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Background: Realignment osteotomies is gaining popularity amongst Dutch orthopaedic
surgeons. Exact numbers and used standards in clinical practice concerning osteotomies
are unknown due to the absence of a national registry. The aim of this study was to inves-
tigate the national statistics of performed osteotomies, utilized clinical workups, surgical
techniques, and post-operative rehabilitation standards in the Netherlands.
Method: Dutch orthopaedic surgeons, all members of the Dutch Knee Society, received a
web-based survey between January and March 2021. This electronic survey contained 36
questions, subdivided into: general surgeon-related information, number of performed
osteotomies, inclusion of patients, clinical workup, surgical techniques, and post-
operative management.
Results: 86 orthopaedic surgeons filled in the questionnaire, of whom 60 perform realign-
ment osteotomies around the knee. All the 60 responders (100%) perform high tibial osteo-
tomies and 63.3% additionally perform distal femoral osteotomies, while 30% perform
double level osteotomies. Discrepancies in surgical standards were reported regarding to
inclusion criteria, clinical workup, surgical techniques, and post-operative strategies.
Conclusions: In conclusion, this study got more insight in knee osteotomy clinical practices
as applied by Dutch orthopaedic surgeons. However, there are still important discrepancies
which pleads for more standardization based on available evidence. A (inter)national knee
osteotomy registry, and even more so, a (inter)national registry for joint preserving
surgeries could be helpful to achieve more standardization and treatment insights. Such
a registry could improve all aspects of osteotomies and its combinations with other
joint-preserving interventions towards evidence for personalised treatments.
� 2023 The Author(s). Published by Elsevier B.V. This is an open access article under the CC

BY license (http://creativecommons.org/licenses/by/4.0/).
1. Introduction

Realignment osteotomies around the knee are a proven surgical treatment for unicompartmental knee osteoarthritis
(OA), as this approach delays the need for a partial- or total knee arthroplasty (UKA or TKA). In the majority of patients trea-
ted with a high tibial osteotomy (HTO), a knee arthroplasty was delayed with 15 years [36]. Distal femoral osteotomy (DFO)
showed a survival of 89% after ten years before revision to TKA [47]. This makes an osteotomy as joint preserving treatment
very valuable for active and/or younger patients, by lowering the lifetime risk for a complex and expensive revision surgery
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[4]. Modern indications for osteotomies were expanded too, as the importance of leg alignment in multiple knee pathologies
was demonstrated [13,16].

This biological preservation of the knee joint by restoring the alignment is also performed by Dutch orthopaedic surgeons
with unknown exact numbers. Likewise, the applied patient selection criteria, pre-operative planning techniques, surgical
techniques, and post-operative rehabilitation methods lack the overview. A registry for arthroplasties is common and well
accepted in the Netherlands (LROI). Unfortunately, for osteotomies such database registry is non-existent.

Several European countries prove that such registries, also containing leg realignment surgeries, could be of great value
[8,11,35,39]. Overall treatment quality will increase due to more standardization and possible outliers can be detected. This
will also improve research since study parameters are standardized. An important notice is that surgeons should voluntarily
contribute with correct and complete data [20]. The choice of creating a new registry should therefore be not taken lightly,
since there are examples of terminated registries [20]. On the contrary, a national overviewwith regards to lower limb osteo-
tomies could still be of value in terms of research and patient safety.

Since there is no Dutch knee osteotomy registry, this study aimed to provide the current clinical practices as applied by
orthopaedic surgeons in the Netherlands. This would provide valuable insights for research and clinical purposes, highlight-
ing the utility of such registries.
2. Materials and methods

A nationwide electronic survey (SurveyMonkey, Momentive, San Mateo, United States) was conducted amongst 222
members of the Dutch Knee Society (DKS) between January and March 2021. All invited Orthopaedic surgeons performed
knee surgeries in the Netherlands with varying experience years and clinical expertise. The survey was divided into four cat-
egories (Appendix A): (I) surgeon-related information; (II) patient selection, pre-operative workup, and pre-operative plan-
ning; (III) operative techniques and materials; (IV) postoperative management.

Responses were analysed in SPSS Statistics version 26.0.0.1 (IBM, New York, United States) using descriptive analyses,
reporting means, and standard deviations. Figures were created in Prism 9 (GraphPad, San Diego, United States).
3. Results

3.1. Surgeon-related information

Amongst the 222 members of the DKS, we received 86 responses. Of the 86 responders, 60 Orthopaedic surgeons perform
osteotomies around the knee. All these 60 surgeons (100%) perform HTOs, 38 surgeons (63.3%) perform distal femoral osteo-
tomies, and 18 surgeons (30%) perform double level osteotomies. Surgeon-related information (only osteotomy performing
surgeons) is displayed in Table 1.
3.2. Patient selection, pre-operative workup, and pre-operative planning

Patient selection criteria and indication for osteotomies differed between orthopaedic surgeons. Figure 1 displays the
applied BMI and age exclusion criteria. The patient indications and contraindications for undergoing an osteotomy as applied
by Dutch orthopaedic surgeons are summarized in Figure 2.
Table 1
Surgeon related information amongst participants of the online survey.

Topic Answer

Hospital level of responders Academic centre 5 (8.3%)
General hospital 43 (71.7%)
Independent treatment centre 8 (13.3%)
Disease specific centre 3 (5.0%)
Work seeking 1 (1.7%)

Experience years as Orthopaedic Surgeon 0-5 years 16 (26.7%)
10–15 years 15 (25.0%)
5–10 years 15 (25.0%)
>15 years 14 (23.3%)

Experience years in performing osteotomies 0–5 years 17 (28.3%)
5–10 years 16 (26.7%)
10–15 years 8 (13.3%)
>15 years 19 (31.7%)

Performed osteotomies per year Tibia 838
Femur 262
Double level 107
Other 43
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Figure 1. Applied exclusion criteria in terms of BMI and age by Dutch Orthopaedic surgeons for osteotomies around the knee. On the y-axis the number of
responses (N).

Figure 2. Indications, contraindications, relative contraindications, and no contraindications as applied by Dutch Orthopaedic surgeons for patients to
undergo an osteotomy around the knee.
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The responses of Dutch orthopaedic surgeons with regards to the use of diagnostic imaging are displayed in Figure 3. All
surgeons obtain a whole leg radiograph (WLR) and, in most cases, accompanied with standard knee X-ray. Seven surgeons
acquire an MRI scan before scheduling an osteotomy, and 2 surgeons arthroscopically assess the knee joint on beforehand.

Most surgeons (45.5%) use the Miniaci method [10] for preoperative planning of the desired osteotomy gap size. Only
three surgeons (5.6%) use patient specific instrumentation (PSI) during their preparation and execution of the osteotomy
(Table 2). As target correction, all surgeons desire an overcorrection in case of varus deformed malalignment, with the med-
ian at 62% Fujisawa [15] and minimum of 50% and maximum of 75%. In case of valgus deformity, surgeons choose to correct
the mechanical axis towards a median Fujisawa [15] of 50% (Figure 4).
3.3. Operative techniques and materials

Dutch orthopaedic surgeons use different osteotomy approaches and techniqes (Figure 5). An open wedge HTO is the
most used approach and technique in the Netherlands with 51 surgeons. Distal femoral osteotomies are performed by 30
surgeons with a medial approach and by 28 surgeons with a lateral approach.

Osteotomies are performed with anterior cruciate ligament (ACL) repairs by 21 surgeons (Figure 6). 33 surgeons perform
posterior tibial slope correcting osteotomies to treat cruciate ligament deficiencies, and 10 surgeons perform rotation cor-
rections of the lower limb. Dome osteotomies are rarely performed in the Netherlands by only two surgeons, while double
level osteotomies are currently performed by 13 surgeons. Biplanar osteotomies are mostly applied proximally in HTOs.
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Table 2
Preoperative planning methods and devices as used by Dutch Orthopaedic surgeons for the preparation of osteotomies around the knee.

Topic Answer

Preoperative planning method Miniaci [10] 25 (45.5%)
Dugdale [49] 7 (12.7%)
Coventry [6] 4 (7.3%)
Paley [38] 16 (29.1%)
Other 3 (5.5%)

Preoperative planning devices Patient Specific Instrumentation 0 (0.0%)
Dedicated software toolbox 28 (51.9%)
Patient Specific Instrumentation & Dedicated software toolbox 3 (5.6%)
Other 23 (42.6%)

Figure 3. Responses of Dutch Orthopaedic surgeons about their use of diagnostic imaging during patient workup before indicating an osteotomy.

Figure 4. Targets of osteotomy corrections, for both varus producing and valgus producing osteotomies. The plot displays the median values and the ranges
as responded by the Dutch Orthopaedic surgeons.

Figure 5. Osteotomy techniques used by Dutch Orthopaedic surgeons visualized per approach. On the x-axis the number of responses (N).
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Figure 6. Surgical techniques performed by Dutch Orthopaedic surgeons in addition to the uniplanar osteotomy technique.
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The Tomofix (DePuy Synthes, PA, USA) osteotomy system is the most common plate used by Dutch orthopaedic surgeons,
with 46 active users (Table 3). Open wedge osteotomy gaps above 10 mm are filled by 25 surgeons, while 3 surgeons fill the
gap when above 5 mm, and 5 surgeons always fill an open wedge osteotomy gap (Figure 7). 17 surgeons responded to never
fill an open wedge osteotomy gap despite its size (Figure 7). The used gap filling materials in osteotomies are displayed in
Figure 7.

3.4. Postoperative management

One orthopaedic surgeon responded to follow up osteotomy patients without radiographic exams, and two surgeons do
not examine patients after surgery at the outpatient clinic. Only 9 surgeons use patient reported outcomemeasures (PROMs)
for patient follow up after osteotomy (Figure 8).

3.5. Agreement Dutch orthopaedic surgeons

Figure 9 highlights topics from the five categories and arranged them based on the agreement amongst the Dutch ortho-
paedic surgeons. All surgeons perform osteotomies to treat unicompartmental osteoarthritis and prepare the treatment on
whole leg radiographs. The surgeons had a relatively high agreement (>80%) about anteroposterior knee X-rays, patient fol-
low up in the outpatient clinic, bilateral whole leg radiographs, and radiological follow up. Diagnostic arthroscopies are
rarely used by the orthopaedic surgeons with 3.6%.

4. Discussion

This study aimed to provide an overview of the current knee osteotomy clinical practices as applied by orthopaedic sur-
geons in the Netherlands. Clinical practices as applied by surgeons were summarized in terms of patient indication, imaging,
work-up, surgical techniques, and patient follow-up.

Most knee osteotomy performing surgeons are employed in general hospitals in the Netherlands. Together with 60 active
orthopaedic surgeons around 1250 osteotomies are performed on a yearly basis. In comparison, the Swedish Arthroplasty
registry reported 176 performed knee osteotomies in 2019 spread over 22 hospitals [43]. In the United Kingdom (UK) a total
of 1776 osteotomy surgeries were registered in the Knee Osteotomy registry between 1 December 2014 and 1 December
2017 [39]. Orthopaedic surgeons in Germany performed 3.893 valgus producing proximal tibia and 538 varus producing dis-
tal femur osteotomies in 2013 [8]. So compared to some European countries a large number of osteotomies are performed in
Table 3
Used fixation systems of osteotomies around the knee as responded by the
surgeons.

Topic Answer

Osteotomy Fixation System Tomofix (Depuy Synthes) 46 (70.8%)
FlexitSystem (Neosteo) 4 (6.2%)
Staple fixation 4 (6.2%)
Activmotion (Newclip) 3 (4.6%)
Puddu plate (Arthrex) 1 (1.5%)
Other 7 (10.8%)
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Figure 7. Osteotomy gap filling protocol and materials by Orthopaedic surgeons On the x-axis the number of responses (N).

Figure 8. Patient follow up standards after undergoing osteotomy around the knee, applied by the Orthopaedic surgeons. On the x-axis the number of
responses (N).

Figure 9. The agreement amongst Dutch orthopaedic surgeons in percentages (%) about the topics in knee osteotomy.
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the Netherlands. Although probably not all knee osteotomies are registered by orthopaedic surgeons in the Swedish and UK
registries. A solution however is the European Medical Device Regulation, enforced since the 26th of May in 2021, which
ordains medical suppliers to register all patient implants. This automatically provides an overview of performed surgeries
with implants in the European Union.
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Interestingly, there is a dip in number of surgeons with 10–15 years of knee osteotomy experience based on the results of
the current study. There was a reluctance in performing knee osteotomies as a treatment for unicompartmental knee OA
since arthroplasty had gained popularity in the mid 70’s [40,51]. From 2000, the benefits of open wedge HTO have been fur-
ther exploited, with new fixation materials allowing for a much more refined operation technique. In contrary to a closed
wedge HTO technique, an open wedge HTO prevents tibial shortening, the need for a fibular osteotomy, and future conver-
sion to a knee arthroplasty is easier to perform. Open wedge osteotomy popularity was limited due to the need of osteotomy
gap augmentation to prevent non-union or loss of correction and hardware failure. The development of locking compression
plates increased the post-surgical stability of the construct and gap filling is mostly not needed anymore. The awareness of
the need for joint-preserving treatment option together with more exact and extended patient indication led to the gaining
popularity of knee osteotomy [24,51].

Patient indication for undergoing knee osteotomy shifted towards the more young and active patient presenting (mod-
erate) unicompartmental knee OA [16,51,59]. So ideally the age (<60 years) and BMI (<30) of patients are low when indicated
for knee osteotomy and are considered as relative contraindications [16,59]. Interestingly the indicated patients by Dutch
orthopaedic surgeons vary in both BMI and age, where two surgeons do not consider BMI at all (the questionnaire’s BMI
was limited at 50). The potential influence of BMI and age as risk factor for treatment failure (conversion into TKA) has been
investigated in many studies, with contradictory results [36]. A possible explanation is the lack of patients with extreme BMI
and/or age included in certain studies [36]. Although in some studies high BMI is a potential risk factor for osteotomy non-
union [26,29]. As to age for contraindication, some studies report a correlation between higher age and early revision into
TKA [36]. But with careful patient selection and pre-operative functional scores age should not be a deciding factor [19].
In fact, a case series demonstrated that even elderly patients were able to return to sport after a successful HTO [31].

Knee osteotomy indication was redefined in the mid 700s towards more moderate unicompartmental OA in light of the
gained popularity of TKA [51]. Nowadays, patient selection for knee osteotomy is modernized again. HTO is increasingly per-
formed in context of cartilage injuries, ligament instability, meniscal deficiency, and is used in combination with treatment
of these knee pathologies [13,16]. A substantial number of orthopaedic surgeons in the Netherlands indicated to treat
patients presenting (osteo)chondral defects and ligament instability with knee osteotomy, when this is presented as best
option. The Dutch Orthopaedic Society published guidelines, indicating that patients with cartilage defects and
malalignment > 5� should be treated with a combined cartilage repair and osteotomy [7].

During patient workup all Dutch orthopaedic surgeons obtain a WLR and almost all of them are bilateral views. Despite
the proven importance of patient positioning and X-ray system setup, only 19 surgeons responded to employ the guidelines
as proposed by Paley et al [33,34,37]. The importance of weightbearing present onWLRs for preoperative planning cannot be
overstated but seems not enough since ten surgeons replied not to include weightbearing in their WLR protocol [53]. The
difference between supine and standing leg alignment is significant since joint soft tissues can compress during loading,
especially in the degenerated zones [14,27,41,44,57,58]. Of discussion, during preoperative planning of the desired
weight-bearing line through the knee joint, there is also evidence for planning on supine radiographs for more post-
surgical accuracy [46,54]. An explanation for the increased preoperative planning accuracy is the same presence of soft tissue
compression in the knee joint. By transferring the weight-bearing axis towards the healthier compartment of the knee joint
post-surgically, the unhealthy compartment with softer tissue gets relieved, leading to a shift in the joint line convergence
angle (JLCA). This opening up of the joint is consistently observed in multiple studies and cannot be accounted for during
preoperative planning, meaning that it adds up to the osteotomy inaccuracy [22,30,48,54].

Preoperative planning of knee osteotomies is of utmost importance for successful treatment outcome, which is relieve of
pain in osteoarthritic knees [51]. Most Dutch orthopaedic surgeons responded to use the Miniaci method for this osteotomy
planning, which is in fact the most precise technique [5,10,49]. This method considers the lower limb as one entity for cor-
rection planning, based on the hip knee angle (HKA) and Mikulicz line [10]. A hybrid option is to respect the coronal femoral
an tibial geometry separately, but template the correction onto one bone using the Miniaci method [49]. Paley evolved
osteotomy planning methods by applying the centre of rotation angulation (CORA) [38]. With this method the deformity
location is respected unlike the doctrine of ‘‘varus in the tibia” and ‘‘valgus in the femur” [51]. Paley’s method also allows
for a planning of a double level osteotomy, preventing a too high joint line obliquity after surgery which could lead to early
treatment failure [1,3,9,23,32,45,55]. Not respecting the CORA and postoperative joint line obliquity during preoperative
planning leads to a substantial amount of undesired femoral and tibial geometries [12]. A retrospective study concluded that
only 28% of varus legs was caused by an isolated proximal tibial deformity [12].

Bone void filling during open wedge osteotomy in the Netherlands has little consensus. As open wedge osteotomy tech-
niques gained popularity from the 000s, concerns arise about bone healing after surgery [51]. Various studies investigated the
non-union rate in open wedge osteotomies [26,28,29]. Non-union still is a common complication, albeit not different
between the open- and closed wedge osteotomy technique [2,26,28,29,51,52]. In fact, non-union is consistently only being
correlated to obesity and smoking [26,29,51]. Although unstable hinge fractures probably induce the same problem and if
observed, reoperation is needed [21,42,53,56]. Since open- and closed wedge osteotomies are clinically comparable in terms
of bone-union, bone void filling during osteotomy in cases with gap size below 10 mm is not necessary [2,50]. Recently, bone
void filling is sometimes being performed for another reason. Post-operative pain after open wedge osteotomy devaluates
the treatment in both surgeons’ and patients’ perspective. One of the main reasons of postsurgical pain is presumed to be
the bleeding and leakage of bone marrow from the osteotomy site [17,25]. Filling the gap with femoral head allograft and
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drainage of the surgical site has proven to be effective in relieving this pain [17,25]. So filling the bone void with a femoral
head allograft could be beneficial in terms of post-surgical pain and early rehabilitation [17].

Patient follow up is still an underexposed topic in knee osteotomy care. Patient indication, presurgical workup, surgical
techniques, and rehabilitation protocols are common topics in literature and osteotomy summaries [16,18,51]. The Swedish
osteotomy registry also excludes patient follow up [43]. In 2021 the UK Knee Osteotomy consensus Group were the first in
advising standardized post-surgical follow up. They advised using KOOS and/or IKDC, Tegner score, and EuroQol 5 dimen-
sions questionnaire (EQ-5D) [53]. However, they did not mention advised timepoints and frequency of assessing those ques-
tionnaires/scores [53]. The United Kingdom Knee Osteotomy Registry includes such standardized follow up assessments,
which leads to valuable insights [39]. Considering the Dutch responses in this study, most surgeons unfortunately only
include radiographic and physical examinations for follow up and no patient reported outcome measurements (PROMS).

The response rate was 86 out of 222 DKS, which suggests the idea that the current results were unable to summarize and
reflect the opinions of all Dutch knee osteotomy performing orthopaedic surgeons. However, it would be likely that the most
non responders were surgeons who do not perform knee osteotomies, since the questionnaire was aimed at this group.
Another limitation of this study were the underexposed topics. There should be a balance in the number of questions and
therefore several issues were not mentioned, like weight bearing protocols, in depth surgical osteotomy procedures, and sur-
gical workflows when osteotomies were combined with other treatments. A joint preservation registry could solve these
limitations, for instance, a committee can actively update such a registry with relevant topics in line with state-of-the-art
knowledge. The same committee can add or invite orthopaedic surgeons periodically and increase the accuracy of the
national mapping of joint preserving treatments.

5. Conclusions

In conclusion, this study got more insight in knee osteotomy clinical practices as applied by Dutch orthopaedic surgeons.
However, there are still important discrepancies which pleads for more standardization based on available evidence. A (in-
ter)national knee osteotomy registry, and even more so, a (inter)national registry for joint preserving surgeries could be
helpful to achieve more standardization and treatment insights. Such a registry could improve all aspects of osteotomies
and its combinations with other joint-preserving interventions towards evidence for personalised treatments.
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