

assessed clinically at an average of 5.5 years after the injury.

Results: All fractures healed uneventfully. At final radiographic evaluation four 

patients were found with significant translational displacement of fracture fragments 

(> 1 cm), however no angular displacement of the glenoid was found (no GPA < 20º). 

The functional outcome of the 13 patients was excellent (Constant score: 90).  

No correlation was found between functional outcome and malunion. 

There was no significant difference between the SF-36 scores in the follow-up group 

and the scores for age-matched controls in the general population. 

Conclusions: Nonoperative treatment of a surgical neck fracture of the scapula in 

absence of an ipsilateral shoulder injury and associated permanent neurological 

impairment leads to a good to excellent functional outcome, with or without  

significant translational displacement.

Introduction

As reported in the majority of publications, fractures of the scapula are uncommon, 

usually the result of major blunt trauma, commonly associated with other regional 

and general injuries, and in the vast majority being managed successfully non-

operatively [3, 9, 10, 21, 22]. However, fair to poor results are reported in case of 

grossly displaced scapular neck fractures [2, 3, 15, 17, 19]. It is not always clear in 

these studies whether the displaced scapular neck fracture was accompanied with 

ipsilateral osseous and/or ligamentous shoulder lesions [2, 3, 17]. Instead of an  
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isolated fracture of the scapular neck, in those cases there is another disruption of 

the Superior Shoulder Suspensory Complex, a bony/soft tissue structure as described 

by Goss. According to Goss this would create a potentially unstable anatomic situation 

with the possibility of significant displacement of the scapular neck fracture [10].  

It is also not clear whether glenoid displacement does occur in case of an isolated 

fracture, and what the result is of conservative treatment in these cases.

The purpose of this retrospective study was primarily to determine whether significant 

glenoid displacement does occur in absence of associated injuries to the superior 

shoulder suspensory complex (SSSC) and secondly to analyze the clinical outcome of 

patients with an isolated scapular neck fracture after conservative treatment, especially 

in relation to an eventual glenoid displacement. 

Material and Methods

179 fractures of the scapula in 177 patients were treated in two clinics, one academic 

and one large regional teaching hospital in the Netherlands, in the period 1991 to 

2001. The radiographs of these patients were retrospectively reviewed. The fractures 

were classified according to the anatomical site as shown in table 1.  

Table 1
Distribution of the fractures (n=179)

C
H

A
P

T
E

R
 3

  
  

  
 T

H
E

 S
C

A
P

U
LA

R
 N

E
C

K
 F

R
A

C
T

U
R

E
  

 Fractures of the scapula  N %

    179

 Body  64 36

 Spine  10 6

 Acromion  9 5

 Coracoid process  1 0,5

 Scapular Neck  59 32,5

   Anatomical neck 3 1,5

   Surgical neck 24 13

  Surgical neck+ clavicle and/or AC joint 32 18

 Glenoid*  36 20

 
 * avulsion fractures or Bankart lesions are excluded
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The medical records of patients with a closed scapula surgical neck fracture whether or 

not with extension into the scapular body but, as far as radiographic detectable, without 

concomitant lesions of the superior shoulder suspensory complex, were analysed. 

Emphasis was on gender and age of the patient, trauma mechanism, associated injuries 

and complications. Of the 24 patients primarily included, 11 were not available for 

follow-up. Either they had died (3), were living abroad (1), had an unknown address 

(1), had significant pre-injury shoulder complaints (1), or were excluded from the study 

for permanent neurological disability (Three patients suffered severe cerebral injuries 

with a hemiplegia on the side of the scapular neck fracture (n=2) and a spastic  

paraplegia (n=1) as a result. One patient sustained a complete nerve root avulsion of 

C5-Th1). Finally one patient was excluded from the study while he had undergone 

operative treatment of the scapular neck fracture (1). The remaining (13) patients with 

a conservatively treated scapular neck fracture, were invited to attend a clinical and 

radiographic follow-up examination with assessment of the Short Form 36 (SF-36) 

[1]. The patients were also questioned about pain, daily and sport activities and their 

overall satisfaction with the outcome. The first author (AvN), who was not involved 

in the treatment of these patients, took the history and performed the physical  

examination of the patients using the system of Constant and Murley [6, 7].  

This frequently used system involves a numeric estimation of the patient’s pain  

(max. 15 points), activities of daily living (max. 20 points), function (max. 40 points), 

and strength (max. 25 points) of the affected shoulder. In assessment of the follow-up 

Figure 1
An AP X-ray of a patient with a significant 
displaced surgical neck fracture of the 
scapula. The Glenopolar angle is the angle 
between the line connecting the most  
cranial point of the glenoid cavity with the 
most caudal point of the scapular body. 
According to Bestard et al. a GPA ranging 
from 30º to 45º is considered normal.   
A GPA < 20º is, arbitrarily, considered 
abnormal.
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radiographs (3-view trauma series) attention was paid to the relationship between 

corpus and glenoid by measuring the translational displacement (“shortening”) and 

the angular displacement on an AP radiograph in the scapular plane. The angular  

displacement was assessed by measuring the glenopolar angle (GPA) (fig 1).  

The glenopolar angle is originally described by Bestard and the most frequently used 

method to determine a possible glenoid angular displacement [5]. Significant  

displacement of the glenoid, although arbitrary, is defined as > 1 cm translational 

displacement and/or a GPA < 20º [5, 18, 19].  

All data were analyzed with use of the SPSS Version-9 software package (SPSS Inc, 

Chicago, Illinois). The level of significance was set at 0.05 for all statistical tests.  

In addition, the SF-36 scores for the patients of the follow-up group were compared 

with those for age-matched controls in the general population.
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Table 2
Clinical data on 13 patients who sustained an isolated scapula neck fracture

 Case Sex, Follow Side Injury Injury Pain Range Functional Radiological Gleno Overall
  Age (yr) Up  Mechanism Severity  of Score shortening Polar (patient) 
  at Injury    Score  Motion (Constant) scapula neck Angle2 Satisfaction
      (points)

 1 M, 52 7.5 y Left Motorcycle 26 None Full 100 1 cm 26 Very

 2 M, 50 2.6 y Right Motorcycle 20 None Loss abd 50° 64 3.5 cm 26 Not

 3 M, 15 10.6 y Left Automobile 29 None Full 100 < 1 cm 28 Very

 4 F, 17 1.6 y Right Bicycle 42 None Full 100 < 1 cm 28 Very

  51 F, 47 7.9 y Right Automobile 30 Mild Loss abd 40° 64 < 1 cm 30 Very

 6 M, 34 1.1 y Left Compression 19 None Full 100 < 1 cm 20 Very

 7 M, 46 3.1 y Left Motorcycle 10 None Full 100 < 1 cm 26 Very

 8 M, 52 2.1 y Right Motorcycle 11 Mild Full 83 < 1 cm 26 Very

 9 M, 45 12 y Left Motorcycle 30 Mild Loss abd 30° 87 < 1 cm 24 Yes

 10 M, 61 5 y Left Motorcycle 14 None Full 100 < 1 cm 28 Very

 11 M, 59 4.8 y Left Bicycle 10 None Full 96 < 1 cm 24 Very

 12 M, 45 8 y Left Fall 11 Mild Full 95 2 cm 24 Very

 13 F, 65 4.7 y Right Bicycle 19 Mild Full 86 < 3 cm 26 Yes

  1 = only patient with an anatomical scapula neck fracture
  2 = measurement of glenopolar angle in degrees
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Results

The clinical data of these 13 patients are summarized in table 2. The average age 

was 45 years (range 15- 65 years) at time of injury. The average follow-up after the 

accident was 5.5 years (range 1.6 y-12 y).  All but two patients sustained the scapular 

neck fracture in a road-traffic accident. All 13 patients had been treated conservatively 

with a sling and started with active range-of-motion exercises as soon as the associated 

injuries allowed. No complications were registered during follow-up. The Injury 

Severity Score (ISS) based on Hospital Trauma Index (HTI) ranged from 10 to 42 with an 

average of 21. Eight out of 13 patients were multitrauma patients with an ISS > 18.  

All patients suffered associated injuries, which are listed in table 3. Fracture of  

the anatomical neck was diagnosed in one and of the surgical neck in the other 

twelve patients. 

All fractures healed uneventfully. At final radiographic evaluation four fractures were 

found to have healed with significant translational displacement of fracture fragments 

with “shortening” of the scapular neck between 1 cm and 3.5 cm, however no angular 

displacement of the glenoid was found (no GPA < 20º; Table 2) in these four patients. 

The other nine scapula fractures were non or minimally displaced (< 1cm). The mean 

glenopolar angle (GPA) was 25º (20º to 30º) in the 13 patients. Progression of  

dislocation compared with the alignment at initial presentation was not observed. 

Table 3
The associated injuries sustained the 13 patients who were available for follow-up

 Associated Injuries Number

 head injury 4

 fractured ribs with haemopneumothorax   7

 lung contusion 6

 flail chest 1

 ruptured spleen 2

 bowl perforation 1

 spinal fractures  4

 extremity fractures 13
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On the basis of the Constant rating system eleven patients had a good to excellent 

functional result. The mean Constant score for all 13 patients was 90 (range 64  

to 100; Table 2). No correlation was found between functional outcome and  

displacement. Five patients complained of mild pain during heavy activities, such as 

lifting weights and strenuous outdoor labour. All patients reported no pain at rest or 

during light activities. One patient had to give up his job (providing assistant) because 

of the shoulder injury, eight patients returned to their original employment, three 

patients were already retired and one patient was at highschool at the time of injury. 

Seven patients did not participate in sport activities at time of injury, four patients 

could restart their sport activities and three patients didn’t, however for unrelated 

reasons. None of the patients had an abnormal shoulder contour. All but three 

patients had a full symmetrical range of shoulder motion. Despite a full range of 

motion two patients had a fair Constant score of 64. This result may be related to a 

rotator cuff injury, a lesion of the m. infraspinatus was confirmed by MRI, in one 

patient, who had a significant displacement of fragments (3.5 cm) with “shortening” 

of the neck. The other patient was the only one with an anatomical scapular neck 

fracture, but without dislocation (fig 2). Ten patients were very satisfied with the 

overall outcome, two were satisfied and one was not. There was no significant  

difference in SF-36 scores in the group of patients with a scapula neck fracture  

compared with  the age-matched population controls. (p < 0.05) (Table 4). 
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Figure 2
Two fracture patterns involving the  
scapula neck have been described by  
Hardegger: a = an extremely rare  
fracture type through the anatomical  
neck, b = a fracture through the surgical 
neck of the scapula.
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Finally there was no correlation between the highly variable original injury severity 

scores (5 - 41) and the final functional outcome.

Discussion

In the present series it was found that the majority of patients are young or middle-

aged and sustain the scapular neck fracture in a high energy trauma. In all cases the 

patients suffered other, particularly chest, injuries with a high ISS, which may distract 

attention from the shoulder injury at the time of injury. The reason why the scapula 

fracture may be overlooked with undertreatment as a result  [13,20].  

Table 4
The SF-36 scores

 SF-36 Physical   Comfort Role  Emotional Social Vitality Mental Health
 scores functioning  Physical role function  Health perception
     function      

 case 1 0 100 100 0 62.5 45 48 77

 case 2 100 100 95 33.3 62.5 35 68 52

 case 3 100 100 100 100 100 90 92 97

 case 4 100 33.5 50 0 62.5 45 60 52

 case 5 100 94 50 100 75 90 100 100

 case 6 100 100 100 100 100 100 96 100

 case 7 100 94 95 100 100 80 100 77

 case 8 0 46 75 66.6 50 25 72 40

 case 9 100 62 95 100 100 65 92 70

 case 10 100 100 95 100 100 100 92 60

 case 11 0 100 70 0 50 20 28 30

 case 12 100 41 100 100 100 100 96 82

 case 13 25 37 60 66.6 62.5 40 48 25

 Mean 100 97 95 100 100 65 92 70

 Age
  match.
 populat. 

 Control 83,9 75,1 77 82,2 84,2 68,2 76,5 71,4



37

The treatment of scapula fractures in general has historically been non-operatively, 

mostly with a favourable outcome [3, 8, 9]. However a more differentiated approach 

is necessary as conservative treatment exclusively does not uniformly lead to a good 

result. Several authors noted fair to poor results after conservative treatment of 

strongly displaced scapular neck, glenoid and acromion fractures [2, 3, 10, 13, 15, 

17]. This is probably the reason for the increasing interest in the open reduction and 

internal fixation of these fractures in the more recent literature [4, 11, 12, 14]. It is 

also suggested that patients with malunion of the scapular neck commonly suffer from 

(some) loss of range of motion, particularly abduction, reduced abduction strength 

and subacromial pain [2].However a clear correlation between a poor functional out-

come and residual displacement of the scapular neck is not demonstrated so far [18]. 

The findings of our study suggest that translational displacement of fracture fragments 

of the scapula, although rare, is possible without double disruption of the superior 

shoulder suspensory complex (SSSC). In a recent study of Romero less favourable 

outcome of scapular neck fractures, whether or not with a double disruption of the 

SSSC, was correlated with angular displacement of the scapular neck as measured 

with the GPA [19]. In contrast with his findings we found no significant angular  

displacement of the scapula neck as measured with the GPA in patients with a  

scapula neck fracture. Whether double disruption of the superior shoulder suspensory 

is necessary to cause significant displacement of the glenoid neck, as described in 

studies concerning patients with clavicle and ipsilateral scapular neck fractures, is 

questionable [15,19]. How much displacement is tolerable and what the indications 

are for surgical treatment is controversial in literature [18]. Our results however  

show that a good functional outcome, expressed in a Constant score, is possible 

despite significant translational displacement. One should be aware of surgical 

over-treatment while 1 cm of translational displacement is not an accurate criterium. 

With regard to the SF-36 scores, there are no statistical significant differences  

between the mean scores of our study group compared with an age matched 

population. In summery, our results indicate that nonoperative treatment of 

patients with a scapular neck fracture, whether or not with significant translational 

displacement, leads to good or excellent functional outcome in absence of  

neurological disability and associated ipsilateral shoulder injury.Residual angular 

displacement, as measured with the GPA (< 20º) on a standard AP X-rays, was not 

found in our patient group. 
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chapter 4

Biomechanical analysis of scapular neck 
malunion -a simulation study

E. K. J. Chadwick, A. van Noort, F. C.T. van der Helm

Clinical Biomechanics 2004; Vol 19, No 9: pp 906-912.
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Abstract

Objective: To explain loss of shoulder function following scapular neck malunion in 

terms of biomechanical changes around the gleno-humeral joint.

Design: Biomechanical modelling study.

Background: Residual rotation of the scapular neck after fracture can lead to pain 

and loss of function, and the indications for surgical intervention are contested.

Methods: A 3D, large-scale, musculo-skeletal model of the upper limb was used to 

compare shoulder biomechanics in the case of scapular neck malunion with normal 

anatomy. Abduction of the humerus was simulated with three models: normal  

anatomy, 24º and 40º inferior scapular neck rotation.

Results: Predicted muscle activation differed greatly between the control and the 

fracture cases. The motion required additional muscle effort for the maintenance  

of gleno-humeral stability in the fracture cases. Higher moments in the plane of 

abduction were generated by the teres major, pectoralis major and biceps brachii 

muscles with high humeral elevation angles. The rotator cuff muscles were severely 

shortened in the post-fracture cases and the forces in these muscles were greatly 

reduced in a test of loaded abduction with the humerus at 90º .

Conclusions: Given the function of the rotator cuff muscles as stabilisers of the 

gleno-humeral joint, it is concluded that the loss of force in these muscles, together 

with other changes in muscle activation, will lead to loss of arm function in patients 

with scapular neck malunion.

Introduction

Scapular fractures are relatively uncommon and often associated with other injuries 

80%) [21]. In the vast majority of cases, scapular fractures can be treated by a sling 

and early active motion. Less favourable results follow non-operative treatment of 

displaced scapular neck and glenoid fractures [1,2]. Displaced scapular neck fractures 

which are reduced surgically lead to satisfactory outcomes in most cases : [9,13].  

On the other hand, the functional outcome of a scapular neck fracture which is not 

successfully reduced has often been described as poor [15,18].
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Patients with a remaining inferior displacement of the glenoid after scapular neck 

fracture commonly complain of loss of range of motion (particularly abduction)  

[18], reduced abduction strength and subacromial pain [1]. Good functional outcome 

after a scapular neck fracture seems to correlate with successful reduction of the 

scapular neck, as residual displacement leads to loss of function and pain. 

It is not clear, however, how much displacement is tolerable and in order to answer 

this question a better understanding of the biomechanical effects of scapular neck

malunion is necessary. No studies were found in the literature addressing this problem.

The aims of this simulation study were:

·  to identify biomechanical causes for loss of shoulder function in patients with  

residual displacement of the scapular neck; 

·  to test whether there is biomechanical support for the current indications for  

surgery;

·  to identify areas where further work is needed in this field. 

By simulating normal patterns of movement in a musculo-skeletal model with  

geometry reflecting residual rotation of the scapular neck, limiting factors in the  

performance of these movements can be identified. The model used in this study 

was first described by van der Helm (1994) [16] and has since been used by a  

number of authors to study a wide variety of biomechanical problems [4,7,17,19].

Methods

Musculo-skeletal model
A finite-element, musculo-skeletal model of the upper limb was used to study the 

scapular neck fracture. Each of the joints sternoclavicular, acromioclavicular  

and gleno-humeral are modelled with three degrees of freedom. However the  

scapulo-thoracic gliding plane and the conoid ligament reduce the number of 

degrees of freedom to six: three in the shoulder girdle (clavicle and scapula) and three 

at the gleno-humeral joint. In this model each anatomical structure is represented by 

an appropriate element type [16]. Bones are modelled as rigid bodies, muscles as 

active trusses (tensile force generating elements) and ligaments as passive trusses 

(passive elements which can only be loaded in tension).
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The one exception to this is the conoid ligament which, due to its high stiffness,  

is modelled as a rigid link. Each node of the finite element model represents an  

anatomically important structure, such as a joint rotation centre, ligament attachment 

point or muscle attachment point. The rim of the glenoid is modelled as an ellipse.

Geometrical data for the model are taken from the cadaver studies of Klein-Breteler 

and Minekus [8,11]. In these studies the origins and insertions of the 31 muscles 

(divided into 139 elements) around the shoulder and elbow joints were measured, 

as well as fibre lengths, sarcomere lengths, tendon lengths, physiological  

cross-sectional areas (PCSA) and pennation angles.

The motions of the bones are used as input to the model, together with the external 

loading, and internal forces and moments are calculated using an inverse-dynamics

method. Output from the model consists of the resulting joint contact forces,  

ligament forces and muscle forces, lengths and moment arms. The load-sharing

problem is solved using a non-linear optimisation routine in which the sum of the 

squared muscle stresses is minimised. The objective function, J, is given by:

This objective function has been used by a number of authors [7,16,19]. Van der 

Helm investigated four different cost functions and found the function used in this 

study gave satisfactory results for a moderate computational cost.

The constraints for the optimisation are formed not only by the need to balance 

external moments, but also by the inclusion of muscle length–tension relations  

(Fig. 1 and Appendix A). Maximum force in the ith element (muscle part) is a  

function of maximum muscle stress at optimum length (σmax), PCSAi and fibre length 

(lfi). Optimum muscle length is estimated at optimum sarcomere length 2.7 μm.
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  If the model is unable to simulate a certain movement, an error code is generated, 

indicating where the shortcoming lies. A type 1 error indicates that no solution for 

muscle forces could be found: there is insufficient muscle force available to resist the 

external load.

This occurs when the load exceeds that of the maximum available muscle forces, 

Fmaxi(lsi). A type 2 error indicates that the stability constraint could not be satisfied: 

that is, that although sufficient muscle force exists to balance the external load, this 

could not be done whilst maintaining gleno-humeral joint stability. Stability is 

defined as being maintained while the joint reaction force vector is directed inside 

the glenoid fossa. The margin of stability is also indicated by the value of the stability 

constraint: a value of -1 indicates complete stability (reaction force in centre of 

glenoid), and a value of 0 indicates marginal stability (reaction force right at the 

edge of the glenoid: additional muscle force necessary to maintain stability over and 

Figure 1
The force–length relation used in the model.
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above that needed for balancing external moments). The value of the objective  

function J (Eq. (1)), being related to the total muscle force in the system, gives an 

indication of effort needed to complete a given task.

Note about modelled kinematics
The motions of the shoulder girdle of a measured subject cannot be exactly  

reproduced by the model due to differences in the geometry between the subject 

and the specimen whose parameters are in the model. The shoulder girdle is a  

closed-chain mechanism and the motions are constrained by such factors as the 

shape of the thorax over which the scapula glides, the length of the conoid ligament, 

the length of the clavicle and the size of the scapula. In order to ensure that all  

positions input to the model can actually be assumed by the model, the measured 

angles are adjusted to angles which adhere to the kinematic constraints of the 

model, whilst keeping these adjustments to a minimum. A root-mean-squared value 

of the differences between measured and "optimised angles" for the three clavicle 

and three scapula angles was calculated to give an indication of the amount of 

adjustment necessary. This value did not exceed 13º in any of the simulations.

Model simulations
Churchill found a mean superior glenoid inclination of 4º (range 7º inferior to 16º 

superior) in 344 scapulae [3]. Inclination of the glenoid was measured as the

angle between the perpendicular to a line joining the inferior and superior borders 

of the glenoid and the transverse axis of the scapula. The transverse axis is the axis 

joining the centre of the glenoid and the intersection of the medial border and the 

spine of the scapula. Van Noort defined an inferior inclination of the glenoid  

of 20º as being significantly displaced [6]. American Society of Internal Fixation  

guidelines [12] state that 40º or more of scapular neck rotation is an indication  

for surgical treatment. Therefore (the somewhat arbitrary) inferior scapular neck 

rotations of 24º and 40º were used in the simulations of scapular neck fractures in 

order to test whether there is biomechanical support for the proposed indications for 

surgery. The effect of the scapular neck displacement was investigated by comparing 

the results of three simulations of certain tasks, one simulation with the normal  

scapular geometry (control), one simulation with a scapular neck rotation of 24º 

(SF24) and one with a rotation of 40º (SF40).  

Normal kinematics were needed for the simulations, and were obtained from 24 

healthy volunteers [10]. The motions of their upper limbs were recorded during 

humeral abduction and the curves averaged using the P-spline fitting technique  
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described by Eilers and Marx [5]. These averaged curves were used for the model 

simulations.

An alteration of the geometry within one of the rigid body elements can be modelled 

by displacing some of the nodes belonging to that element with respect to the

local co-ordinate system of the rigid body. Simulation of a scapular neck fracture was 

achieved in this way. The fracture line was defined to run along a line joining the 

suprascapular notch and the infraglenoid tubercle (see Fig. 2): all structures lateral to 

the fracture line were displaced. The conoid ligament was assumed to remain intact 

and the insertion of the conoid was chosen as the reference point for rotations.  

No translations of the conoid insertions were assumed. The following structures 

were displaced: 

· centre of rotation and articular surface of glenohumeral joint;

· origins of biceps, triceps, pectoralis minor and coracobrachialis muscles;

· insertions of trapezoid and conoid ligaments.

The function of patients is most commonly described as being limited in abduction 

motion and abduction strength, therefore these are the two tasks that were analysed

with the help of the model. The first task was abduction of the humerus from 0 to 

150º. In the second task, the loading on the 90º abducted humerus was steadily 

increased until the maximum load that the model could resist was reached.  

Figure 2
The location of the simulated scapular-
fracture (from Wheeless, 1996).
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The patterns of muscle activation around the shoulder joint before and after  

the fracture were then studied. Particular attention was paid to the muscles of the  

rotator cuff (infraspinatus, supraspinatus, subscapularis and teres minor), and their 

effect on glenohumeral joint stability.

Results and discussion

Fig. 3 shows the moment balance about the anteroposterior axis of the gleno-humeral 

joint during an abduction of the humerus. For the higher elevations shown (>70º), 

very different patterns of muscle activation are seen in the control case and the  

fracture cases.

Particularly high contributions are seen from teres major and biceps brachii caput 

longum (adductors), and pectoralis major (abductor) in the fracture case. It should 

be emphasised here that this study was based on the kinematics of normal subjects, 

Figure 3
Moments about the GH joint in the frontal plane during abduction.
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in an attempt to understand the reasons that these motions cannot be performed by 

patients. Thus these results highlight the difficulties a patient would have in trying to 

execute motions with normal kinematics. Table 1 shows the values of simulation  

outcomes at maximum elevation of the humerus during abduction.

The value of the objective function (the sum of the squared muscle stresses) indicates 

far more muscle activity in the fracture cases than in the control case. At the same 

time, it can be seen in the fact that the value of the constraint function is zero for 

the two fracture cases, that the stability of the gleno-humeral (GH) joint has to be 

actively maintained using additional muscle effort. In the control case, the value of 

the stability constraint is negative, indicating that the joint is inherently stable as  

a result of the muscle forces necessary to balance the external load. Thus the model 

needs to expend considerably more effort to maintain stability in the fracture cases 

as compared to the control case.

This can be explained in terms of the effect of the fracture on the lengths of the 

rotator cuff muscles, which would normally ensure stability of the GH joint. Fig. 4

shows this effect at 90º humeral abduction. The lengths of the rotator cuff muscles 

are considerably reduced after the fracture, bringing the muscles away from their 

optimum lengths and reducing the maximum forces that they can generate, in some 

cases to zero. Their stabilising role is then taken over by the muscles previously

mentioned. These muscles have much larger moment arms than the rotator cuff 

muscles and so can introduce unwanted moments when used to stabilise the joint. 

This leads to increased cocontraction and an increase in the effort needed to  

complete the movement.

Table 1   
Summary of abduction simulations (values at maximum elevation of 150º).

  Control SF24 SF40  

 Objective function  946 2179 6015  

 Stability constraint -0.426 0 0

 GH displacement (cm) 0 2.2 3.6
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Table 2 shows the results of the abduction strength simulations. The maximum 

abduction strength remains almost unchanged in all three cases, and the joint 

appears to remain completely stable (stability constraint value approaching -1).  

Given that all the structural elements of the model (joint surface, joint centre of 

Figure 4
The relative fibre lengths of the rotator cuff muscles at 90º humeral abduction.
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Table 2   
Summary of abduction simulations (values at maximum elevation of 150º).

  Control SF24 SF40  

 Maximum moment (Nm) 34.8 35.4 36.6

 Stability constraint -0.943 -0.955 -0.917

 Joint force (N) 1701 1143 1016
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rotation, muscle attachment points) were displaced consistent with a rotation of the 

scapular neck, it must be concluded from this that the loss of abduction strength 

seen in some patients cannot be explained by purely mechanical factors. It may be 

that stability in the dynamic sense (the ability to return to an equilibrium point after 

a perturbation) is also very important.

This concept is impossible to model in an inverse dynamic model, but a closer look 

at the kinematics and dynamics of the muscles acting around the glenohumeral joint 

demonstrates how this stability might be compromised in the two fracture cases. 

Looking at the rotator cuff muscles, it can be seen that their function is seriously 

compromised. In the case of the 40º fracture, both the infraspinatus and the teres 

minor muscles are reduced to well under 40% of their optimum length, where they 

are able to generate absolutely no force (see Fig. 1). As the rotator cuff is often  

considered to have an important stabilising function, this may be a cause of loss of 

function in the human arm. The moment arms of the rotator cuff muscles are also 

Figure 5
Forces (N) in the rotator cuff muscles during maximum abduction moment  
at 90º humeral abduction. 
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changed by the injury, and this is of course included in the model, but is of secondary 

importance in muscles that are able only to generate minimal forces.

The modelled muscle forces before and after scapular neck fracture are shown in Fig. 5. 

It can be seen that the total rotator cuff force is reduced from over 600 N in the

control case to less than 30 N in the 40º rotation case. Increases in the forces in  

the two parts of the deltoid and the long head of the biceps are then used to  

maintain static joint stability and to ensure sufficient force to balance the external 

moment (see Table 3). It should also be noted that the moment arm of the biceps 

longum has changed such that the muscle produces an adduction moment instead 

of an abduction moment around the GH joint.

Conclusions

In the current study, scapular neck rotations of 24º and 40º were simulated using a 

musculo-skeletal model. Both of these conditions were well outside the range of

glenoid orientations found in normal scapulae by Churchill (inferior range 7º) and 

thus represented significant injuries [3]. The changes in geometry modelled in this 

study represent typical changes following displaced scapular neck fracture. 

Table 3   
Abduction moments (Nm) during the strength simulations (at 90º abduction).

  Control SF24 SF40  

 Deltoid (scapular) 23.8 31.5 34.2

 Deltoid (clavicular) 4.8 5.5 7.1  

 Infraspinatus 3.1 – –

 Subscapularis 2.5 – –

 Supraspinatus 2.1 1.0 –

 Biceps caput longum 1.7 -1.0 -3.1
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Rotation of the glenoid is predominantly in the plane of the scapula (inferiorly) and 

the integrity of the conoid ligament is maintained. Small anterior rotations occasionally 

seen in scapular fracture were not modelled as there is little quantitative information 

on this due to the use of antero-posterior X-rays. The introduction of these fractures 

to the model resulted in large-scale changes in muscle lengths, muscle activation and 

activation patterns. In particular, the lengths of the rotator cuff muscles were greatly 

reduced by the displaced glenoid, leading to substantially reduced forces in these 

muscles. The muscles of the rotator cuff have been described as having three distinct 

functions [14,16]. The first of these is as prime movers of the humerus with respect 

to the scapula. The second is as compressors of the humeral head into the glenoid 

fossa, thus preventing dislocation of the gleno-humeral joint. The third function is as 

providers of muscular balance. That is to say, as the gleno-humeral joint is fully free 

to rotate in three dimensions, the rotator cuff muscles are essential for balancing 

unwanted, out-of-plane moments caused by the larger prime movers, such as the 

deltoid, and allow proper directional control of the arm. Loss of force generation 

capability in the rotator cuff muscles would lead to a reduction in all three of these 

functions, and thus to a general reduction in shoulder function. From the current 

study, it appears that loss of the first function, that of prime mover, can be easily 

compensated for by small increases in force in other muscles with large moment 

arms. The other two functions, humeral head compression and muscular balance, 

may be more difficult for patients to restore, as they involve very different patterns 

of muscle activation in the post-injury situation. An increase in the forces in several 

other muscles, including the deltoid, teres major, pectoralis major and the biceps 

brachii was seen. It may be that the extra energetic cost associated with the use of 

these muscles, combined with the unfamiliar activation pattern, prevents patients 

from actually adopting this strategy.

In summary, analysis of changes after scapular neck fracture does not reveal just one 

mechanical factor to which the observed functional loss can be attributed.

A series of changes, the largest of which occur in the muscles of the rotator cuff, 

lead to changes in the coordination patterns necessary to achieve normal motion,

and an increase in the effort involved in maintaining gleno-humeral joint stability. It 

is likely that these changes are too great for many patients, and that alternative

patterns of motion result from the changed geometry. It is therefore concluded that 

the decision to intervene surgically cannot be based simply on the degree of scapular 

neck rotation, but should be made after consideration of the functional capability of 

the rotator cuff muscles.
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In future research, the measurement of shoulder motion patterns in patients with a 

residual displacement of the scapular neck, with the simultaneous measurement of 

electromyographic data, will allow the identification of alternative or compensatory 

motions. A sensitivity analysis of the effects of scapular neck rotation on dynamic

arm stability, using a forward-dynamic model, will give great insight into the problem 

and will be a main focus of future work. 

Appendix A. Muscle force–length relation

The maximum normalised force, F, that can be produced in a muscle fibre is determined 

as a function of sarcomere length, ls, and is given by the following formula:
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The Floating Shoulder 
-a review article
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Abstract

Ipsilateral scapular neck and clavicular shaft fractures comprise the so-called  

“floating shoulder”. 

This rare injury, which is in general caused by a high energy trauma, is perceived  

to be an unstable injury with the considerable risk of significant displacement of  

scapular neck and/or the clavicular fracture. 

An understanding of the patho-anatomy is important in identifying a floating  

shoulder and to offer rational treatment for this injury. 

The current status of the anatomical, biomechanical and clinical aspects of a  

floating shoulder is reviewed in this article. 

Recommendations for treatment of particularly displaced ipsilateral fractures of  

the scapular neck and clavicular shaft can not be derived from the reported clinical  

studies. The possible correlation between functional outcome and malunion  

of the scapular neck is called into doubt. 

Introduction

The term “floating shoulder” was introduced by Herscovici in 1992 [18] and defined 

as ipsilateral fractures of the clavicular shaft and the scapular neck (fig 1). Ganz and 

Figure 1
A floating shoulder is defined by  
ipsilateral clavicular and scapular neck 
fractures. The distal fragment (glenoid 
and coracoid process) is connected to the 
proximal fragment (acromion, scapular 
spine and body) by the coracoclavicular 
and coracoacromial ligaments.
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Noesberger were the first authors to suggest a loss of the stabilizing effect of the 

clavicle in the case of a combination of these two fractures [11]. In contrast with  

isolated scapula fractures, they found, more often, a more severe displacement of 

the scapular fracture when combined with an ipsilateral clavicular fracture. Some 

authors criticise the accuracy of this definition. In the opinion of Kumar, the  

terminology floating joint should be reserved for skeletal disruptions above and 

below an articulation, with or without injury to the intermediate joint [19]. 

According to this definition, a humeral shaft fracture should be added to the  

ipsilateral fracture of the clavicle and scapular neck. This combination of three  

simultaneous fractures in one shoulder region is exceedingly rare, with, as far as we 

know, only 2 examples described by Edwards and 2 by Ramos [9,27]. 

Goss has provided the most recent definition of a floating shoulder: a double  

disruption of the superior suspensory shoulder complex (SSSC) [13]. This complex 

consists of three components: 

1. the clavicle-acromioclavicular joint (ACJ)-acromial strut; 

2. the clavicle-coracoclavicular (CC) ligamentous-coracoid (C-4) linkage;

3. the three process-scapular body junction (fig 2). 

According to this definition, e.g. an ipsilateral grade III AC joint dislocation with a 

scapular neck fracture is also defined as a floating shoulder. Goss suggests that a 

potentially unstable anatomical situation exists when the complex is disrupted in at 

Figure 2
The three struts of the superior shoulder 
suspensory complex: 
1,  the acromio-clavicular joint-acromial 

strut; 
2,  the clavicular-coracoclavicular  

ligamentous-coracoid linkage; 
3,  the three-process-scapular body 

junction. 
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least 2 places, with significant displacement at either, or both, sites and considerable 

risk of bone healing problems (delayed union, non-union, or malunion) of clavicle 

and/or scapular neck. 

Clinical Presentation

The clinical findings in a patient with ipsilateral clavicular and scapular neck fractures 

vary with the presence and severity of associated injuries. In cases of severe associated 

injuries, the clinical signs are easily overlooked [17]. This is particularly the case in 

patients who have also sustained major head injury and/or who are intubated.  

One can imagine that associated local and regional neurological lesions are less likely 

primarily to be diagnosed in such circumstances. In the absence of severe associated 

injuries, the attention of the physician will be focussed immediately on the  

symptomatic shoulder, which will be painful and may present an abnormal contour, 

a so -called drooping shoulder, mainly attributable to the displacement of the  

clavicular and scapular neck fractures (fig. 3). The patient holds the arm in an  

adducted position. A displaced clavicular fracture, or AC joint dislocation, may be 

readily visible on clinical inspection. Local clavicular and scapular tenderness may be 

found, with swelling and crepitus. The active and passive movements of the arm are 

painful in any direction. Neurovascular findings may be subtle and sometimes  

Figure 3
A patient with a typical drooping  
shoulder
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difficult to determine on initial physical examination. The definitive diagnosis of the 

scapular fracture, in particular, is finally based on the radiographs.    

Associated Injuries

Ipsilateral fractures of the clavicle and scapular neck have - as with most scapular 

fractures - a high incidence of associated traumatic lesions. These local and regional 

injuries are addressed in 3 of the 7 published clinical studies on the floating shoulder, 

with incidences of up to 44 % [20,23,27]. In the study of Labler, 11 of the 17  

described patients had an ISS >18, 10 of whom had associated local and regional 

lesions, and all had general lesions.

Permanent neurological deficits, due to injury of the brachial plexus constitute the 

most important prognostic factor with regard to the final clinical outcome, whether 

fracture treatment be conservative or otherwise. 

To determine the significance of scapular fractures in blunt-trauma, Stephens compared 

2 matched groups of patients with and without scapular fractures. Except for a  

significantly higher incidence of thoracic injuries in the group with scapular fractures, 

he found no difference in mortality or incidence of neurovascular injuries [31]. 

Figure 4
Classification of fractures of the  
scapular neck. 
Goss (and earlier Hardegger) described  
2 fracture patterns involving the  
scapular neck: 
A =  a fracture through the anatomical 

neck; 
B = a fracture through the surgical neck.
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Incidence and Mechanism of Injury

Scapular fractures are rare and account for no more than 1% of all fractures [14, 16, 

18]. There will be an underestimation of the incidence, because, particularly in  

polytrauma patients, a scapular fracture is easily overlooked [17]. The incidence will 

probably increase in the future in our mechanized society, particularly in polytrauma 

patients [21]. There are two reasons for this relative rarity: the free mobility of the 

scapula and the protection by the rib cage and the thick surrounding muscle layers. 

Glenoid neck fractures (anatomical and surgical - see fig.4) make up 18 % - 33% of 

all scapular fractures [1, 3, 16], with the anatomical neck involved in less than 2%. 

More than 50% of all scapular neck fractures are associated with ipsilateral osseous, 

or ligamentous, shoulder injury [25]. Eighteen to 54 % of the glenoid surgical neck 

fractures are associated with an ipsilateral clavicular fracture (floating shoulder)  

[1, 3, 25]. 

A combined clavicular and ipsilateral scapular neck fracture is generally caused by  

a high-energy injury, in 80%-100% of the cases the result of a traffic accident  

[9, 10, 18, 21, 23, 27]. Various mechanisms of injury, such as a direct blow, a fall 

onto the tip of the shoulder, or a fall on the outstretched hand, are mentioned [4, 14]. 

Classification and Pathophysiology

There are several classifications for fractures of the clavicle, although no single  

classification system is generally accepted. So far, there is no system that is easily 

reproducible, identifies accurately the patho-anatomy, gives reliable guidance for 

proper treatment and predicts outcome. 

Clavicular fractures are usually separated in 3 anatomical groups: 

the middle third (group I), 

the lateral third (group II) and 

the medial third fractures (group III) [2]. As for isolated clavicular fractures, middle 

third fractures (group I) are by far the most common in patients with a floating 

shoulder.

Scapular neck fractures are also classified by anatomical area. Two different types 

were described by Goss: type A, a rare fracture type, which runs from the inferior 

border to the superior border, lateral to the coracoid process (anatomical neck), and 

type B, the common fracture, which runs from the inferior border to the superior 
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border, medial to the coracoid process (surgical neck) (fig 4). 

Originally Goss described a third type (C), which runs from the inferior body to the 

medial scapula inferior to the scapula spine. However, according to Goss, this type 

should be classified and managed as a scapular body fracture [14, 15]. 

The classification of fractures of the scapular neck is most reliably made by plain film 

evaluation [22]. In cases of an anatomical neck fracture of the scapula (type A), the 

distal bone fragment consists of only the glenoid. This, in combination with the lack 

of any ligamentous connection between the proximal and distal fragments, creates 

an unstable anatomical situation (fig 1). 

Based on the biomechanical study of Williams, the equivalent of an anatomical neck 

fracture is a surgical neck fracture of the scapula with complete disruption of the 

coraco-clavicular and coraco-acromial ligaments [32]. 

Anatomical neck fractures are so rare as not to warrant discussion in a review of this 

type. In the case of surgical neck fractures (type B), the distal/medial bone fragment 

consists of the glenoid and the coracoid process, with proximally/laterally the acromion 

process, scapular spine and scapular body. The distal fragment is still connected to 

the proximal fragment by the coraco-acromial ligament and indirectly by the  

coraco-clavicular ligaments, if the acromio-clavicular ligaments remain intact (fig 1). 

The relevance of these intact ligaments is their possible stabilizing effect on the 

glenoid (distal) fragment, as was demonstrated by Williams [32]. 

In the literature, it is suggested that the combination of ipsilateral clavicular and a 

scapular neck fractures creates an unstable shoulder girdle by the loss of the  

suspensory and stabilizing function of the clavicle [1, 4, 16]. It would be expected 

that the weight of the arm and the combined contraction of the biceps, triceps and 

coracobrachialis muscles would result in a downward pull on the distal fragment, 

with a changed contour of the affected shoulder, the so-called drooping shoulder. 

Apart from this possible caudal displacement, it is also suggested that the glenoid 

fragment is displaced anteromedially by contraction of the rotator cuff muscles [11, 

16, 18].  This theory, however, is a misinterpretation of the actual pathophysiology. 

In the case of a scapular neck fracture, translational displacement, namely shortening 

of the generally multifragmentary fracture in the neck area, occurs, not by medial 

displacement of the distal fragment but rather by lateral displacement of the  

completely mobile scapular body. Besides the downward pull by the weight of  

the arm and contraction of the biceps, coracobrachialis and triceps muscles, the 

deforming forces of the upper arm muscles pull the mobile body laterally. It is not 

only the authors’ experience that, in order to reduce and fix a scapular neck fracture, 
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medialization of the scapular body, rather than lateralization of the glenoid is 

required [26]. Shortening of the scapular neck will result in considerable shortening 

of the lever arms of the rotator cuff musculature. This may result in loss of abduction 

strength, although this is not necessarily synonymous with limitation of range of 

motion, as demonstrated in a biomechanical analysis [6]. Anatomical reduction and 

Figure 5-1
A true AP view of the scapula. The beam 
is angled 45º or the patient rotates  
the body till the scapula is parallel to  
the x-ray cassette.

Figure 5-2
The axillary lateral view. The arm of  
the patient is abducted to at least 70º,  
with the beam directed upwards, from 
inferiorly, to the x-ray cassette.
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internal fixation of the clavicular fracture does not influence the shortening of the 

lever arms of the rotator cuff musculature, which may explain the lack of abduction 

strength. It is possible that shortening of the lever arms is balanced by small increases 

in force in other muscles with larger moment arms, such as the pectoralis major [6].  

Diagnostic methods

After initial assessment, according to ATLS (Advanced Trauma Life Support©) principles, 

specific radiographic evaluation of the injured shoulder is indicated as soon as the 

patient is in a stable condition.  This evaluation requires a minimum of two radiographs 

of the shoulder area that are perpendicular to each other [4]. The recommended 

radiographs are a true AP view, perpendicular to the plane of the scapula (fig 5-1), 

and an axillary lateral view (fig 5-2). Abduction of the affected shoulder, which is 

usually too painful, is necessary to obtain a good-quality axillary view. In this situation 

the scapulo-lateral view is an acceptable alternative (fig 5-3).

Classification of the scapular neck fracture is reliably made by plain films, in contrast 

with an exact interpretation of the amount of fracture displacement and angulation 

[7, 22]. Nevertheless a common method to determine angulation deformity and  

shortening, as described by Bestard, is on an AP radiograph (fig 6) [5]. 

Three dimensional CT reconstruction images may be of more benefit in assessment 

Figure 5-3
A true scapulolateral, or Y-lateral, view. 
The beam passes parallel to the spine of 
the scapula to the x-ray cassette.  
This view is valuable if the patient will  
not tolerate enough abduction to get a 
good quality axillary lateral view.
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of displacement and angulation, in contrast with the images of a conventional CT 

scan [22]. These evaluations may be important in the light of some authors’  

suggestions that clinical and functional outcomes correlate with initial fracture  

displacement and angulation of the glenoid fragment [23, 29]. 

The additional value of magnetic resonance imaging is proven for investigating lesions 

of the rotator cuff, but not for ligamentous ruptures (AC, CA and CC ligaments) [4, 14]. 

Treatment

The rarity of the floating shoulder is also illustrated by the complete lack of well- 

performed, prospective studies, with comparison of different treatment options.  

The literature on this subject is limited to data provided only by case reports and 

retrospective studies of small patient series. A great variety of treatment options 

has been mentioned in these reports: 

(1) conservative treatment with or without early mobilization, 

(2) operative treatment by open reduction and internal fixation of the clavicle alone 

and

(3) operative treatment by open reduction and internal fixation of both the clavicular 

and the scapular neck fractures. 

Good clinical results are reported for both conservative and operative treatment. 

Figure 6
Angular displacement is assessed by  
measuring the gleno-polar angle on a  
AP view of the scapula. According to  
Bestard et al, a GPA ranging from 30º  
to 45º is considered normal.



67

C
H

A
P

T
E

R
 5

  
  

  
 T

H
E

 S
C

A
P

U
LA

R
 N

E
C

K
 F

R
A

C
T

U
R

E
  

(1) Edwards reported excellent results in 17 and good results in 3 patients in whom 

all ipsilateral fractures of the scapula and clavicle had been treated nonoperatively by 

a shoulder immobiliser, until the associated injuries allowed mobilisation of the 

shoulder [9]. He used 3 different rating systems to classify these results. However, in 

his series, 14 of the 20 scapular neck fractures had been undisplaced, or minimally 

displaced (< 5 mm). 

Ramos et al reported good functional outcomes in 16 patients who had been treated 

conservatively using a Velpeau bandage, or, when tolerated, with a Watson Jones 

bandage [27]. Rehabilitation was started on average one month after injury.  

Only one patient ended up with a malunion of the scapula neck, although with an 

excellent functional result. 

The authors presume that the success of nonoperative treatment was due to  

intensive physical therapy, and did not conclude from these data that most clavicular 

and scapular fractures do not require formal reduction for healing, or that malunion of 

the scapular fracture is well tolerated by most patients. However, Ramos et al did not 

mention the degree of displacement of either the clavicular or the scapular fractures. 

In a retrospective study, van Noort et al. reported fair to good results in 28 patients 

treated conservatively (mean Constant score: 76) [8], with a well aligned glenoid. 

The authors concluded that these rare shoulder lesions are not, per se, unstable by 

definition and that conservative treatment leads to a good functional outcome in 

absence of relevant caudal displacement of the glenoid. Caudal displacement was 

defined as an inferior angulation of the glenoid of at least 20º [24]. This correlation 

was confirmed by just one clinical study concerning scapular neck fractures [29]. 

Finally, good results in conservatively treated patients have also been described in 

retrospective studies by Egol (n=12) and Labler (n=8) [10,20].

(2) The recommendations for operative treatment in the cited studies, are not  

evidence based [11, 16, 18, 21, 28]. 

Herscovici reported on 9 patients, 7 of whom had been treated operatively (with 

osteosynthesis only of the clavicle) and the remaining 2 had been treated non- 

operatively [18]. Their good results led them to recommend open reduction  

and internal fixation of the clavicle only, in order to prevent malunion of the  

scapular neck. 
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The authors presume that the glenoid neck fracture will generally reduce and be  

stabilized indirectly. Rikli retrospectively analysed 12 cases, 11 with osteosynthesis of 

the clavicle alone, whereas one had both the clavicular and the glenoid neck fractures 

fixed [28]. Gender and age-adjusted Constant scores averaged 96. Alongside the 

above-mentioned fair to good results after conservative treatment, van Noort et al. 

noted also fair to good results after operative treatment in selected cases. Of the 

operatively treated patients, 6 had undergone plate fixation of the clavicle and one 

patient had plate fixation of the clavicle with reconstruction of the AC joint (mean 

Constant score: 71) [23].

The recommended surgical treatment strategy as described by Herscovici and Rikli is 

still advocated in the latest edition of the AO principles of Fracture Management [12].

Figure 7
1   An example of displaced, ipsilateral scapular neck and clavicular fractures. 

There is involvement of the scapular body, with a fracture line running from 
the medial to the lateral border.

2   Y-lateral view of the affected shoulder.
3   Postoperative AP radiograph showing anatomical reduction and internal  

fixation of the clavicular fracture, yet persistent translational displacement of 
the glenoid fragment . 

1 2 3
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(3) Lam and Leung suggested that fixation of the clavicular fracture alone does not 

restore the normal relationship of the scapular neck and body, because of the pull of 

the different muscles attached [21]. In their opinion, persistent, relative medial  

displacement of the glenoid fragment is always seen both during and after the  

operation. Their findings are based on the treatment results in 15 cases in whom 

simultaneous fixation of the displaced scapular and clavicular fractures had been  

performed. All but one patient had a good, or excellent, functional result, according 

to the scoring system of Rowe [30]. All fractures healed at an average of 8 weeks 

postoperatively. 

Good results in 7 operatively treated patients, by fixation of both the glenoid and 

clavicular fractures, or disrupted AC joint, have also been described in a retrospective 

study by Egol et al. [10]. 

Finally, in a study of Labler et al, 6 patients were treated with internal fixation of 

only the clavicle and 3 with fixation of both clavicular and scapular fractures [20]. 

Egol and Labler could not universally recommend operative treatment for a double 

disruption of the SSSC.  The 3 recently published studies of Egol, Labler and van 

Noort reported attempts to compare results after both conservative and operative 

treatment [10, 20, 23]. Apart from the fact that all these studies are retrospective, 

no statistical conclusions can be drawn in favour of any treatment strategy because 

of small numbers of patients in heterogeneous groups, the possible influence of 

associated injuries, the wide variety of different outcome instruments used, the 

range of different operative methods and a clear selection bias. This makes their 

comparisons of conservative with operative results meaningless. 

Conclusions

Although clear recommendations can not be given from the reported, retrospective, 

clinical studies, it appears that most ipsilateral clavicular and scapular neck fractures, 

floating shoulders or double disruptions of the SSSC, do not lead to problems of 

bone healing (delayed union, nonunion or malunion). Malunion of clavicular and/or 

scapular neck fractures does not automatically relate to a poor functional outcome. 

Current experience indicates that a undisplaced, or minimally displaced, ipsilateral 

clavicular and scapular neck fractures can be treated conservatively, with a good 

functional outcome. 
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Stabilisation of the clavicular fracture (or the AC joint) may be considered in cases of 

marked displacement of the clavicle. By osteosynthesis of the clavicular fracture, the 

neck-glenoid block will reduce and thereby the shoulder contour is restored. 

However, despite anatomical reduction of the clavicular fracture and intact CA and 

CC ligaments, displacement of the scapular neck fracture will persist (fig 7) [21, 28].  

This is not caused, as suggested in literature, by medial displacement of the glenoid 

fragment, but explicitly by lateral displacement of the mobile scapular body [26]. 

The presumption that significant shortening of the scapular neck will result in rotator 

cuff dysfunction by shortening of its lever arm makes sense, but is not hitherto  

confirmed in clinical studies. It is possible that shortening of the rotator cuff lever 

arm is compensated for by small increases in force in other muscles with larger 

moment arms [6]. Based on both clinical and biomechanical studies it remains unclear 

on which criteria a floating shoulder should be treated operatively. 

One should be wary of surgical over-treatment while hard data to support an  

aggressive approach are unavailable.
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chapter 6

The Floating Shoulder-  
the patho-anatomy elucidated.

A. van Noort, Chr. van der Werken

J. Orthopaedic Trauma: submitted.
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Objectives: To discuss the current opinion about the patho-anatomy of a  

floating shoulder.

Design: Prospective.

Setting: University Medical Center Utrecht and Canisius Wilhelmina Hospital, 

Regional Hospital.

Abstract: It is suggested in literature that in a patient with a floating shoulder 

O.R.I.F. of the clavicular fracture will automatically reduce the displaced scapular 

neck fracture and therewith may prevent malunion of the neck. In this article is 

explained and illustrated why this generally accepted hypothesis is wrong.

Introduction

The terminology floating shoulder was originally introduced to emphasize the  

perceived instability of an ipsilateral scapular neck and clavicular fracture.  

Ganz and Noesberger found that in patients with a floating shoulder either the  

clavicular - or both clavicular and scapular neck fracture were generally significantly 

Figure 1.1, 1.2, 1.3, 1.4, 1.5

21 3
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displaced[2]. Goss has provided the most recent definition of a floating shoulder:  

a disruption of the superior suspensory shoulder complex in at least two places [3].

Based on the scarce literature a rational decision regarding the best treatment of a 

patient with a floating shoulder is difficult. It is suggested that non-operative  

treatment of displaced  ipsilateral fractures of the clavicle and scapular neck will lead 

to “drooping”, abduction weakness and restricted motion of the affected shoulder 

with increased risk of delayed -, non - or malunion [1, 4] These complications may 

be prevented with surgical treatment. Another perceived advantage of surgical  

treatment is early mobilisation of the affected shoulder. The recommended operative 

techniques vary in general between O.R.I.F. of the clavicular fracture alone [5, 6, 8, 

12] or of both the clavicular and scapular neck fractures [7, 11].  

Most authors advocate only fixation of the clavicular fracture, because it’s a relatively 

simple operation as compared with O.R.I.F. of the scapular neck. In their opinion the  

antero-medially displaced glenoid fragment will reduce automatically if the clavicular 

fracture is anatomically reduced so that a malunion of the scapular neck is prevented 

[6]. In practice however it is apparent that despite anatomical restoration of  

the clavicle, dislocation of the scapular neck persists [7, 9, 11]. On the basis of the  

following case-reports we will explain why this generally accepted concept is not 

correct. 

4 5
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Case 1

A 65-year old male sustained displaced 

ipsilateral fractures of the left clavicular 

shaft and scapular neck in a traffic  

accident. MRI scan revealed that the 

coraco-clavicular and acromio-clavicular 

ligaments were intact. The displacement 

of both fractures made us decide, in 

consultation with the patient and  

considering his age, for O.R.I.F. of the 

clavicular fracture alone. 

Postoperative X-rays revealed that - 

though acromioclavicular, coracoclavicular 

ligaments were intact - anatomical 

reduction of the clavicular fracture did 

not automatically result in reduction of 

the dislocation of the scapular neck  

fracture. Three months after surgery  

he was pain free with an unlimited  

shoulder motion. (fig. 1.1-1.5)

Case 2:

A 32-year old male was involved in an 

unilateral motorcycle accident and 

sustained an injury to the right shoulder. 

Radiographs of the affected shoulder  

showed an ipsilateral fracture of the 

clavicular shaft and scapula. Except for 

a surgical neck fracture with significant 

translational displacement and a  

transverse fracture through the scapular 

body, a CT scan showed also a displaced 

scapular spine fracture. The combination 

Figure 2.1, 2.2, 2.3

2

1

3
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of the displaced scapular spine and neck 

fracture with the ipsilateral clavicular 

fracture determined our indication for 

O.R.I.F. of the clavicular and scapular 

spine fracture. An intraoperative X-ray 

showed an acceptable reduction of 

the glenoid fragment, according to 

the surgeons, who decided not to  

perform additional stabilisation of the 

scapular neck fracture. 

Despite anatomical reduction of both 

fractures, the postoperative X-ray 

demonstrated clearly the persistent 

shortening of the surgical neck and 

lateralization of the inferior part of the 

scapula body. Nevertheless six weeks 

postoperatively, the patient had no pain 

and a full range of shoulder motion  

(fig 2.1-2.3).

Case 3:

A 30-year old male was involved in a 

traffic accident and sustained an injury 

to the left shoulder by a fall on an  

outstretched arm. Radiographs of the 

affected shoulder showed an ipsilateral 

scapular neck fracture and clavicular shaft 

fracture with significant translational 

displacement of the scapular neck fracture. 

Both the significant displacement of the 

scapular neck as the combination of the 

two fractures, formed our indication 

for surgical treatment. 

Figure 3.1, 3.2, 3.3

2

1

3
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Surgery was started with O.R.I.F. of the clavicular fracture. The intraoperative X-ray 

showed a persistent displacement in the scapula fracture zone, still with shortening 

of the neck, which made us decide to perform in the same session O.R.I.F. of the 

scapular neck fracture by a posterior approach. We were unable to reduce the  

scapular neck fracture perfectly. Despite the fact that the fracture was not completely 

reduced, the patient had six months postoperatively a full range of shoulder motion 

(fig 3.1-3.3). 

Discussion

Herscovici et al. explained the significant displacement of the scapular neck fracture 

in case of a floating shoulder by the loss of the suspensory and stabilising function 

of the clavicle. According to their theory the weight of the arm and muscles acting on 

the arm will pull the glenoid fragment distally and antero-medially with considerable 

risk of disturbed fracture healing of clavicle and/or scapular neck [1,2,4]. 

In our opinion, as demonstrated by these case-reports, this theory is inaccurate.  

In case of an ipsilateral clavicular and scapular neck fracture, translational displacement 

c.q. shortening in the fracture zone in the neck occurs not by medial displacement 

of the distal fragment but explicitely by lateral displacement of the “completely” 

mobile scapula body. The changed contour (“drooping”) of the affected shoulder is 

explained by the weight of the arm and contraction of the biceps, coraco-brachialis 

and triceps muscles. The deforming forces of the subscapularis, infraspinatus and 

teres minor muscles pull the completely mobile body laterally, instead of the glenoid 

fragment medially.  It’s not only our experience that for reduction of a scapular neck 

fracture medialization of the scapula body rather than lateralization of the glenoid  

is required [10]. 

Conclusion and clinical relevance

In patients with a floating shoulder, O.R.I.F. of the clavicular fracture alone is  

sometimes considered in case of major displacement and shortening. By doing so the 

collum-glenoid block will indeed shift in a lateral direction so that the shoulder  

contour gets more or less restored. The suggestion that restoration of the anatomical 
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shape of the clavicle will automatically reduce the displacement of the scapular neck 

fracture is irrational, independent of the AC- and CC ligament status. The persisting 

translational displacement with shortening of the scapular neck is not, as suggested 

in literature, the result of medial displacement of the glenoid fragment but explicitly 

by lateral displacement of the very mobile scapular body. Only one solution remains 

if one aims at reduction of the neck fracture: O.R.I.F. of the scapular neck.
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chapter 7

The Relationship of the Axillary 
Nerve and Glenoid in Different Joint 

Positions using a Posterior Approach to 
the Scapula: an Anatomic Study

A. van Noort, A. van Kampen, Chr. van der Werken, B. Hillen.

J. Orthopaedic Trauma: accepted pending modification.
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Abstract

Objectives: To determine the best position of the arm for achieving an adequate 

exposure to the glenoid neck and the safest distance of both axillary and supra-

scapular nerve to the postero-inferior corner of the glenoid.

Design: Anatomic study.

Setting:  University medical centre, anatomy laboratory.

Interventions: Thirteen fresh-frozen shoulders of eight human cadavers were  

dissected through a posterior approach described by Brodsky. The thickness of the 

different soft tissue layers and the distance of neurovascular structures in relation 

to the posterior glenoid were measured with various positions of the arm.

Results: We measured in all cases a significant increase in axillary nerve-glenoid  

distance by abducting the arm. The greatest increase in distance (from 2.2 to  

2.8 cm in average) was found at 90º abduction and maximal external rotation. 

The average distance from the suprascapular nerve to the postero-inferior corner 

of the glenoid at the point where it just passed around the spinoglenoid angle is 

2.9 cm (range 2.4 - 4.4 cm). There was no influence of abduction or rotation of 

the arm to the distance of the suprascapular nerve to the glenoid. 

Conclusion: Based on the findings in our study of 13 shoulders abduction of the 

arm facilitates the exposure to the posterior glenoid and scapular neck. Abduction up 

to 90º particularly in combination with external rotation of the arm increases the 

“safe zone” between the branch of the axillary nerve innervating the teres minor  

muscle and the glenoid.

Introduction

There is an increasing interest for surgical treatment of various pathological conditions 

of the shoulder using a posterior approach. Particularly in scapula fracture surgery 

extensive posterior approaches are abandoned for more limited invasive approaches 

or even arthroscopic procedures, for reasons of risk of structural damage to muscle 

tissue, a prolonged rehabilitation and weakness of arm extension and external rotation 
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  [3,8,10]. Unfortunately these limited invasive approaches to the shoulder joint have 

an inherent risk of damage of neurovascular structures. Therefore precise anatomical 

knowledge of the course of the axillary and suprascapular nerve is needed in order 

to perform these procedures safely. The anatomy of both nerves is described with 

the arm in a standard adducted position, however little is known about the variability 

in distance of these neurovascular structures to the glenoid with the arm in other 

positions. 

The aim of this study was to determine the best position of the arm for achieving an 

adequate exposure to the posterior glenoid neck and the safest distance of both 

axillary and suprascapular nerve to the postero-inferior corner of the glenoid when 

using the posterior surgical approach described by Brodsky [3].

  

Figure 1
The posterior surgical approach described by Brodsky.
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Material and Methods

Thirteen shoulders from eight fresh frozen human cadavers of adult individuals were 

used to study the anatomical relationship between relevant neurovascular structures 

at risk for iatrogenic damage and the glenoid. None of the specimens had evidence 

of previous shoulder surgery. The body was in a prone position, the arm adducted 

and neutrally rotated. According to the description by Brodsky (fig 1), exposure was 

obtained by a vertical skin incision, starting at the posterior border of the acromion 

and extended 10 cm in caudal direction [3]. 

The thickness of skin and subcutaneous fat layer were measured and reflected after 

which the inferior border of deltoid muscle was identified and measured. This layer 

was mobilized with the fascia of the deltoid and infraspinatus muscle was kept in 

tact. No release of the deltoid muscle of the scapular spine was performed.  

The distance from the postero-lateral corner of the acromion to the inferior border 

of the deltoid muscle was measured with the neutrally rotated arm in 0°, 45° and 

90° abduction respectively. The superior-lateral brachial cutaneous nerve was  

identified next as it pierced the deep fascia around the medial border of the deltoid. 

The cutaneous branch was followed into the quadrilateral space where it derives 

from the posterior branch of the axillary nerve. The posterior branch of the axillary 

nerve was followed from the quadrilateral space to the entering point in the teres 

minor muscle. The postero-inferior corner of the glenoid was identified through the 

interval of the teres minor and infrapinatus muscle. The distance from this point 

along a perpendicular line to the posterior branch of the axillary nerve, which  

innervates the teres minor muscle, was measured. These measurements were  

repeated with different positions of the arm as noted in table 1. 

The interval between the infraspinatus, which is innervated by the suprascapular 

nerve from above, and the teres minor was further developed. The thickness of both 

muscles was measured. The circumflex scapular artery, which connects the subscapular 

artery with the suprascapular artery, was identified medially from the flat tendon of 

the long head of the triceps as it winds around the lateral margin of the scapula.  

The distance from this point to the postero-inferior corner of the glenoid was 

measured. Finally the suprascapular neurovascular bundle was explored.  

The skin incision was extended along the scapular spine, followed by dissection of 

the posterior part of the deltoid muscle. The neurovascular bundle that is adherent 
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  to the bone and covered by a fascia was identified cranial of the infraspinatus  

muscle at the point where it just passed around the spinoglenoid angle.  

The distance from this point to the postero-inferior corner of the glenoid was 

measured.

Statistical Analysis

Data from this study were analyzed with use of the SPSS software package (SPSS, 

Chicago, Illinois). Spearman’s rho test was used to determine the correlation between 

the variables in all specimens. The Friedman Test was used to test for differences 

between the various measurements. A p value of < 0.05 was considered significant.

Table 1

 Sex       distance axillary nerve-glenoid (cm)

   max. internal rotation  neutral   max. external rotation 

  0º 45º 90º 0º 45º 90º 0º 45º 90º

 M 2,1 2,2 2,3 2,1 2,1 2,4 2 2,4 2,6

 M 2,1 2,3 2,4 2 2,2 2,4 2 2,5 2,7

 M 2,2 2,3 2,5 2,3 2,4 2,7 2,3 2,6 2,8

 M 2,4 2,5 2,6 2,5 2,6 2,8 2,6 2,7 2,9

 M 1,3 1,7 2 1,5 1,8 2,1 1,6 2,3 2,6

 M 1,9 2,1 2,2 2 2,2 2,2 2,3 2,3 2,5

 M 1,5 1,6 1,8 1,5 1,5 2 1,7 2 2,5

 M 3 3,2 3,2 2,8 2,9 2,9 2,8 3,2 3,3

 F 2 2 2,4 1,8 1,8 2,1 2,1 2,4 2,6

 F 2,1 2,2 2,3 2 2,1 2,2 2 2,4 2,6

 F 3,4 4 4,3 3,4 3,9 4 3,4 3,9 4,1

 M 2 2,1 2,2 2,1 2,5 2,5 2,2 2,5 2,9

 M 2,1 2,3 2,5 2,2 2,3 2,6 2,2 2,5 2,8

 Average 2,2 2,3 2,5 2,2 2,3 2,5 2,2 2,6 2,8
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Results

Deltoid Muscle
To provide adequate exposure through the interval of the infraspinatus and teres 

minor muscle one has to deal with the deltoid muscle. By abducting the arm the 

inferior border of the deltoid muscle raises and gets easily retracted. The distance of 

the postero-lateral corner of the acromion to the inferior border of the deltoid  

muscle with the arm 0 to 45 degrees and 45 to 90 degrees abducted, decreases in 

average 0.3 cm (range 0.1 - 0.6 cm) and 0.5 cm (range 0.2 - 1.0 cm) respectively.  

No release of the deltoid muscle in any of the shoulder specimens was necessary  

in order to get an adequate exposure to the posterior glenoid.

Nerve to the Teres Minor Muscle
As described by Ball et al. the nerve branch to the teres minor muscle and the  

superior-lateral brachial cuteneous nerve (cutaneous branch) indeed arose from  

the posterior branch of the axillary nerve in all specimens [1]. 

In all cases we observed an increasing distance between the axillary nerve branch 

innervating the teres minor muscle and postero-inferior corner of the glenoid by 

abducting the arm. These findings were statistically significant and irrespective of  

the rotation of the arm (p < 0.001).

Comparison of the 90º abducted positions for the influence of rotation revealed  

a significant larger distance for external rotation. The greatest increase in distance 

was found at 90º abduction and maximal external rotation (0,6 cm = almost 30%  

increase). The distance increased from 2.2 cm in average (0º abduction; max.  

external rotation) to 2.8 cm in average.

No correlation was found between the axillary nerve-glenoid distance and the  

thickness of subcutaneous fat or muscle layers. 

Suprascapular Nerve and Cirumflex Scapular Artery
The average distance from the postero-inferior corner of the glenoid to the point 

where the suprascapular nerve just passed around the spinoglenoid angle is 2.9 cm 

(range 2.4 - 4.4 cm). 

There was no influence of abduction or rotation of the arm to the distance of the 

suprascapular neurovascular bundle and the postero-inferior corner of the glenoid. 

The circumflex scapular artery winds around the lateral border of the scapula at an 

average of 3.3 cm (range 2.5 - 4.5 cm) from the postero-inferior corner of the 
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  glenoid. The artery can be identified just medial of the origin of the flat triceps  

tendon. This tendon extends from the postero-inferior corner of the glenoid to an 

average of 3 cm (range 2.5 - 4.1 cm) medially.

 

Discussion

According to Matsen the preferred surgical approach for open reduction and internal 

fixation of (displaced) glenoid fossa, posterior rim and scapular neck fractures is from 

posterior [8]. 

When using the posterior approach described by Neer or Matsen (fig 2) there is an 

inherent risk of damage to the axillary nerve by splitting the deltoid muscle too far 

caudally. Other authors suggest detachment of the deltoid muscle from the scapular 

spine [5].  Subsequently reattachment of the deltoid is necessary however with risk 

Figure 2
The surgical posterior approach to the shoulder joint described by Neer and Matsen.
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of delay in rehabilitation and weakness in extension of the arm as a result. Brodsky 

and Jerosch claim excellent exposure of the dorsal aspects of the glenohumeral joint 

and scapular neck by a posterior approach without muscular releases therewith 

maintaining the deltoid, infraspinatus and teres minor muscle in tact [3, 6].  

All mentioned authors have reported good to excellent visualisation by using their 

described approaches. They have encountered no complications in treatment of 

(small) series of patients after reviewing their own patients [3, 7, 10].

Many authors confirm the deltoid muscle as the main barrier to surgical exposure of 

the posterior aspect of the shoulder joint. In contrast with other authors Brodsky’s 

opinion is that abducting the arm the inferior border of the deltoid muscle is  

Figure 3
The neurological structures which are at risk in the posterior approaches to  
the shoulder joint.
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raised, facilitating easy retraction of the muscle. No or minimal release (< 2cm) of 

the deltoid muscle is necessary to allow adequate exposure. Our study findings  

confirm that abducting the arm raises the inferior border of the deltoid muscle,  

although the decrease in distance between the postero-lateral corner of the acromion 

and inferior border of the deltoid muscle is limited to merely 0.5 cm in average.  

By abducting the arm 90º no release of the deltoid muscle was necessary in order to 

get an adequate exposure. We realize however that our findings were obtained on 

cadavers, in general elderly people with atrophic muscles. We therefore suggest in 

muscular persons to occasionally extend the incision along the scapular spine in 

order to release the deltoid muscle in a controlled manner. 

The axillary and suprascapular nerve are in particularly at risk in posterior approaches 

to the shoulder joint (fig 3). Burkhead demonstrated in a cadaver study a decrease in 

distance between the posterior acromion and axillary nerve by up to 30% by 

abducting the arm to 90º [4]. His findings are in contrast with those of Uno, who 

demonstrated in a fresh cadaver study that the axillary nerve was held to the shoulder 

capsule with loose areolar tissue in the zone between five and seven o’clock and 

was close to the glenoid in the neutral position, extension and internal rotation. 

With arm abduction, external rotation and perpendicular traction the capsule became 

taut and the axillary nerve moved away from the glenoid [9]. Our study results are 

similar with the findings of Uno. The distance between the postero-inferior angle of 

the glenoid and the branch of the axillary nerve to the teres minor muscle increases 

(0.6 cm in average) by maximal external rotation and 90º abduction. The risk of  

injury to the axillary nerve is low if one dissects in the plane superior of the teres 

minor and inferior of the infraspinatus muscle, which is innervated by the suprascapular 

nerve from above. Bigliani et al. described a “safe zone” of the posterior glenoid 

neck with regard to suprascapular nerve [2]. The safe zone measures 1 cm at the 

level of the lateral base of the scapular spine and 2 cm from the glenoid rim at the 

level of the supraglenoid tubercle. In the current study the distance to the suprascapular 

nerve was not measured from the glenoid rim but from the postero-inferior angle of 

the glenoid (average distance 2.9 cm). Therefore we cannot relate our results to the 

“safe zone” described by Bigliani. 

Based on the findings in our fresh cadaver study the posterior approach described by 

Brodsky is a safe, minimally traumatic approach with a good exposure to the scapular 

neck and posterior glenoid fossa. Abduction up to 90º in combination with external 

rotation of the arm increases the “safe zone” between the branch of the axillary 

nerve innervating the teres minor muscle and the glenoid.
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chapter 8

Limited posterior approach for internal 
fixation of a glenoid fracture. 

A Case report

A. van Noort, C.J.M. van Loon, W. Rijnberg 

Arch Orthop Trauma Surg 2004; 124:140-144.
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Abstract

We present the case of a patient who was treated by open reduction and 

internal fixation for a displaced glenoid fracture using a limited posterior 

approach.

Introduction

Because glenoid fractures seldom require operative treatment little attention in the 

literature is paid to the preferred method of surgical approach. We present the case 

of a patient who was treated by open reduction and internal fixation for a displaced 

glenoid fracture using a limited posterior approach.

Figure 1
Anteroposterior and transscapular radiograph showing a comminuted fracture 
of the lateral margin of the scapula. 
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Case report

A 29-year-old man was involved in a unilateral motor cycle accident and sustained  

an isolated left-sided scapula fracture. Radiographs demonstrated a fracture of the 

glenoid fossa (Fig.1). Three-dimensional CT showed a 3 x 1.5 x 3 cm postero-inferior 

fragment and an impression of the articular surface of 6 mm. The humeral head tended 

to displace along with the posterior fragment (Fig. 2). These findings formed the 

indication for surgical treatment. Surgery was performed under general anaesthesia 

with the patient in a lateral decubitus position. The arm was draped free for 

manipulation. An angular incision was made, starting medially along 2/3 of the  

scapular spine, then curving 2 cm medial from the posterior edge of the acromion 

and proceeding caudad for 10 centimeters (Fig. 3a). As described by Brodsky, the 

plane between the deltoid and infraspinatus muscle was developed by blunt  

dissection, without opening the fascia. By abducting the arm 90 degrees, the inferior 

border of the deltoid was raised, which allowed easy retraction. In this patient, a 

very muscular individual, minimal release of the medial attachment of the deltoid 

from the spina was necessary to allow exposure to the glenohumeral joint. In order 

to avoid injury to the axillary and suprascapular nerves, the plane between the 

infraspinatus and the teres minor was developed and split in line with the muscle 

Figure 2
 CT scan showing a type 2 glenoid fracture. There is 6 mm impression of  
the articular surface and extension of the fracture into the scapular body.
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Figure 3
Posterior approach to the scapula.

a

b
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fibers (Fig. 3b). A small vertical arthrotomy was made to control the reduction, after 

which the posterior fragment was fixed with two lag screws.

Postoperative treatment consisted of immobilization of the arm in a sling for 1 week 

followed by active range-of-motion exercises. Three months after surgery the patient 

was fully recovered and had returned to his job. One year postoperatively the patient 

has no pain, functional limitation, or muscle weakness. The Constant score was 100. 

There were no signs of axillary nerve palsy. The radiographs and CT scan showed 

anatomical reduction of the glenoid fossa (Figs. 4 and 5).

Discussion

Open reduction and internal fixation are recommended as the treatment of choice 

for displaced intra-articular fractures in most anatomical areas [8]. However glenoid 

fractures have poorly defined indications for operative treatment. They are uncommon 

injuries, and there is little information available on this subject. The goal of surgery is 

to prevent morbidity secondary to glenohumeral instability or degenerative joint 

disease by accurate reduction of the articular surface.

Figure 4
 Anteroposterior radiograph and CT scan made postoperatively after reduction  
of the articular surface and fixation with screws.
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The extensile exposure of the scapula described by Judet was advocated for unstable 

neck and glenoid fractures and has been the preferred method for decades [4].  

An inverted L incision along the spine and medial border of the scapula is followed 

by release of the scapular part of the deltoid muscle and complete release of the 

infraspinatus muscle from the scapular spine and medial border. The disadvantages 

of this approach are an inherent risk for structural damage to muscle tissue, a risk  

of failure of deltoid reattachment, a delay in rehabilitation and weakness of arm 

extension [1]. Nowadays the advocated posterior approaches are less invasive, since 

no infraspinatus detachment is necessary when using the interval between the teres 

minor and infraspinatus muscle [3, 5, 6, 7, 9]. The axillary nerve (m. teres minor) and 

suprascapular nerve (m. infraspinatus) can be avoided by using this interval plane. 

Care should be taken to avoid injury to the circumflex scapular artery which lies 

directly medial to the insertion of the long head of m. triceps brachii. Nevertheless, 

the deltoid muscle may obstruct an adequate exposure to this interval with a limited 

Figure 5
Anteroposterior and axillary radiograph taken 1 year postoperatively. 
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posterior approach. By using 90 degrees abduction, the inferior border of the deltoid 

muscle is raised and allows easy access to the glenohumeral joint and the lateral 

border of the scapula through the interval of the m. infraspinatus and m. teres 

minor. In the opinion of Brodsky et al., no or minimal (≤2 cm) release of the deltoid 

muscle is necessary when the affected arm is in a 90 degrees abducted position [1].  

With our patient, a very muscular person, we decided preoperatively to curve the 

incision along the scapular spine to expose the origin of the deltoid muscle, in  

contrast to Brodsky’s incision.  By abducting the affected arm 90 degrees, minimal 

release of the deltoid muscle from the scapular spine was done in a controlled manner 

to provide adequate exposure to the glenoid. The disadvantage of this approach 

according to the study of Burkhead et al. involves the proximity of the axillary nerve to 

the surgical field when the arm is abducted 90 degrees [2]. The distance between 

the posterior acromion and the axillary nerve would be decreased by up to 30% 

with the arm in this position. However in the clinical studies of Brodsky et al. [1] and 

Leung et al. [6] no lesions of the axillary nerve were reported.  

In our opinion, the posterior approach as modified by Brodsky et al. is the least  

traumatic, safe posterior approach with no or limited muscle detachments, a good 

exposure to the glenohumeral joint, and the possibility for early rehabilitation.
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chapter 9

Discussion
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Discusion

In general scapular fractures are considered to be benign lesions which are non - or 

minimally displaced in 90% of the cases and do well with conservative treatment. 

However some specific types of scapular fractures are severe injuries with a rather 

poor prognosis due to significant shoulder dysfunction after healing. Especially for 

both (locally) isolated scapular neck fractures as for those fractures in combination 

with a clavicular fracture (a combination known as floating shoulder), poor functional 

outcomes are occasionally reported, independent of the choice of treatment. It is 

suggested that patients with a malunion of the scapular neck run a considerable risk 

of loss of range of motion with reduced abduction strength of the shoulder joint 

and subacromial pain. However the relation between a malunited scapular neck and 

functional outcome remains unclear. A possible explanation could be the lack of  

biomechanical studies on this subject and failing insight in the patho-anatomy.

In this thesis biomechanical, clinical and surgical aspects with respect to fracture of 

the scapular neck are adressed.

The aims of the thesis are presented in chapter one, where four questions concerning 

the treatment of patients with a scapular neck fracture were formulated. In this  

discussion an attempt is made to answer these questions. 

1.  Is there a correlation between radiological and functional outcome after 

healing of a scapular neck fracture?

A retrospective study in 35 patients with ipsilateral fractures of the clavicular shaft 

and scapular neck (floating shoulder injury) revealed that in case of healing with a 

normal inclination angle of the glenoid fragment functional results were good to 

excellent.  In the same study a correlation was found between angular malunion  

of the glenoid (> 20º) and a poor functional outcome both in conservatively and 

operatively treated patients. No correlation was observed between translational  

displacement (> 1cm), or shortening, of the scapular neck and ultimate functional 

outcome. 

In a retrospective evaluation of 13 patients with a scapular neck fracture-without 

other concomitant shoulder girdle injury-we found despite significant translational 

displacement excellent functional results. Significant angular malunion was not 

observed in this patient series. 



109

C
H

A
P

T
E

R
 9

  
  

  
 T

H
E

 S
C

A
P

U
LA

R
 N

E
C

K
 F

R
A

C
T

U
R

E
  

Based on these two retrospective studies in small series of patients, it is suggested 

that there is no correlation between translational displacement of the scapular neck 

and functional outcome. On the contrary, a correlation is suggested between angular 

malunion and functional outcome in patients who were treated for a floating shoulder.                

2.  Will operative treatment of patients with a floating shoulder lead to better 

functional results than conservative treatment?

For a rational treatment, one should identify and understand the patho-anatomy of 

a floating shoulder. Up till now it seems the surgeons’ personal preference which 

determines the choice of treatment, because the available literature is far from  

conclusive. 

Current experience indicates that an ipsilateral clavicular and a non-or minimally  

displaced scapular neck fractures can be treated conservatively, with a good  

functional outcome. 

However in patients with displaced ipsilateral fractures of the clavicular shaft and 

scapular neck, it remains unclear whether operative treatment leads to better  

functional results than conservative treatment, while other factors than radiological 

outcome play a possible role.

3.  What is the influence of a scapular neck malunion upon the rotator cuff 

musculature function?

The presumption that significant shortening of the scapular neck will result in rotator 

cuff dysfunction by shortening of its lever arms makes sense, but is not hitherto  

confirmed in clinical studies.

Our biomechanical study revealed that the length of the rotator cuff muscles is  

significantly reduced by angular displacement of the glenoid. As a consequence the 

generated forces of the rotator cuff muscles decrease substantially. It appears  

however that the loss of shoulder function can easily be compensated by small  

increases in force in other surrounding muscles with larger moment arms. 

Two other functions are attributed to the rotator cuff muscles namely as stabilizer of 

the gleno-humeral joint by compressing the humeral head into the glenoid fossa and 

as provider of muscular balance. How far these functions are maintained and/or are 

compensated in case of angular malunion of the glenoid, remains unclear.  
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4.  Is the posterior surgical approach described by Brodsky a safe procedure 

with respect to loco-regional neurovascular structures and does it allow 

adequate exposure of the scapular neck?

In the posterior surgical approach, as described by Brodsky, the suprascapular -,  

axillary nerve and the cicumflex artery are particularly at risk for iatrogenic injury. 

Access by using the interspace between the infraspinatus - and teres minor muscles 

makes the risk of neurovascular damage low. This risk is further limited by placing 

the ipsilateral arm in an abducted and externally rotated position. Based on cadaver 

experiments, it is concluded that the Brodsky approach is a safe procedure with  

respect to loco-regional neurovascular structures. 

For an adequate access to the posterior aspect of the shoulder joint, the deltoid 

muscle is perceived to be the main barrier. According to Brodsky, no or minimal 

release of the deltoid muscle is necessary when the arm is abducted. With the arm 

in a 90º abducted position, the inferior border of the deltoid muscle is raised  

and easily retracted, with an adequate exposure as result. Our findings must be 

interpreted cautiously because they were obtained in cadavers, in general elderly 

people with atrophic muscles. 
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chapter 10

Summery/Samenvatting
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Summery

After a short introduction to the topics of this thesis, in chapter 2 we described the 

results of a long term, functional and radiological retrospective evaluation, in patients 

who were treated in 40 Dutch clinics for an ipsilateral scapular neck and clavicular 

shaft fracture (floating shoulder). Seventy-nine general and orthopaedic surgeons 

treated 46 patients with a floating shoulder in the Netherlands between 1991 and 

1996. Thirty-five patients remained available for analysis at a mean follow-up of 35 

months. Thirty-one patients had been initially treated non-operatively and the other 

four operatively. Three patients underwent secondary surgery. Both operatively as 

non-operatively treated patients had a fair to good functional outcome (Constant 

score 71 versus 76). A clear correlation was found between radiological result  

(angular malunion of the neck) and functional result. All patients with an angular 

malunion > 20º had a poor functional outcome (Constant score 42) while an angular 

malunion < 20º correlated with a good function (Constant score 85).

Based on the existing data, no rational advice concerning treatment of a floating 

shoulder can be given. Nevertheless our study results suggest that conservative  

treatment is preferred in patients with an ipsilateral clavicular and scapular neck  

fracture, if the last one is non - or minimally displaced. 

Fair to poor functional results are reported in literature on patients with a displaced 

scapular neck fracture. In chapter 3 occurrence of malunion was analysed in  

conservatively treated patients with a scapular neck fracture - without concomitant 

other shoulder girdle injury - in relation with the clinical outcome. In the period 

1991 and 2001, 24 patients with a locally isolated scapular neck fracture were  

treated in two Dutch clinics. Thirteen patients were available for follow-up on average 

5.5 years after the injury. In four patients a translational displacement > 1 cm was 

found, but no significant angular displacement. The mean Constant score of all 13 

patients was 90. This study suggests that there is no correlation between occurrence 

of translational displacement of the scapular neck and a poor functional result. 

Significant angular malunion was not observed in this small series. 

As was mentioned in chapter 2, there exists probably a correlation between angular 

malunion of the scapular neck and a poor functional result. In chapter 4 the results of 

a biomechanical study were described, in which the aim was to identify a mechanical 

cause for loss of shoulder function in case of a malunited scapular neck.  

A 3D musculo-skeletal model was used to compare shoulder biomechanics in the 
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case of a scapular neck malunion versus normal anatomy. Abduction of the humerus 

and loading of a 90º abducted humerus were simulated with presence and absence of 

caudal displacement of the glenoid. The patterns of muscle activation were studied, 

with special attention to the rotator cuff muscles. A major difference in muscle  

activation was found between the control and the malunion cases. Particularly high 

contributions were seen from the teres major, pectoralis major and biceps brachii 

caput muscles (caput longum) with high humeral elevation angles. The rotator cuff 

muscles were significantly shortened in the fracture cases and their generated forces 

were strongly reduced when the humerus was loaded at 90º abduction. From the 

current study it appears that loss of the rotator cuff function as prime mover of the 

humerus can easily be compensated by small increases in force in other surrounding 

muscles with larger moment arms. The other two functions of the rotator cuff, as 

provider of muscular balance and compressor of the humeral head into the glenoid 

fossa, may be more difficult for patients with a scapular neck malunion to compensate, 

with some loss of arm function as a result.

In chapter 5, the current status of the anatomical, biomechanical and clinical aspects 

of a floating shoulder is reviewed. This rare injury, which is in general caused by a high 

energy trauma, is associated with a considerable percentage of remote and loco-

regional injuries. It is perceived to be an unstable shoulder lesion with risk of  

significant displacement of the clavicular - and/or scapular neck fracture. In order to 

offer a rational treatment, it is important to identify and understand the patho- 

anatomy of a floating shoulder. Up till now recommendations for treatment particularly 

of displaced ipsilateral fractures of scapular neck and the clavicular shaft can not be 

derived from the reported clinical studies, in small patient series with a retrospective 

design. The possible relation between functional outcome and malunion of the  

scapular neck is to be called in to doubt.

It is suggested in literature that in patients with a floating shoulder, O.R.I.F. of the 

clavicular shaft fracture will automatically reduce the displaced scapular neck fracture 

and therewith may prevent malunion. In chapter 6 is explained-by presentation of 

three case reports- that this generally accepted theory is not correct. To our opinion, 

shortening of the scapular neck fracture is the result of lateral displacement of the 

mobile scapular body in stead of medial displacement of the glenoid fragment.  

If one aims at anatomical reduction, O.R.I.F. of the scapular neck fracture should be 

performed.
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In chapter 7 an anatomical study is presented in which the best position of the arm 

for achieving an adequate exposure to the glenoid neck and the safest distance of 

both axillary and suprascapular nerve to the postero-inferior corner of the glenoid is 

determined. Therefore 13 fresh-frozen shoulders of eight human cadavers were  

dissected through a posterior approach as was described by Brodsky. The distance of 

neurovascular structures in relation to the posterior glenoid was measured with  

the arm in nine different positions. A significant increase in axillary nerve-glenoid 

distance by abducting the arm was observed in all cases. The greatest increase in  

distance was found with the arm in 90º abduction and maximal external rotation. 

There was no influence of abduction or rotation of the arm on the distance of the 

suprascapular nerve to the glenoid. It was concluded that abduction of the arm  

facilitates the exposure to the posterior glenoid and scapular neck. Abduction up to 

90º particularly in combination with external rotation of the arm increases the “safe 

zone” between the branch of the axillary nerve innervating the teres minor muscle 

and the glenoid.

The posterior surgical approach as described by Brodsky is elucidated in chapter 8 

by presentation of a patient who was treated by O.R.I.F. of a displaced glenoid  

fracture. The mentioned surgical approach, which was slightly modified in this case, 

is experienced as the least traumatic and safe posterior approach with no or limited 

muscle detachments, with a good exposure to the gleno-humeral joint and the  

allowance for early postoperative rehabilitation.
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Samenvatting

Na een korte inleiding over de onderwerpen van dit proefschrift, werden in  

hoofdstuk 2 de resultaten beschreven van een retrospectieve evaluatie naar de lange 

termijn (functionele en radiologische) resultaten van patiënten met een ipsilaterale 

scapulahals - en clavicula fractuur (“floating shoulder”) die in 40 Nederlandse  

klinieken werden behandeld. Negenenzeventig algemeen - en orthopedisch chirurgen 

behandelden 46 patiënten met een “floating shoulder” in de periode 1991 tot en 

met 1996. Vijfendertig patiënten waren bereid mee te werken aan een na-onderzoek 

bij een gemiddelde follow-up van 35 maanden. Eenendertig patiënten werden initieel 

conservatief en de overige vier operatief behandeld. Drie patiënten werden in een later 

stadium alsnog geopereerd. Zowel de operatief - als de niet-operatief behandelde 

patiënten groep hadden een redelijk tot goed functioneel resultaat (Constant score 

71 versus 76). Een duidelijke correlatie werd geconstateerd tussen het radiologisch - 

(angulaire dislocatie van het glenoid) en functioneel resultaat. Alle patiënten met een 

angulaire malunion > 20° hadden een slecht functioneel resultaat (Constant score 42), 

terwijl angulaire (mal) union < 20° gecorreleerd was met een goed functioneel  

resultaat. 

Op basis van bestaande gegevens valt geen rationeel advies te geven over de  

behandeling van een “floating shoulder”. Desalniettemin suggereren onze studie 

resultaten dat conservatieve behandeling van patiënten met een ipsilaterale, niet -, 

of weinig gedisloceerde scapulahals - en clavicula fractuur, de voorkeur verdient.

Er worden in de literatuur slechte tot matige functionele resultaten gerapporteerd 

van patiënten met een gedisloceerde scapulahals fractuur. In hoofdstuk 3 werd het 

voorkomen van malunion geanalyseerd bij conservatief behandelde patiënten met 

een scapulahals fractuur, zonder geassocieerd schoudergordel letsel. In de periode 

1991 tot en met 2001 werden 24 patiënten behandeld met een geïsoleerde scapula-

hals fractuur in twee Nederlandse ziekenhuizen. Dertien patiënten waren bereid mee 

te werken aan een na-onderzoek bij een gemiddelde follow-up van 5.5 jaar na het 

ongeval. Bij 4 patiënten werd een dislocatie > 1 cm (coronale vlak) geconstateerd, 

echter geen significante angulaire dislocatie. De gemiddelde Constant score van alle 

13 patiënten was 90. Deze studie suggereert dat er geen correlatie bestaat tussen 

het optreden van significante dislocatie van de scapulahals en een slecht functioneel 

resultaat. Significante angulaire malunion werd niet geconstateerd in deze kleine 

patiënten serie. 
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Zoals eerder gemeld in hoofdstuk 2, bestaat er een mogelijke correlatie tussen  

angulaire malunion van de scapulahals en een slecht functioneel resultaat.  

In hoofdstuk 4 werden de resultaten beschreven van een biomechanische studie, 

waarbij het doel van het onderzoek het identificeren was van een mechanische  

oorzaak voor functieverlies van de schouder bij een malunion van de scapulahals. 

Een 3-D bot-spier model werd gebruikt, waarbij de schouder biomechanica van 

een scapulahals malunion vergeleken werden met die van een niet gefractureerde  

scapulahals. Het abduceren van de humerus en het belasten van een 90°  

geabduceerde humerus werden gesimuleerd bij aan - en afwezigheid van een  

angulaire malunion van de scapulahals. De spieractivatie patronen werden bestudeerd, 

met specifieke aandacht voor de rotator cuff musculatuur. Een zeer groot verschil in 

spieractivatie werd gevonden tussen de malunion - en controle (geen scapulahals 

fractuur) groep. Er werd met name een hoge bijdrage geconstateerd van de m. teres 

major, de m. pectoralis major en de m. biceps brachii (caput longum) bij hoge elevatie 

van de humerus. De rotator cuff spieren waren significant verkort in geval van 

malunion en de gegenereerde spierkrachten waren significant gereduceerd bij het 

belasten van een 90° geabduceerde humerus. Uit deze studie blijkt echter dat  

het verlies van de rotator cuff functie als primaire “beweger” van de bovenarm  

eenvoudig kan worden gecompenseerd door een toename van spierkracht van andere 

nabij gelegen spieren met een grotere moment arm. De andere twee functies van de 

rotator cuff, te weten die van “controleur” van de spierbalans en compressor van 

het caput humeri in de fossa glenoidalis zijn mogelijk minder eenvoudig te herstellen 

voor patiënten met een malunion van de scapulahals, met functieverlies van de 

schouder als gevolg.

In hoofdstuk 5 wordt de huidige visie op anatomische, biomechanische en klinische 

aspecten betreffende de “floating shoulder” geëvalueerd. Dit zeldzame letsel dat over 

het algemeen het gevolg is van een hoog energetisch trauma, gaat vaak gepaard 

met andere loco-regionale letsels en letsels op afstand. Er wordt verondersteld dat 

het een instabiel schouderletsel betreft, met risico op significante dislocatie van 

zowel de clavicula - als de scapulahals fractuur. Om een patient een rationele  

behandeling voor te stellen is het belangrijk de patho-anatomie van een “floating 

shoulder” te identificeren en te begrijpen. Tot nu toe kunnen de aanbevelingen voor 

behandeling van met name de gedisloceerde scapulahals - en clavicula fractuur niet 

gebaseerd worden op de conclusies van gepubliceerde klinische studies, alle bij  

kleine patiënten series en met een retrospectieve opzet. De mogelijke relatie tussen 

functioneel resultaat en malunion van de scapulahals wordt in twijfel getrokken.
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In de literatuur wordt gesuggereerd dat door het verrichten van open repositie en 

interne fixatie van de clavicula fractuur bij patiënten met een “floating shoulder”, de 

scapulahals fractuur automatisch wordt gereponeerd en daarmee malunion van de 

scapulahals wordt voorkomen. In hoofdstuk 6 wordt, aan de hand van drie case 

reports, uitgelegd dat deze algemeen geaccepteerde theorie niet juist is. Naar onze 

mening is de verkorting van de scapulahals fractuur niet het gevolg van mediale  

dislocatie van het glenoid fragment, maar ontstaat door laterale dislocatie van het 

mobiele corpus scapulae. Wanneer het doel van de operatieve behandeling  

anatomische repositie is, dan zal open repositie en interne fixatie van de scapulahals 

fractuur zelf moeten worden verricht.

In hoofdstuk 7 wordt een anatomie studie gepresenteerd waarin onderzocht is wat 

de gunstigste positie van de arm is met betrekking tot het verkrijgen van een goede 

toegang tot de scapulahals na een dorsale chirurgische benadering en tevens te 

beoordelen wat de veiligste afstand is tussen enerzijds de n. axillaris en n. supra-

scapularis en anderzijds de postero-inferieure hoek van de fossa glenoidalis. In het 

kader van deze studie werden 13 vers gevroren schouders van acht menselijke  

kadavers ontleed na een posterieure chirurgische benadering zoals die werd  

beschreven door Brodsky. De afstand van de neurovasculaire structuren tot de  

postero-inferieure hoek van de fossa glenoidalis werd gemeten bij negen verschillende 

posities van de arm. Een significante toename in de n. axillaris - glenoid afstand 

werd gevonden bij het abduceren van de arm.  De grootste afstand werd gevonden 

bij 90° abductie en maximale exorotatie. De afstand van de van de n. suprascapularis 

tot de postero-inferieure hoek van de fossa glenoidalis werd niet beïnvloed door 

abductie of rotatie van de arm. Geconcludeerd werd dat abductie van de arm de 

toegang tot de scapulahals en de fossa glenoidalis vergemakkelijkt. Abductie tot 

90°, in combinatie met exorotatie van de arm, vergroot de zogenaamde “veilige 

zone” tussen de tak van de n. axillaris die de m. teres minor innerveert en de fossa 

glenoidalis.

De posterieure chirurgische benadering zoals die werd beschreven door Brodsky 

wordt toegelicht in hoofdstuk 8 door presentatie van een patient die behandeld 

werd middels open repositie en interne fixatie van een glenoid fractuur. De genoemde 

chirurgische benadering, die gemodificeerd werd in deze casus, wordt ervaren als de 

minst traumatische en veilige posterieure benadering, zonder (of minimale) losmaking 

van de spier (m. deltoideus), met een goede toegang tot het gleno-humerale gewricht 

en de mogelijkheid tot vroege postoperatieve mobilisatie.
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Dankwoord

Ik zou een ieder die een bijdrage heeft geleverd aan het tot stand komen van dit 

proefschrift heel hartelijk willen bedanken. Een aantal mensen wil ik in het bijzonder 

noemen:

Lieve Sacha, hoewel de vergelijking op vele facetten mank gaat, staat het 2-1  

qua bevallen. Echter de opbrengst van mijn bevalling: “een doctorsromannetje” valt 

in het niet bij die van jou: 2 godswonderen. 

Dank voor alle tijd die je mij gunde om weer “achter die computer te kruipen”.

Dominic en Nicola, woensdag blijft mannendag. 

Prof. Dr. Chr. van der Werken, mijn promotor. Beste Chris, dank voor je steun en  

vertrouwen. Je heldere adviezen, ontelbare razendsnelle correcties, gedrevenheid en 

enthousiasme zijn van zeer grote waarde voor mij geweest. Ik heb je begeleiding 

enorm gewaardeerd.

Dr. R. L. te Slaa, mijn copromotor. Beste Ron, jij bent de 'motivator' en grondlegger 

van deze promotie. 

“Daar valt meer uit te halen”, waren jouw woorden na een casus presentatie van 

een operatief behandelde patiënt met een clavicula en ipsilaterale scapulahals  

fractuur op een refereeravond in Delft. En zie hier…. Met een zekere volharding,  

die jou niet vreemd is, is een casus presentatie geëindigd in een proefschrift.

De leden van de beoordelingscommissie: Prof. Dr. R. Castelein, Prof. Dr. A. van 

Kampen, Prof. Dr. L.P.H. Leenen, Prof. Dr. E. Lindemans, Prof. Dr. R.K. Marti,  

wil ik danken voor de bereidheid het manuscript te beoordelen. 

Prof. Dr. A. van Kampen. Beste Albert, jouw enthousiasme voor het proefschrift en 

directe betrokkenheid bij een aantal studies zijn voor mij van grote waarde geweest. 

Ik ben zeer ingenomen met het feit dat je bij “mijn feestje” aanwezig bent.

Prof. Dr. F.C.T. van der Helm en Dr. E.K.J. Chadwick. Beste Frans en Ed, veel dank 

voor de introductie van een leek in het “eindig elementen schoudermodel”.  

Ed, dank voor alle tijd en energie die je hebt geïnvesteerd in het schrijven van het 

artikel. Dat conservatieve behandeling van een patiënt met een floating shoulder tot 

soms verbazingwekkende uiterlijke veranderingen kan leiden, weet jij als geen ander. 
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Prof. Dr. B. Hillen. Beste Berend, veel dank voor de gelegenheid die je mij hebt  

geboden om het anatomie onderzoek te verrichten. Vrijwel altijd kon ik terecht op 

de nagenoeg smetteloze dissectiekamer om op een niet gebalsemd preparaat de 

benadering van Brodsky uit te voeren. Tussentijds voorzag je mijn handelingen van 

kritisch commentaar. 

Het schrijven van dit proefschrift heeft direct parallel gelopen aan mijn opleiding  

tot orthopedisch chirurg. Mijn opleiders: Dr B.R.H. Jansen, Dr J.A. Roukema,  

Prof. Dr. R.P.H. Veth, Dr. P. Pavlov en Dr. W. J. Rijnberg wil ik danken voor hun rol 

in mijn opleiding tot orthopedisch chirurg en hun motiverende rol in het afronden 

van het proefschrift.

Dr B.R.H. Jansen, beste Bernard, nestor, opa, raadgever en tevens één van de meeste 

kleurrijke mensen die ik ken. Soms onnavolgbaar, maar immer gedreven. Ik wens je 

alle goeds met het Ghana project.

 

I would like to take this opportunity to thank Prof. Ernest U. Conrad III and  

Prof. Frederick A. Matsen III, from the Department of Orthopaedic Surgery at  

the University of Washington Medical Center, Seattle. 

Dear Chappie, thank you very much for your hospitality. The baptism of fire in the 

summer of ’92 convinced me to try to become an orthopaedic surgeon. 

Dear Rick, it has been a great opportunity and pleasure to participate as a foreign 

resident at the Shoulder & Elbow Service during spring and summer in 1997. 

Mijn paranimfen: Robert Gaasbeek en Arend Jan Verbaan. Beste Robert, het geeft 

een meer dan goed gevoel dat jij één van mijn paranimfen bent. En wat het  

promoveren betreft: goed voorbeeld doet volgen. Arend, B36, vriend, ceremonie-

meester en getuige tijdens mijn huwelijk, het voelt bijna als een vanzelfsprekendheid 

dat jij tijdens de verdediging naast mij staat. 

Zeker niet op de laatste plaats wil ik alle patiënten danken die hebben deelgenomen 

aan de klinische studies, evenals de mede auteurs van de artikelen die de basis  

vormen van dit proefschrift en tenslotte alle chirurgen die geparticipeerd hebben 

in de floating shoulder studie.
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Dr. Wouter Vles. Beste Wouter, niet zo heel lang geleden dankte je mij in je proef-

schrift als data manager. Het doet me deugd dat ik nu de stand kan recht trekken, 

waarbij ik je niet zozeer als data manager, maar wel als raadgever wil bedanken.

Arianne van der Gaag en Harald Pieper. Dank voor respectievelijk het ontwerp van 

de omslag en lay-out werk. Het ziet er mijns inziens prachtig uit. 

De basis voor mijn interesse in (klinisch) onderzoek is ongetwijfeld gelegd aan  

het einde van mijn studie geneeskunde op de afdeling anatomie van de Erasmus 

Universiteit. Dr. Rob Stoeckart en dr. Gert Jan Kleinrensink, bevlogen en zeer  

enthousiasmerende mensen, zijn hiervoor verantwoordelijk. Dank voor de begeleiding 

bij het prille begin van “het floating shoulder” onderzoek.

Mijn schoonouders voor het creëren van gunstige onderzoek omstandigheden.  

Dank jullie wel voor de vele woensdagen waarop jullie Dominic hebben opgevangen.

Mijn echte basis ligt in Den Haag, bij mijn ouders. Pap en mam, dank voor alle  

liefde, vertrouwen en kansen die jullie mij hebben gegeven. Aan jullie draag ik dit 

proefschrift op.

Zo…. lieve Sacha, het wordt hoog tijd voor een feestje.
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Curriculum Vitae

De auteur van dit proefschrift werd op 14 januari 1966 te ’s-Gravenhage geboren.  

In 1986 werd het VWO diploma behaald aan het Chr. Gymnasium Sorghvliet.  

Na het vervullen van de militaire dienstplicht als radio-interceptor begon hij in 1987 

met de studie geneeskunde aan de Erasmus Universiteit te Rotterdam. Het arts  

examen werd in 1994 behaald. 

Van 1995 tot 1997 was hij als agnio werkzaam op de afdeling orthopedie van het 

Reinier de Graaf Gasthuis te Delft met als opleider Dr. B.R.H. Jansen. Gedurende 

deze periode is onder initiatie van Dr R.L. te Slaa gestart met het verzamelen van 

data voor de eerste klinische studie. Voordat in 1998 gestart werd met de chirurgische 

vooropleiding in het Elisabeth Ziekenhuis te Tilburg (opleider Dr. J.A. Roukema), was 

hij in 1997 als “resident” werkzaam op de afdeling orthopedie aan de University of 

Washington Medical Center (shoulder and elbow service; opleider Prof. F.A. Matsen 

III) en Harborview (traumatology department; opleider Prof. S.T. Hansen) in Seattle. 

Van 2000 tot 2004 werd de opleiding orthopedie volbracht aan het Universitair 

Medisch Centrum Nijmegen St. Radboud (opleider Prof. Dr. R.P.H. Veth), met perifere 

stages in het Rijnstate Ziekenhuis te Arnhem (opleider Dr. W.J. Rijnberg) en de  

St. Maartenskliniek (opleider Dr. P.W. Pavlov) te Nijmegen. 

Van 2004 tot 2005 is de auteur werkzaam geweest als chef de clinique in het 

Canisius Wilhelmina Ziekenhuis te Nijmegen. Per 1 maart 2005 is hij werkzaam als 

orthopedisch chirurg in het Spaarne ziekenhuis in associatie met T. de Jong,  

Dr. P.A. Nolte, D.A.Vergroesen en J.J. Schrik. De auteur is getrouwd met Sacha 

Mosch. Samen hebben zij 2 zonen, Dominic en Nicola.
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