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Clinical

Introduction

Ever since the introduction of innovative techniques for 
repair and regeneration of articular cartilage such as bone 
marrow stimulation (BMS)1 and cell transplantation tech-
niques,2 the relevance of identifying underlying pathologies 
causing the cartilage defects and their concomitant treat-
ment has been recognized with increasing interest.3-5

For cartilage defects located on the medial femoral con-
dyle (MFC) varus deformity is one of the major underlying 
pathologies leading to a significant increase of forces in the 
medial compartment.4,6 Biomechanical studies proved 
potential of high tibial osteotomy (HTO) in terms of load 
reduction in the medial compartment7 and further on the 
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Abstract
Background. Even though realignment procedures have gained popularity as concomitant techniques in cartilage repair 
approaches with underlying malalignment, the clinical efficacy has not been proven to full extent. Methods. Out of 5474 
patients from the German Cartilage Registry, 788 patients with focal cartilage defects on the medial femoral condyle having 
received either no accompanying surgery or high tibial osteotomy (HTO) were identified. After a 1:1 propensity score 
matching, outcome of 440 patients was evaluated using KOOS (Knee Injury and Osteoarthritis Outcome Score), VAS 
(visual analogue scale), and satisfaction during the 3-year follow-up. Results. Patients having received a concomitant HTO 
had significantly higher postoperative KOOS values (12 months: 67.26 ± 15.69 vs.75.10 ± 16.12, P = 0.001; 24 months: 
67.14 ± 23.85 vs. 77.11 ± 16.50, P = 0.010; 36 months: 74.40 ± 16.57 vs. 81.75 ± 14.22, P = 0.023) and lower pain levels 
(6 months: 3.43 ± 2.18 vs. 2.89 ± 2.15, P = 0.009; 12 months: 3.64 ± 2.20 vs. 2.17 ± 1.96, P < 0.001; 24 months: 4.20 
± 3.12 vs. 2.94 ± 2.45, P = 0.005; 36 months: 3.20 ± 2.18 vs. 2.02 ± 1.98, P = 0.003). One and 3 years postoperatively, 
concomitant HTO led to significantly higher satisfaction in patients. These advantages of accompanying HTO were also 
seen in the group of patients with a varus deformity of 5° or more, in which pain levels without concomitant HTO even 
increased during the 3-year follow-up. Conclusion. The results of the present study underline the importance and safety 
of concomitant HTO in patients with cartilage defects and varus deformity. HTO should therefore be considered and 
recommended generously in patients with focal cartilage defects of the medial femoral condyle and varus deformity.
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efficiency in peak pressure reduction in focal cartilage 
defects associated with varus deformity.4

Furthermore, in an analysis of more than 1,700 patients 
suffering from cartilage defects of the knee, Spahn et al.8 
were able to describe a significant correlation between 
malalignment and defect location; varus deformity was the 
most common underlying pathology for defects of the 
medial compartment.

In order to address both cartilage defect and underlying 
pathology, valgization osteotomies such as HTOs come into 
focus. An earlier study could demonstrate that there was 
significant improvement in terms of “survival” of the carti-
lage procedure even in deformities less than 5°.3 
Furthermore, in a recent analysis of patients included in the 
German Cartilage Registry (KnorpelRegister DGOU), it 
could be shown that in German-speaking countries contrib-
uting their data to this registry, there is a clear trend toward 
conducting additional HTO even in smaller deformities.9

Nevertheless, this study could not provide any data on 
clinical outcome and therefore on efficacy of combined 
osteotomy and cartilage repair procedures. Outcome analy-
sis was part of the present study, which reports a large 
patient cohort based on data from the German Cartilage 
Registry and focuses on a direct comparison of isolated car-
tilage repair versus combined realignment and cartilage 
repair in a matched cohort setting.

Methods

Data Collection

Data from the KnorpelRegister DGOU were used for the 
present analysis. The KnorpelRegister DGOU is an obser-
vational, nation-wide, and longitudinal multicenter registry 
of patients assigned for surgical treatment of cartilage 
defects of the knee and aims to determine real-life treatment 
patterns and clinical outcomes. The registry was initiated by 
the Working Group Clinical Tissue Regeneration of the 
German Society for Orthopedics and Trauma (DGOU) in 
2013. Since then, the number of sites has increased to 120. 
The 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 older who meet the fol-
lowing criteria are eligible to take part in the German 
Cartilage 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 
email address.

Until February 2020, 5474 patients assigned for surgical 
treatment of cartilage defects of the knee had been included 
in the registry.

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 var-
ious languages and validated according to GAMP 5. 
Furthermore, it fulfills 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 patient signs the written informed consent the 
investigator is allowed to register the patient to the data-
base. Patient- and defect-specific parameters are reported 
by the treating physician at the time of surgery.

Patient satisfaction is evaluated by a 4-item score (not 
satisfied, partially satisfied, satisfied, very satisfied) at every 
follow-up point (6, 12, 24, and 36 months postoperatively).

Functional outcome was assessed by visual analogue 
scale (VAS) and Knee Injury and Osteoarthritis Outcome 
Score (KOOS) score at 0 months (preoperatively) and after 
6, 12, 24, and 36 months postoperatively.

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

Data Selection

For the present study, only cases with isolated focal defects 
of the MFC in patients with existing leg-length x-rays hav-
ing received either no accompanying surgery (group carti-
lage repair [CR]) or an accompanying HTO (group CR/
HTO) were analyzed (n = 788) (Fig. 1).

Propensity Score Matching and Statistical 
Analysis

To reduce the bias resulting from the nonrandomized nature 
of the present analysis and to enhance comparability 
between the 2 treatment groups (without accompanying 
HTO [group CR] vs. accompanying surgery [group CR/
HTO]), a 1:1 propensity score matching with replacement 
was performed with the built-in Propensity-Score plug-in of 
the SPSS V.26 software. Patients were matched by propen-
sity score based on age, gender, leg axis (based on the hip-
knee-angle), size of defect, duration of symptoms and 
previous operations on the joint. After matching with a tol-
erance of 0.006, a total of 220 patients with accompanying 
HTO were matched to 220 patients without accompanying 
surgery with similar patient characteristics.

Chi-square test was used to compare categorial variables 
and unpaired t test to compare continuous variables. Normal 



1208S	 Cartilage 13(Suppl 1)

distribution was assessed visually by using Q-Q-plots. P 
values <0.05 were considered statistically significant. 
SPSS statistics version 26 was used to analyze the data.

Results

Patient Characteristics

The preoperative patient characteristics of the cohort of 
patients with isolated focal chondral defects of the MFC 
and preoperative leg-length x-ray are shown in Table 1. A 
total of 788 patients fulfilling the aforementioned criteria 
could be identified. Group CR/HTO consisted of 250 
patients (31.7%) while 538 (68.3%) patients were included 
in group CR. The patients in the CR/HTO group were older, 
had larger cartilage defects, longer symptom duration, more 
previous surgeries to the joint, were more often male, had a 
worse meniscus status and a more severely injured corre-
sponding joint surface in accordance with higher degrees of 
malalignment in terms of varus deformity. Since these pre-
operative baseline characteristics could affect the postoper-
ative outcome a 1:1 nearest neighbor propensity score 
matching was conducted to reduce the bias in evaluating the 

best practice in patients with varus deformity and chondral 
defects of the MFC.

After matching, 220 couples (440 patients) were identi-
fied. The baseline characteristics of the matched cohort 
without any significant characteristics beyond the matched 
variables are shown in Table 2. Since the categoric vari-
ables could not be matched, the corresponding joint surface 
and the defect stadium remained higher in the group of 
patients who received an accompanying HTO.

Type of Cartilage Treatment

While the majority of patients received autologous chon-
drocyte implantation (ACI) as cartilage regenerative ther-
apy, most patients with accompanying HTO were treated by 
BMS (5.1% vs. 19.4%) (Table 3).

Overall Outcome

KOOS.  Patients in the CR/HTO group had significantly 
higher postoperative KOOS values from 12 to 36 months 
postoperatively (12 months: 67.26 ± 15.69 vs. 75.10 ± 
16.12, P = 0.001; 24 months: 67.14 ± 23.85 vs. 77.11 ± 

Figure 1.  Selection process of patients included in the underlying analysis.
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16.50, P = 0.010; 36 months: 74.40 ± 16.57 vs. 81.75 ± 
14.22, P = 0.023) (see Table 4 and Fig. 2). The preopera-
tive KOOS was also significantly higher in the CR/HTO 
group (49.62 ± 15.38 vs. 54.97 ± 18.78, P = 0.010). Val-
ues from patients without accompanying HTO are always 
mentioned first according to the provided tables.

Pain.  Throughout the whole follow-up period, higher pain 
scores were reported by patients who received the cartilage 
treatment without concomitant surgery even though preop-
erative pain scores were equal in both groups (3.76 ± 2.38 
vs. 3.99 ± 2.38, P = 0.078) (see Table 4). HTO reduced 
postoperative pain scores significantly (VAS at 6 months: 
3.43 ± 2.18 vs. 2.89 ± 2.15, P = 0.009; VAS at 12 months: 
3.64 ± 2.20 vs. 2.17 ± 19.6, P < 0.001; VAS at 24 months: 
4.20 ± 3.12 vs. 2.94 ± 2.45, P = 0.005; VAS at 36 months: 
3.20 ± 2.18 vs. 2.02 ± 1.98, P = 0.003).

Satisfaction.  While patients in the CR group initially 
(6-month follow-up [FU6]) reported higher satisfaction 
rates (0.0% not satisfied, 20.2% partially satisfied, 51.0% 
satisfied, 28,8% very satisfied vs. 6.8% not satisfied, 28.8% 
partially satisfied 42.4% satisfied, 22.0% very satisfied, P 
= 0.013), these findings reversed at 1 year (2.7% not satis-
fied, 42.7% partially satisfied, 34.7% satisfied, 20.0% very 
satisfied vs. 3.7% not satisfied, 23.1% partially satisfied 
46.3% satisfied, 26.9% very satisfied, P = 0.049) FU and 
persisted even after 3 years (0.0% not satisfied, 19.6% par-
tially satisfied, 63.0% satisfied, 17.4% very satisfied vs. 
6,7% not satisfied, 8.9% partially satisfied 44.4% satisfied, 

40.0% very satisfied, P = 0.015), whereas patients in the 
CR/HTO group reported higher satisfaction scores 6, 12, 
and 36 months after the operation (see Table 4).

Outcome in Dependence of Amount of Varus 
Deformity

To compare outcome in patients with varus deformity <5° 
(group A) and those with ≥5° (group B) 2 separate groups 
were established out of our propensity score–matched 
cohort of 440 patients. Group A consisted of 106 patients 
and group B of 334. The patient characteristics of both 
groups vary regarding positive and negative outcome pre-
dicting factors (see Table 5).

In group, A no significant difference in terms of improved 
KOOS, VAS, or satisfaction could be observed between 
patients having received a concomitant HTO and those who 
had not (Table 6).

In group B, HTO led to a significantly improved KOOS 
score throughout the whole follow-up period (Table 6). 
Average preoperative pain score was equal between patients 
with and without accompanying HTO in group B but post-
operatively patients having received an accompanying 
HTO had significant less pain than those who had not 
(Table 6). In group B patients who did now undergo con-
comitant HTO showed increased pain levels from preopera-
tive up to 2 years postoperatively; at the 3-year FU, the 
average pain score sank below preoperative values for the 
first time. The pain score in patients with accompanying 
HTO was below preoperative levels throughout the whole 

Table 1.  Baseline Patient Characteristics of All Patients Fulfilling the Inclusion Criteria (see Fig. 1) before Matching.a

CR CR/HTO

P  Mean Standard Deviation Mean Standard Deviation

Degree varus, deg 1.76 2.38 5.65 2.79 <0.01
Defect size, mm 384.7 204.74 437.71 221.93 0.01
Age, y 37.88 12.59 41.37 11.03 <0.01
Symptom duration, mo 21.04 33.34 28.56 43.33 0.016
Previous surgeries, n 0.74 0.98 1.02 1.05 <0.01
Previous surgeries on the 

cartilage, n
0.41 0.712 0.43 0.732 0.725

Gender Male Female Male Female <0.01
53.90% 46.10% 79.6% 20.40%

Defect stadium NA I II IIIa/IIIb IVa/IVb NA I II IIIa/IIIb IVa/IVb 0.254
0.90% 0.70% 0.90% 39.20% 58.20% 0.40% 0.00% 0.00% 37.60% 62.00%

Corresponding joint 
surface

Intact I°-II° III-IV Intact I°-II° III-IV <0.01
71.90% 27.80% 0.30% 46.00% 44.00% 10.00%

Smoking status Smoker Nonsmoker Ex-smoker Smoker Nonsmoker Ex-smoker 0.125
25.30% 71.50% 3.20% 22.00% 72.00% 6%

Meniscus status Intact <1/3 
resected

>1/3 resected Other Intact <1/3 resected >1/3 resected Other <0.01

68.60% 26.00% 4.40% 1.00% 51.60% 28.70% 16.80% 2.90%

CR = cartilage repair; HTO = high tibial osteotomy; NA = not applicable.
aSignificantly differing values are in boldface.
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follow-up period and was reduced by 51.7% compared with 
preoperative values 3 years after surgery.

Regarding subjective satisfaction rates, a high number of 
patients in all 4 groups were apparently unsatisfied after 2 
years FU (group A: without HTO 10.5%, with HTO 8.7%; 
group B: without HTO 12.5%, with HTO 16.9%). Patients 
in group B without HTO were significantly more satisfied 
initially (FU 6 months, P = 0.040), while reversed results 
were seen at one and 3 years were HTO led to significantly 
higher subjective satisfaction rates (FU 12 months, P = 
0.001; FU 36 months, P = 0.006).

Nonetheless, the absolute share of “not satisfied” patients 
with leg axis ≥5° is larger after receiving accompanying 

HTO, while the overall satisfaction rate is higher (36 
months: 11.4% vs. 41.2% “very satisfied,” P = 0.006).

Discussion

This is the first study presenting large cohort data after HTO 
and cartilage versus cartilage repair alone in patients with 
cartilage defect of the medial compartment of the knee. In 
contrast to earlier studies,10,11 this study was initiated to not 
only compare event-free survival but also functional out-
come after combined HTO and CR versus isolated CR in a 
large cohort of patients with focal cartilage defects of the 
medial compartment of the knee.

Table 2.  Baseline Patient Characteristics after Matching.a

CR CR/HTO

P  Mean Standard Deviation Mean Standard Deviation

Degree varus, deg 5,80 3.52 5.64 2.8 0.59
Defect Size, mm 421.67 242.75 427.59 214.09 0.78
Age, y 42.80 11.89 41.95 11.01 0.44
Symptom duration, 

mo
22.63 42.88 28.85 44.7 0.13

Previous surgeries, n 0.98 1.01 1.01 1.06 0.78
Previous surgeries 

on the cartilage, n
0.37 0.57 0.41 0.71 0.46

Gender Male Female Male Female 0.123
71.80% 28.20% 78.20% 21.80%

Unmatched factors
  Defect stadium NA I II IIIa/IIIb IVa/IVb NA I II IIIa/IIIb IVa/IVb 0.025

0.00% 0.00% 2.30% 45.00% 52.70% 0.50% 0.00% 0.00% 37.30% 62.30%
  Corresponding 

joint surface
Intact I°-II° III-IV Intact I°-II° III-IV <0.01

52.13% 47.87% 0% 44.00% 45.50% 10.50%
  Smoking status Smoker Nonsmoker Ex-smoker Smoker Nonsmoker Ex-smoker 0.783

20.40% 72.70% 6.90% 22.70% 71.40% 5.90%
  Meniscus status Intact <1/3 resected >1/3 resected Other Intact <1/3 resected >1/3 resected Other 0.058

47.20% 40.00% 11.40% 1.40% 51.60% 28.80% 17.30% 2.30%

CR = cartilage repair; HTO = high tibial osteotomy; NA = not applicable.
aCategorial variables remained unmatched. Significantly differing values are in boldface.

Table 3. T ype of Cartilage Treatment in Groups with and without Accompanying HTO.

CR CR/HTO

  Number Percentage Number Percentage

Drilling 0 0.0 0 0.0
BMS 11 5.1 42 19.4
OCT 9 4.1 4 1.8
ACI 76 35.0 82 37.8
ACI and Spongiosa 30 13.8 38 17.5
Matrix-BMS 8 3.7 10 4.6
Debridement 11 5.1 10 4.6
Other 58 26.7 24 11.1
Multiple therapies 14 6.5 7 3.2

CR = cartilage repair; HTO = high tibial osteotomy; ACI = autologous chondrocyte implantation; BMS = bone marrow stimulation; OCT = 
osteochondral transplantation.
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Table 4.  Outcome Measures (KOOS, VAS, and Satisfaction) of Patients With Isolated CR Compared to Those with CR and 
Accompanying HTO (CR/HTO).a

CR CR/HTO

P  Mean Standard Deviation Mean Standard Deviation

KOOS—0M 49.62 15.38 54.97 18.78 0.010
KOOS—6M 60.06 16.74 66.28 17.40 0.080
KOOS—12M 67.26 15.69 75.10 16.13 0.001
KOOS—24M 67.14 23.85 77.11 16.50 0.010
KOOS—36M 74.40 16.57 81.75 14.22 0.023
VAS—Preoperative 3.76 2.38 3.99 2.38 0.078
VAS—FU6 3.43 2.18 2.89 2.15 0.009
VAS—FU12 3.64 2.20 2.17 1.95 <0.001
VAS—FU24 4.20 3.12 2.94 2.45 0.005
VAS—FU36 3.20 2.18 2.02 1.98 0.003

 
Not 

Satisfied
Partially 
Satisfied Satisfied

Very 
Satisfied

Not 
Satisfied

Partially 
Satisfied Satisfied

Very 
Satisfied P

Satisfaction—FU6 0.0% 20.2% 51.0% 28.8% 6.8% 28.8% 42.4% 22.0% 0.013
Satisfaction—FU12 2.7% 42.7% 34.7% 20.0% 3.7% 23.1% 46.3% 26.9% 0.049
Satisfaction—FU24 11.8% 43.1% 19.6% 25.5% 14.6% 23.2% 35.4% 26.8% 0.074
Satisfaction—FU36 0.0% 19.6% 63.0% 17.4% 6.7% 8.9% 44.4% 40.0% 0.015

CR = cartilage repair; HTO = high tibial osteotomy; KOOS = Knee Injury and Osteoarthritis Outcome Score; VAS = visual analogue scale; FU = 
follow-up.
aSignificantly differing values are in boldface.

Figure 2.  Outcome (Knee Injury and Osteoarthritis Outcome Score [KOOS]) of patients with cartilage repair (CR) alone compared 
to patients with concomitant HTO (CR/HTO) preoperative (light gray—left), as well as 6, 12, 24 and 36 (dark gray—right) months 
postoperatively.
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Despite the large number of patients involved in this 
study, patients with cartilage defects of the knee represent a 
heterogenous cohort in terms of concomitant pathologies 
and in many scientific reports there is no reliable discrimi-
nation between patients with focal cartilage defects and 
early or even progressed osteoarthritis.10-12 This is of 
extraordinary importance since osteoarthritis is still the 
most relevant contraindication for any type of cartilage 
repair. Moreover, various factors, including not only integ-
rity of the corresponding joint surface, meniscus status, 
duration of symptoms, and gender but also defect size and 
several other parameters can influence clinical outcome fol-
lowing different types of cartilage repair. For this purpose, 
in the present study a 1:1 nearest neighbor propensity score 
matched cohort of 440 patients from the German Cartilage 
Registry was analyzed in order to evaluate the effect of con-
comitant HTO to the best possible degree.

In the unmatched cohort, patients who received the car-
tilage surgery alone were younger, had smaller defects, a 
shorter duration of symptoms, less previous surgeries to 
the joint, were more often female, had a better meniscus 
status and a less severely injured corresponding joint sur-
face and a lower amount of leg axis malalignment (Table 
1).8 As a consequence, it was necessary to even out those 
differences before conducting an elaborate analysis (Table 
1). After the matching process, mean values of age, defect 
size, symptom duration, number of previous surgeries to 
the joint and the cartilage defect, degree of leg axis 
malalignment, and sex distribution were equal in the groups 
of patients with and without concomitant HTO (Table 2). 

Categorial variables (defect stadium and corresponding 
joint surface integrity) remained unmatched, since catego-
rial variables with more than 2 values are not covered well 
by the propensity score. This leads to a more integer cor-
responding joint surface and a lower defect stadium in 
patients without accompanying HTO. These 2 factors need 
to be discussed when interpreting outcome parameters of 
the 2 analyzed patient groups (with vs. without HTO).13 
Nevertheless, the matching process led to a homogenous 
distribution of various parameters with potential effect on 
functional outcome.

Based on the analysis of the 440 propensity score 
matched patients involved in the present study, major find-
ings were that concomitant HTO leads to significantly 
higher KOOS values and lower pain scores 1, 2, and 3 years 
postoperatively (Table 4). In patients with a cartilage defect 
of the medial femoral condyle having undergone isolated 
cartilage procedure, the mean pain level 2 years after the 
intervention even increased compared to preoperative lev-
els, whereas concomitant HTO led to consistently lower 
postoperative pain levels. Moreover, an accompanying 
HTO led to more satisfied patients 1 and 3 years after the 
intervention (Table 4). The rate of reinterventions was 
equal in both groups. In the cohort with a leg axis of 5° 
varus and more similar results as in the overall cohort in 
terms of better KOOS, lower pain, and higher patient satis-
faction in patients with concomitant HTO could be shown. 
Even in the cohort of patients with deformities of less than 
5° improved functional outcome could be demonstrated, 
however not significantly better compared to patients 

Table 5.  Baseline Characteristics of Patients with <5° Varus and Patients with ≥5° Varus within the Cohort of 440 Patients.

Leg Axis <5° (Group A) Leg Axis ≥5° (Group B)

  Mean Standard Deviation Mean Standard Deviation

Degree varus, deg 2.08 1.01 6.88 2.73
Defect size, mm 472.57 245.83 409.42 221.12
Age, y 39.26 11.66 43.36 11.23
Symptom duration, mo 35.78 55.66 22.55 38.95
Previous surgeries, n 1.31 1.11 0.90 1.00
Previous surgeries on 

the cartilage, n
0.48 0.80 0.36 0.60

Gender Male Female Male Female
85.8% 14.2% 71.6% 28.4%

Defect stadium NA I II IIIa/IIIb IVa/IVb NA I II IIIa/IIIb IVa/IVb
0.0% 0.0% 0.0% 27.4% 72.6% 2.1% 0.0% 1.5% 45.5% 52,7%

Corresponding joint 
surface

Intact I°-II° III-IV Intact I°-II° III-IV
57.5% 41.5% 0.9% 44.9% 48.3% 6.8%

Smoking status Smoker Nonsmoker Ex-smoker Smoker Nonsmoker Ex-smoker
20.6% 71.6% 7.8% 21.9% 72.2% 6.0%

Meniscus status Intact <1/3 resected >1/3 resected Other Intact <1/3 resected >1/3 resected Other
61.9% 32.4% 5.7% 1.0% 45.8% 35.2% 17.0% 2.1%

NA = not applicable.
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without accompanying HTO (Table 6). Interestingly, 2 
years postoperatively in all groups (CR, CR/HTO, groups A 
and B) the worst results regarding pain and satisfaction 
could be shown, even though KOOS did not show poor 
results at 24 months (Tables 4 and 6). This finding is diffi-
cult to put into context and lacks a well-founded 
explanation.

Although the effect and necessity of concomitant oste-
otomy in cartilage repair has been generally accepted, it has 
never been shown so clearly in terms of improved func-
tional outcome. Nevertheless, these results are in line with 
earlier studies (in vitro and in vivo) that suggest positive 
effects of unloading on regeneration of cartilage and the 
opposite for malalignment resulting in an overload and 
asymmetric load of the joint. Progression of untreated carti-
lage defects could be also shown in vitro and in vivo,14,15 
probably resulting from the fact that the contact pressure 
concentrates around the rims of cartilage defects,4 Especially 
in patients with varus malalignment, which is a proven risk 
factor for cartilage lesions of the medial compartment,8 the 
underlying pathology needs to be addressed when cartilage 
repair is carried out to prevent further degeneration.16 High 
tibial osteotomy with at least 50% release of the medial col-
lateral ligament leads to reduced pressure in the medial 
compartment and on the preexisting cartilage defect.4,7

Good results of HTO combined with cartilage repair 
have been shown in terms of pain and patient-reported out-
come measures, and HTO has proven feasible and safe.17-21 
The present analysis supports this data. A recent systematic 
review depicted almost 100% return to work rates after ACI 
plus HTO whereas a significantly less number of patients 
(51.78%) returned to their former work activity after osteo-
chondral allograft transplantation.22 HTO in combination 
with ACI also led to the shortest return to work time (3.15 
months) compared to ACI alone (3.34 months) and osteo-
chondral allograft (11.1 months). Multiple studies and even 
systematic reviews and meta-analyses on the effect of high 
tibial osteotomy with a concomitant “cartilage procedure” in 
osteoarthritic knees compared with HTO alone exist,11,23-27 
but literature about cartilage procedures with versus without 
concomitant high tibial osteotomy in patients with focal car-
tilage defects is sparse. Here the difference between focal 
cartilage defects and osteoarthritis needs to be emphasized. 
Whereas the average age of the described patients in the 
studies comparing HTO to HTO with concomitant “carti-
lage procedures” is between 50 and 64 years,11 the average 
age in the German Cartilage Registry is 37.26 ± 12.53 and 
in our matched cohort 42.38 ± 11.46 years. Multiple stud-
ies have dealt with the question of survivorship and revision 
free survival of high tibial osteotomies in the treatment of 
osteoarthritis of the knee.10,12,28 The mean patient age 
between 50 and 54 years needs to be considered here. To 
date, publications dealing with the question of functional 
outcome of concomitant HTO in a cohort of young patients 

with focal cartilage defects of the knee are lacking. Also, 
concerning what degree of deformity requires a correction 
of varus malalignment, a limit of 5° became common 
sense29-32 without any scientific evidence. In patients with 
cartilage defects of the medial femoral condyle and varus 
deformity of <5° who received concomitant HTO with ACI 
lower failure rates (2/19 vs. 10/24) were observed com-
pared with patients who received ACI alone.3 Even though 
this 5° limit seems to be outdated and the trend goes toward 
performing HTO even in less severe leg axis deformities,9 
there has neither been any supporting scientific evidence 
until now, nor have data concerning functional outcome of 
cartilage repair accompanying HTO in large cohorts been 
published.

In the overall cohort with a mean varus deformity of 5.80 
± 3.52 (CR) and 5.64 ± 2.80 (CR/HTO) degrees, respec-
tively, the benefit of a concomitant HTO in terms of KOOS, 
pain, and patient satisfaction could be shown even though 
patients who received the cartilage procedure alone had a 
more integer corresponding joint surface and a less severe 
defect stadium. This benefit was also shown in patients with 
a varus deformity of 5° or more. In patients with a varus 
deformity of less than 5°, the superiority of concomitant 
HTO in terms of functional outcome could not be shown 
during a 3-year follow-up, confirming the results of Bode 
et al.3 This advantage of a concomitant HTO was shown, 
even though patients in the CR/HTO group had a less inte-
ger corresponding joint surface, a higher defect size, and 
underwent more often microfracture compared to the group 
of patients who received the cartilage procedure alone. The 
type of cartilage treatment was not die primary aim the 
present study and therefore it has not been included in the 
propensity matching, nevertheless it might influence out-
come. Interestingly. the CR/HTO group BMS was used 
more frequently (19.4% vs. 5.1%) (Table 3). According to 
multiple studies,29,33,34 BMS seems inferior, even though the 
CR/HTO showed better outcomes. Therefore, the inferior-
ity of quality of cartilage repair in the CR/HTO group and 
the better results respectively might even strengthen the 
results of the present study.

Even though this study was conducted on a large cohort 
of patients, it was not possible to carry out a reliable gradu-
ally outcome analysis. In further studies, an exact angle at 
which patient outcome improves significantly from an 
accompanying high tibial osteotomy should be determined.

Limitations

This study shows several limitations. First of all, due to the 
fact that this study was based on registry data, input errors 
from patient and doctor side cannot be ruled out. Second, 
there has been no information on the type of performed val-
gisating tibial osteotomy; whether opening or closing 
wedge osteotomy was performed. In the biggest centers 
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entering data in the registry, opening wedge osteotomy is 
performed almost exclusively. As a third limitation it must 
be mentioned that no information about the amount of cor-
rection can be made, since this information is not part of the 
Cartilage Registry. Fourth, propensity score matching has 
some limitations; the covariates chosen for matching may 
not be all the confounders affecting the outcome signifi-
cantly. Influencing covariates might be overseen or not 
even asked for. So hidden bias due to latent variables may 
remain after matching.

Conclusion

Concomitant HTO results in better postoperative KOOS 
values, lower pain levels, and a higher patient satisfaction 
compared with the cartilage procedure alone in a propensity 
score–matched cohort. Even greater data sets with longer 
follow-up durations are needed to carry out a gradually out-
come analysis to distinguish a scientific limit of varus 
deformity where valgization osteotomies accompanying 
cartilage repair are indicated to improve patient outcome. 
From a clinical point of view, this article underlines the 
importance of concomitant HTO in patients with cartilage 
defects and varus deformity and based on the results of the 
study, HTO should be considered and recommended gener-
ously in these patients.
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