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Abstract

Background High tibial osteotomy (HTO) for varus deformities is a common concomitant treatment in cartilage surgery. Aim
of the present study was to analyze factors influencing the decision towards accompanying HTO in patients with cartilage
defects of the medial femoral condyle, such as the amount of varus deformity.

Methods Data from 4986 patients treated for cartilage defects of the knee from the German Cartilage Registry (Knorpel-
Register DGOU) were used for the current analysis. Seven hundred and thirty-six patients fulfilled the inclusion criteria.
Their data were analyzed for factors influencing the decision towards performing a concomitant HTO using 7 test, univariate
and multivariate binary logistic regression models.

Results The break point at which the majority of patients receive a concomitant HTO is 3° of varus deformity. Several factors
apart from the amount of varus deformity (5.61 +2.73° vs. 1.72 +2.38°, p <0.00) differed significantly between the group
of patients with HTO and those without. These included defect size (441.6 +225.3 mm? vs. 386.5 +204.2 mm?, p=0.001),
symptom duration (29.53 +44.58 months vs. 21.85+34.17 months, p=0.021), defect grade (62.5% IVa/IVb vs. 57.3% IVa/
IVb, p=0.014), integrity of corresponding joint surface (10.8% grade III-1V vs. 0.2% grade I1I-1V, p <0.001), meniscus
status (15.5% > 1/3 resected vs. 4.4% > 1/3 resected, p <0.001) and number of previous surgeries (1.01+1.06 vs. 0.75+1.00,
p=0.001). In the stepwise multivariate binary logistic regression test, only the amount of varus deformity, symptom duration
and quality of the corresponding joint surface remained significant predictors associated with performing a concomitant HTO.
Conclusion Based upon data from a nationwide cohort, additional HTO in context with cartilage repair procedures of the
medial femoral condyle is frequently performed even in mild varus deformities less than 5°. Other factors also seem to
influence decision for HTO.
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Introduction

Identification and treatment of underlying pathologies have
become more recognized, concomitant surgeries more rel-
evant in the context of cartilage surgery within recent years.
Detailed preoperative patient evaluation is imperative to
identify these pathologies and to enable a patient-individ-
ual treatment recommendation. Varus deformity is found in
a large percentage of patients with cartilage defects of the
medial femoral condyle [1, 2].

High tibial osteotomy (HTO), as the most frequently
performed osteotomy around the knee, has been an estab-
lished treatment option for unilateral knee osteoarthritis
for decades [3—5]. Over time, concurrent cartilage treat-
ment in patients with varus-associated osteoarthritis gained
popularity, even though a benefit of an additional cartilage
treatment accompanying the osteotomy compared to HTO
alone could not be shown for osteoarthritic knees until now
[5]. Due to innovative implants and adapted surgical tech-
niques, the range of indications has been extended in recent
years to knee joint instability, patellofemoral diseases or
accompanying cartilage surgery [4, 6, 7]. In earlier years,
without any scientific evidence, it seemed well accepted
that correction of malalignment was indicated in patients
with deformities exceeding the amount of 5°. Deformities
exceeding this degree being a standard exclusion criterion
for several pharmaceutical studies dealing with isolated ACI
procedures indirectly suggests the same [8—11]. Interest-
ingly, some authors demonstrated benefits of cartilage repair
procedures in combination with HTO compared to cartilage
repair alone even in patients with smaller deformities [12],
raising the question what amount of varus deformity should
be corrected. Scientific research so far has failed to show
evidence supporting a 5° cut off for valgisation osteotomies
of the tibia. While scientific proof of improved outcome
with concomitant HTO in cartilage surgery is limited [13],
it seems reasonable that orthopedic surgeons decide on per-
forming an accompanying HTO based on the amount of leg
axis malalignment.

The intention of the present study, which is based upon
data from the German Cartilage Registry, was to show the
current status of how cartilage surgery experts decide on
performing accompanying osteotomies in regard to the
degree of varus deformity.

Furthermore, aim of the present study was to analyze
whether further factors influence the decision for or against
HTO in the context of cartilage repair procedures or whether
the decision is exclusively based on the amount of deformity.
This has not been addressed in literature so far.
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Methods

Data from the German Cartilage Registry (KnorpelReg-
ister DGOU) were evaluated for the present analysis. The
KnorpelRegister DGOU is an observational, nationwide
and longitudinal multi-centre registry of patients assigned
for surgical treatment of cartilage defects of the knee and
aims to determine real-life treatment patterns and clini-
cal outcomes. The registry was initiated by the ‘Arbe-
itsgemeinschaft Klinische Geweberegeneration” (Work-
ing Group Clinical Tissue Regeneration) of the German
Society for Orthopaedics and Trauma (DGOU) in 2013.
Since then, the number of sites has increased to 120. This
registry is conducted in accordance with the Declaration of
Helsinki and registered at germanctr.de (DRKS00005617).
The current study was approved by the Ethics-Commission
of the Medical Center—University of Freiburg: EK-FR
105/13_130795).

All patients aged 18 years and above that meet the fol-
lowing criteria are eligible to take part in the German Car-
tilage Registry: surgical treatment of cartilage defects of
the knee, ankle or hip joint at a participating site, signed
written informed consent and possession of a personal
e-mail address.

Until August 2019, 4986 patients assigned for surgi-
cal treatment of cartilage defects of the knee have been
included in the registry. In the present study, data from
736 patients were analyzed.

Data collection is performed using a web-based RDE
System “RDE-Light” which was developed by the Clinical
Trials Unit (Freiburg) as an electronic data entry interface
and data management system for clinical studies and other
projects in clinical research. Data are collected paperless
and directly on site via an internet browser. Forms are
based on HTML- and PDF-format. RDE-light is available
in various languages and validated according to GAMP
5. Furthermore, it fulfils all requirements of good clinical
practice (GCP). Established security standards like crypto-
graphic security protocols (SSL/TLS), user authentication
protocols and authorization concepts are applied.

After the patients sign the written informed consent, the
investigator is allowed to register the patients to the data-
base. Patient- and defect-specific parameters are reported
by the treating physician at the time of surgery.

Inclusion criteria for the study at hand were existence of
a leg length X-ray, a single cartilage defect on the medial
femoral condyle, either no accompanying surgery or a high
tibial osteotomy.

The baseline characteristic parameters degree of varus,
symptom duration, corresponding joint surface status,
defect size, defect stadium, age, BMI, meniscus status
and the number of previous surgeries were approximately
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normally distributed, as assessed visually using Q—Q plots.
In case of normal distribution groups were compared using
attest.

Univariate binary logistic regression models were used
to assess the influence of baseline characteristics showing
a significant difference in group comparison ¢ tests on the
decision to perform a concomitant HTO or not. All param-
eters that showed significant influence in the univariate
assessment were included in a stepwise multivariate binary
logistic regression model. p values <0.05 were considered
statistically significant. SPSS statistics version 25 was used
to analyze the data.

The German Cartilage Registry is supported by a grant
from the “Oscar-Helene-Stiftung” and the “Arthrosehilfe
e. V.’

Results
Patient selection

From January 2014 to August 2019, 4968 datasets were
entered into the German Cartilage Registry (KnorpelReg-
ister DGOU). Only data sets of cases with a single defect
on the medial femoral condyle were included. The data
sets without a radiographic leg length X-ray were excluded
(33%). Which means that 67% of patients undergoing car-
tilage surgery with a singular defect on the medial femo-
ral condyle received an actually mandatory preoperative
full-length portrait. Furthermore, only cases with either
no accompanying surgery or an accompanying HTO were
included (see Fig. 1).

Demographic data

The demographic data and other baseline characteristics are
shown in Table 1.

Fig. 1 Case-inclusion matrix:
out of 4968, 14.8% (n=736)
have been included in the
analysis

The mean age in the cohort of patients (n="736) fulfill-
ing the inclusion criteria (see Fig. 1) was 38.95 years. It
was significantly higher in the group receiving an accom-
panying HTO (41.41+10.95 years vs. 37.83 +12.67 years,
p<0.001). 62.6% (n=461) of the patients were male
and 37.3% (n=275) were female. The quantity of female
patients was significantly lower in among patients receiv-
ing a concomitant HTO with the cartilage procedure (20.3%
vs. 45.2%, p<0.001). The mean BMI was 26.66 and was
also significantly higher in the HTO-Group (27.16 +3.82
vs. 26.43+4.01, p=0.022). 24.6% of the patients were
active smokers, 2.9% were ex-smokers and 71.3% were non-
smokers. There was no significant difference between both
groups.

Amount of varus, which is considered for indication
of concomitant high tibial osteotomy

According to the data, accompanying HTO is sometimes
performed even in a straight leg axis (see Fig. 2). The break
point where more patients receive a concomitant HTO than
no accompanying surgery is 3°. At 5° of malalignment and
more, which is also omnipresent in literature [8—11], almost
all patients receive a concomitant HTO with their cartilage
procedure.

Timing of concomitant HTO

In most of the cases, the HTO was performed single session
with the cartilage surgery (66.3%). In only 3.5% the HTO
was performed after and in 30.2% before the cartilage pro-
cedure (see Fig. 3). Bone marrow stimulation was the most
often performed procedure in a single session with the HTO
(93%). ACT was performed 67% in a single session with the
HTO, 29.4% before and 3.4% after the accompanying HTO.

All cases from Jan 2014 to Aug 2019

Defect on the medial femoral condyle

Single Defect

Full length leg portrait performed (67%)

No accompanying surgery (n=504) or HTO (n=232)
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Table 1 Baseline patient characteristics compared between the two groups of patients with and without concomitant HTO using ¢ test to assess
significant differences between the two groups

With accompanying HTO Without accompanying HTO
Factor Average Standard Deviation Average Standard Deviation p-value
Degree Varus [°] 5.61 2.727 1.72 2.383 <0.001
Defect Size [mm] 441.6 225.270 386.5 203.179 0.001
Age [Years] 41.41 10.949 37.83 12.665 <0.001
BMI 27.16 3.820 26.43 4.097 0.022
Symptom Duration [Month] 29.53 44,578 21.85 34.168 0.021
Previous Surgeries [n] 1.01 1.057 0.75 0.998 0.001
Previous Surgeries on the cartilage [n] 0.44 0.730 0.41 0.722 0.668
Gender Male Female Male Female
<0.001
79.7% 20.3% 54.8% 45.2%
Defect Stadium NA | I llla/lllb | IVa/IVb NA | Il |[1a/lb| IVa/IVb 0.014
0% 0.0% 0.0% | 37.5% | 62.5% 1.0% 0.8% 1.0%| 39.9% | 57.3%
Corresponding joint surface Intact 1°-11° Il -1v Intact 1°-11° -1V <0.001
46.1% 43.1% 10.8% 72.6% 27.2% 0.2%
Smoking Status Smoker Non-Smoker Ex-Smoker Smoker | Non-Smoker Ex-Smoker 0.077
22.0% 72.0% 6.0% 25.8% 71.2% 3.0%
Meniscusstatus intact <1/3 resected | >1/3 resected | other intact |[<1/3 resected|>1/3 resected| other <0.001
51.8% 29.6% 15.5% 3.1% 68.5% 26.1% 4.4% 1.0%
Fig.2 Number of accompany- Number of accompanying surgerys per degree leg axis misalignment
ing surgeries per degree of leg
axis malalignment. Light grey ac‘:::m?;mn;?n g
columns show the number of 100 surgerys
patients with no accompanying None
surgery and dark grey columns High Tibial Osteotomy
show patients with accompany- 80
ing high tibial osteotomy
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Parameters influencing the decision
on an accompanying HTO

There were significant differences concerning age, BMI
and gender between the group of patients receiving a con-
comitant HTO and the group of patients who did not. The
degree of varus deformity not only was significantly higher
in the HTO group (5.61 +2.73° vs. 1.72 +2.38°, p < 0.001),
but also was the defect size larger (441.6 +225.3 mm? vs,
386.5+204.2 mm?, p=0.001), the symptom duration longer
(29.53 +44.58 months vs 21.85 +34.17 months, p=0.021),
the defect stadium higher (62.5% grade IVa/IVb vs. 57.3%
grade IVa/IVb, p=0.014), the corresponding joint sur-
face more damaged (10.8% grade III-IV vs. 0.2% grade
III-IV, p <0.001), the meniscus status worse (15.5% > 1/3
resected vs. 4.4% > 1/3 resected, p <0.001) and the number
of previous surgeries significantly higher (1.01 +1.06 vs.
0.75+1.00, p=0.001). The number of previous surgeries on
the cartilage and the smoking status did not differ between
groups.

The amount auf varus deformity, the symptom duration,
the corresponding joint surface, the defect size and stadium,
as well as age, BMI, meniscus status and the number of pre-
vious surgeries were univariate predictors for a concomitant
HTO.

In stepwise multivariate binary logistic regression testing,
only the amount of varus deformity, the symptom duration
and the quality of the corresponding joint surface remain
significant predictors for a concomitant HTO with the carti-
lage procedure (see Table 2).

Discussion

Concomitant surgeries aiming on the treatment of an under-
lying pathology have become more and more important in
cartilage repair recently. This basically includes stabiliza-
tion and correction of malalignment. For correction of varus
deformities, HTO is well established as stand-alone therapy
for progressed osteoarthritis and in combination with carti-
lage repair procedures in patients with focal cartilage defects
of the medial compartment. Basic principle of the HTO is
unloading of the medial compartment and, therefore, a neu-
tralization of the overload caused by the varus deformity.

First important result of the present study was that in
patients with cartilage defects located on the medial femo-
ral condyle, the overall rate of concomitant high tibial oste-
otomy (HTO) was 46%. This is dramatically more that in
the United States, where only a small number of less than
1% of patients receive an HTO in combination with carti-
lage resurfacing techniques [14, 15] and which is considered
critically [16]. This number underlines that there is a strong
belief in the efficacy of the HTO in combination with carti-
lage repair in Germany. The efficacy of an HTO in terms of
reduction of the medial loading and clinical improvement
could be demonstrated by preclinical biomechanical studies
[17-19] as well as by clinical studies [20]. Also it could be
shown, that even if HTO is an extra-articular procedure, it
is capable to correct intra-articular varus deformity to some
extend [21]. Nevertheless, indication for adjuvant leg axis
correction remains not completely standardized.

While the goal of this study was primarily to analyze
the everyday practice in Germany based upon a nationwide
cohort of 4968 patients, it also seemed evident that many
other factors would influence the decision towards perform-
ing an HTO, which have not been found in scientific litera-
ture so far.

Table 2 Binary univariate and
multivariate regression model

Factor

Univariate regressions

Multivariate regressions

shows all the mentioned factors pvalue Exp(B) CI(95%) pvalue Exp(B) CI(5%)
as significant predictors for
performing an accompanying Degree varus [°] <0.001 1.850 1.661-2.061 <0.001 1.877 1.676-2.101
HTO, Whereas in multivar iate‘ Symptom duration [months] 0.013  1.005 1.001-1.009 0.030  1.007 1.001-1.013
regression, only the amount of Corresponding joint surface®*  <0.001  3.239 2.422-4.333 0.001  2.090 1.384-3.240
leg axis deformity, the length .
of symptom duration and the Defect size [mm)] 0.001 1.001 1.000-1.002
quality of corresponding joint Defect stadium™** 0.028 1.363 1.033-1.799
surface remain significant Age [years] <0.001 1.025 1.001-1.038
predictors BMI 0.022  1.046 1.006-1.088
Meniscus status*** <0.001 1.822 1.466-2.265
Previous surgeries [n] 0.002 1.272 1.096-1.475

*O0=intact, 1 =I°-II°, 2=completely damaged
**(0)=NA, 1 =1, 2=1I, 3=IIIa/I1IB, 4=1Va/IVb
*#¥*()=1intact, 1 <1/3 resected, 2 > 1/3 resected, 3 =other
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When talking about the increasing interest in individual-
ized medicine the identification of the underlying pathology
of a cartilage defect plays a very important role. Long-leg
AP radiographs have been well established to evaluate coro-
nary alignment of the lower limb. With regard to this, the
proportion of patients with femoral condyle defects being
treated without prior radiographic evaluation of the lower
limb alignment (33%) seems rather high—especially in the
setting of a nationwide registry including centers focusing
on cartilage repair procedures [22].

The role of accompanying surgeries has gained attention
among surgeons during the last years and the high tibial
osteotomy (HTO) for varus deformity is one of the most
common concomitant treatments in cartilage surgery. Even
though there is no scientific proof so far concerning the
amount of deformity that can be tolerated without correc-
tion and at what amount of deformity a concomitant oste-
otomy should be performed, most literature recommends
accompanying high tibial osteotomy when the underlying
varus deformity exceeds the amount of 5°. In Germany, for
reimbursement from health insurance companies, a leg axis
malalignment less than 5° is even required when performing
cartilage surgery [23], since those cases have been excluded
from authorization and high-quality studies for autologous
chondrocyte products [8§—11].

Nevertheless, many experts recommend an HTO even
for smaller amounts of varus deformity and a recent study
demonstrated superiority of combined HTO and ACI versus
ACI alone in a cohort of patients with mild varus deformity
between 2° and 4° of varus [12]. These results are in line
with German everyday practice, since a significant propor-
tion of patients in the German Cartilage Registry underwent
combined HTO and cartilage repair for deformities start-
ing at 1° or 2° of varus. In our cohort accompanying HTOs
were even performed in straight leg axis and the break point
at which more patients received an accompanying HTO by
cartilage experts was also in the range of smaller deformi-
ties (see Fig. 2). In varus malalignment greater than 3°, the
majority of surgeons performed valgisation surgery in their
patients. This shows that in actual clinical practice the com-
monly accepted edge of 5° is not present anymore, which is
one of the major findings in the present study. Seemingly
self-evident the data analysis showed that in the group of
patients undergoing concomitant HTO, the amount of varus
deformity was significantly higher (see Table 1).

Unknown until now, it became apparent, that factors other
than the amount of leg axis malalignment may influence the
decision towards performing a concomitant HTO: patients
undergoing a concomitant HTO were not only significantly
older, had a higher BMI and were more often male, they also
had a longer history of symptoms, more previous surgeries
of the treated knee (but not on the cartilage), a bigger defect
size, a worse quality of the corresponding joint surface and
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a worse meniscus status which implicates that surgeons may
be primarily influenced by the leg axis deformity but sec-
ondarily by all factors mentioned above. Interestingly the
smoking status did not play a significant role, even though it
is mentioned as a relative contraindication for HTO in litera-
ture [24]. These factors were not only highly significant in ¢
testing (Table 1) but also in the univariate regression model
(Table 2). In the multivariate regression, only the amount
of varus deformity, the symptom duration and the quality of
the corresponding joint surface remain significant predic-
tors for performing a concomitant HTO with the cartilage
procedure, since the other factors condition each other sta-
tistically. These data demonstrate that more than the amount
of varus deformity seems to influence the decision for HTO
in cartilage repair patients. The types of parameters associ-
ated significantly with concomitant HTO surgery suggest
that more complex patients with progressed diseases and
pathologies considered more complex more often receive
an HTO than more “simple” cases.

On the other hand, the question could also be why not
to perform a concomitant HTO in patients with an isolated
cartilage defect on the medial femoral condyle. The fear of
revision surgery should not be a reason, since the revision
rate after concomitant HTO (2,6%) is even a little lower than
the general revision rate after cartilage surgery (2,8%) [25].
Yet, a truly considerable reason which needs to be men-
tioned in patient consultation is the length of sick leave after
high tibial osteotomies. The time of incapacity for work is
94.5+77.0 days in average and even 155.0 £ 111 days in
patients with heavy physical strain [26]. Furthermore, high
tibial osteotomy has a relatively high complication rate
which might also be a reason why surgeons avoid this con-
comitant surgery during cartilage repair [27, 28].

Limitations of the present study were on one hand, that
the study is not fully representative since the clinics par-
ticipating in the cartilage registry are hospitals with a focus
on cartilage surgery, so more of an expert network than a
representative subset of the German orthopedic surgeons.

This analysis brought up parameters other than the
amount of varus deformity with an influence on the deci-
sion making of cartilage surgery experts towards performing
a concomitant HTO. Still, it is not taken into consideration
whether this influences patient outcome positively enough
to compensate for patients’ preoperative characteristics such
as bad meniscus status, damaged corresponding joint surface
and larger defect sizes. Furthermore, the extent of correction
of the leg axis has also not found any consideration. Both
factors need to find recognition in further studies. Another
limitation is the accuracy of the leg length X-ray which is
especially error prone in small deformities due to unbalanced
weight bearing or malrotation [29] and was not standardized
by the operating surgeon in the underlying cohort. Neverthe-
less, the overall accuracy of leg alignment measurements on
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AP radiographs seems to have limited influence on errors in
determination of the mechanical an anatomical leg axis and,
therefore, should not influence the conclusions drawn by this
study significantly [30].

Conclusion

High tibial osteotomy is a well-accepted accompanying sur-
gery in cartilage repair and is even performed in patients
with a straight leg axis. Starting from 3° varus deform-
ity more patients receive an accompanying HTO than no
accompanying surgery and it is mostly performed single
session with the cartilage surgery. This implicates that in
a network of experts in Germany the recommendation for
performing a concomitant osteotomy only in patients with
deformities lager than 5° varus seems no longer tenable.

It is clear that experts see the HTO as an important con-
comitant treatment in cartilage surgery even for small mala-
lignments and base their decision-making primarily upon
the amount of leg axis malalignment. This is why, from the
authors’ perspective, a leg length X-ray should be performed
in every cartilage repair patient. This analysis also brought
up additional factors contributing to the decision, not hav-
ing found consideration in the literature so far. This analysis
implicates that surgeons really trust on improving patient
outcome with a concomitant HTO, especially in patients
with more challenging preoperative findings. Yet, the effi-
cacy of this decision, such as the influence of the individual
factors on patient outcome, must be investigated in further
studies to prove the clinical relevance of the findings of the
present study.
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