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Background: The extent to which concomitant osteotomy provides an improvement in clinical outcomes after cartilage repair
procedures is unclear.

Purpose: To review the existing literature to compare clinical outcomes of patients undergoing cartilage repair of the tibiofemoral
joint with versus without concomitant osteotomy.

Study Design: Systematic review; Level of evidence, 4.

Methods: A systematic review was conducted according to the PRISMA (Preferred Reporting Items for Systematic Reviews and
Meta-Analyses) guidelines by searching PubMed, the Cochrane Library, and Embase to identify studies that directly compared
outcomes between cartilage repair of the tibiofemoral joint alone (group A) versus cartilage repair with concomitant osteotomy
(high tibial osteotomy [HTO] or distal femoral osteotomy [DFO]) (group B). Studies on cartilage repair of the patellofemoral joint
were excluded. The search terms used were as follows: osteotomy AND knee AND (“autologous chondrocyte” OR “osteochondral
autograft” OR “osteochondral allograft” OR microfracture). Outcomes in groups A and B were compared based on reoperation
rate, complication rate, procedure payments, and patient-reported outcomes (Knee injury and Osteoarthritis Outcome Score
[KOOS], visual analog scale [VAS] for pain, satisfaction, and WOMAC).

Results: Included in the review were 5 studies (1 level 2 study, 2 level 3 studies, 2 level 4 studies) with 1747 patients in group A and
520 patients in group B. The mean patient ages were 34.7 and 37.5 years in groups A and B, respectively, and the mean lesion sizes
were 4.0 and 4.5 cm2, respectively. The mean follow-up time was 44.6 months. The most common lesion location was the medial
femoral condyle (n ¼ 999). Preoperative alignment averaged 1.8� and 5.5� of varus in groups A and B, respectively. One study
found significant differences between groups in KOOS, VAS, and satisfaction, favoring group B. The reoperation rates were 47.4%
and 17.3% in groups A and B, respectively (P < .0001).

Conclusion: Patients undergoing cartilage repair of the tibiofemoral joint with concomitant osteotomy might be expected to
experience greater improvement in clinical outcomes with a lower reoperation rate compared with those undergoing cartilage
repair alone. Surgeons preparing for cartilage procedures of the knee joint should pay particular attention to preoperative mala-
lignment of the lower extremity to optimize outcomes.
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Focal chondral defects of the knee joint are a common cause
of musculoskeletal morbidity, with a prevalence of more
than 60% in patients undergoing knee arthroscopy.13 If
nonoperative management fails, patients may undergo a
variety of surgical options to treat cartilage lesions.8

Despite the satisfactory results demonstrated by these pro-
cedures, patients may not do well. One study14 found a

failure rate of 18.5% in patients undergoing autologous
chondrocyte implantation (ACI) and 17.1% in patients
undergoing microfracture during an average follow-up
of 7 years.

Various factors influence the cartilage regeneration
potential that are patient-specific or specific to the native
knee joint. In addition to the isolated cartilage defect, other
factors such as meniscal status, ligamentous instability
(mainly the anterior cruciate ligament [ACL]), and lower
extremity malalignment should be considered. If all possi-
ble influential factors are not corrected, patient outcomes
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may be compromised or treatment with cartilage restora-
tion may fail.15 Osteotomies, including high tibial osteot-
omy (HTO) and distal femoral osteotomy (DFO), can reduce
contact pressure on the implanted graft, normalize
mechanics, and significantly unload the affected compart-
ment of the knee, contributing to improved clinical out-
comes and superior graft survivorship.6 Despite some
studies examining the effects of cartilage repair with or
without osteotomy,16,17,26 the extent to which concomitant
osteotomy provides an improvement in clinical outcomes
after cartilage restoration procedures is unclear.

The purpose of this systematic review was to compare
clinical outcomes of patients undergoing cartilage repair
of the tibiofemoral joint with versus without concomitant
osteotomy. The authors hypothesized that patients under-
going combined cartilage repair and realignment would
have superior clinical outcomes versus cartilage repair
alone.

METHODS

This systematic review was conducted according to the
PRISMA (Preferred Reporting Items for Systematic
Reviews and Meta-Analyses) guidelines using a PRISMA
checklist. Two independent reviewers (J.D., S.M.F.)
searched PubMed, Embase, and the Cochrane Library from
inception up to May 9, 2022. The electronic search strategy
used was as follows: osteotomy AND knee AND (“autologous
chondrocyte” OR “osteochondral autograft” OR “osteochondral
allograft” OR microfracture). A total of 586 studies were
reviewed by title and/or abstract to determine study eligi-
bility based on inclusion criteria. Furthermore, reference
lists for studies that met inclusion criteria were reviewed to
see if any further studies were identified that met inclusion
criteria. In cases of disagreement, a third reviewer (M.J.K.)
made the final decision.

Inclusion criteria included clinical studies that directly
compared outcomes between cartilage repair of the tibiofe-
moral joint alone versus cartilage repair of the tibiofemoral
joint with concomitant osteotomy (HTO or DFO). Studies
were excluded if they were nonhuman studies, studies
unrelated to the knee, noncomparative studies, and
studies that evaluated cartilage repair/osteotomy of the
patellofemoral joint.

Data extraction from each study was performed indepen-
dently and then reviewed by a second author (M.J.K.).
There was no need for funding or a third party to obtain
any of the collected data. Risk of bias was assessed accord-
ing to the ROBINS-I (Risk of Bias in Nonrandomized Stud-
ies of Interventions) risk of bias tool,23 which incorporates
an assessment of bias due to confounding, selection of par-
ticipants, deviations from intended interventions, com-
pleteness of outcome data, selection of outcomes reported,
and other sources of bias. The level of intraobserver agree-
ment between reviewers was determined by calculating the
Cohen kappa (k), in which a value <0.20 indicates poor
agreement; 0.21 to 0.40, fair agreement; 0.41 to 0.60, mod-
erate agreement; 0.61 to 0.80, good agreement; 0.81 to 1.00,
very good agreement.18

Reporting Outcomes

Outcomes assessed included patient-reported outcomes
(PROs), reoperation rate, complication rate, and proce-
dure payments. PROs included the Knee injury and Oste-
oarthritis Outcome Score (KOOS),22 the visual analog
scale (VAS) for pain, satisfaction, and the Western Ontario
and McMaster Universities Osteoarthritis Index
(WOMAC).21 Satisfaction was measured by 1 study10 by
a 4-item score (not satisfied, partially satisfied, satisfied,
or very satisfied).

Study Methodology Assessment

The Modified Coleman Methodology Score (MCMS)9 was
used to evaluate study methodology quality. The MCMS
has a scaled potential score ranging from 0 to 100. Scores
ranging from 85 to 100 are excellent; 70 to 84, good; 55 to
69, fair; and <55, poor. The primary outcomes assessed by
the MCMS are study size and type, follow-up time, attrition
rates, number of interventions per group, and proper
description of study methodology.

Statistical Analysis

A weighted average was calculated for numerical charac-
teristics (age, follow-up, sex, body mass index [BMI], and
lesion size).
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RESULTS

Five studies1,4,7,10,19 met the inclusion criteria and were
included in the systematic review (Figure 1). A total of
2267 patients were included across the studies: 1747
patients underwent cartilage repair alone (group A) and
520 patients underwent cartilage repair with concomitant
osteotomy (group B). The mean patient ages in groups A
and B averaged 34.7 and 37.5 years, respectively, and the
mean lesion sizes were 4.0 and 4.5 cm2, respectively. The
mean follow-up time was 44.6 months. The average BMI
was 27.0, and 53.2% of patients were men (Table 1). A total
of 358 patients underwent HTO and 3 patients underwent
DFO (Table 2). The 2 most common cartilage procedures
were ACI (n ¼ 883, 39.0%) and osteochondral allograft
transplantation (n ¼ 765, 33.7%). The preoperative

alignment, which was reported in only 2 studies, averaged
1.8� and 5.5� of varus in groups A and B, respectively. The
most common lesion location was the medial femoral con-
dyle (n ¼ 999, 44.1%).

Patient-Reported Outcomes

Two studies4,10 reported results of the KOOS. In 1 study,10

patients in group B had a significantly higher postoperative
KOOS (81.75 ± 14.22) compared with patients in group A
(74.40 ± 16.57) at the final follow-up (P ¼ .02). In the other
study,4 no significant differences were found between
groups at the final follow-up (P> .05). WOMAC scores were
reported in 1 study,4 with no significant differences
between the 2 groups at the final follow-up (P > .05). VAS
pain scores were reported in 1 study,10 with significantly

Figure 1. Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) flowchart.

TABLE 1
Characteristics of the Included Studiesa

Study (Year) LOE No. of Knees Mean Patient Age, y Mean Follow-up, mo Mean BMI Male, %

Bode et al (2013)4 2 Group A: 24
Group B: 19

Group A: 38.3
Group B: 40.2

71.9 24.6 NR

Calcei et al (2021)7 3 Group A: 954
Group B: 159

Group A: 31.9
Group B: 31.9

39.2 NR 47.4

Faber et al (2021)10 3 Group A: 538
Group B: 250

Group A: 37.9
Group B: 41.4

36.0 NR 62.0

Ackermann et al (2020)1 4 Group A: 127
Group B: 41

Group A: 35.9
Group B: 36.0

NR 27.9 50.0

Minas et al (2014)19 4 Group A: 104
Group B: 51

NR 144.0 26.7 53.8

Totalb — Group A: 1747
Group B: 520

Group A: 34.3
Group B: 37.7

44.6 27.0 53.2

aGroup A ¼ cartilage repair alone. Group B ¼ cartilage repair with osteotomy. LOE, level of evidence; NR, not reported.
bReported as weighted means.
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lower scores for patients in group B (2.02 ± 1.98) compared
with group A (3.20 ± 2.18) at the final follow-up (P ¼ .003).
Satisfaction was reported in 1 study,10 and results indi-
cated a significantly higher level of satisfaction in group
B compared with group A at the final follow-up (P ¼ .015).

Reoperation Rate

Three studies4,7,19 assessed reoperation rate at the final
follow-up (Table 3). In 1 study,4 revision surgery was indi-
cated in patients with persistent pain related to the implant
site in combination with sign of ACI graft failure or ACI graft
complication on magnetic resonance imaging (MRI). In
another study,19 revision was performed in cases of graft fail-
urewithpartialkneearthroplasty, total kneearthroplasty, or
revision cartilage repair. All 3 studies found significant dif-
ferences between groups, favoring group B. One study7 found
no significant differences between groups A and B with
regard to rate of conversion to arthroplasty (P ¼ .68).

Complication Rate

One study7 reported complication rates and found no sig-
nificant differences between ACI alone (3.0%) versus ACI

with concomitant osteotomy (4.5%) (P¼ .52) and OCA alone
(2.5%) versus OCA with concomitant osteotomy (3.3%) at
the final follow-up (P ¼ .69).

Procedure Payments

One study7 reported total day of surgery payments and
found no significant differences between ACI alone versus
ACI with concomitant osteotomy (P ¼ .22) and OCA alone
versus OCA with concomitant osteotomy (P ¼ .13).

Modified Coleman Methodology Score

Table 4 shows the MCMS scores from the 5 included stud-
ies. One study19 received an excellent score. Three stud-
ies1,4,10 received a good score. One study7 received a fair
score.

Methodologic Quality Assessment

The results of the methodologic quality assessment of the 5
nonrandomized studies using the ROBINS-I risk of bias
tool are presented in Figure 2. All 5 studies1,4,7,10,19 showed
a moderate risk of bias due to confounding, as there were no

TABLE 2
Cartilage Lesion Characteristicsa

Study (Year)
Mean Defect

Size, cm2
Mean Preoperative

Alignment, deg
Lesion

Location Type of Osteotomy Type of Cartilage Repair

Bode et al (2013)4 Group A: 4.4
Group B: 4.9

Group A: 2.3 (varus)
Group B: 3.5 (varus)

MFC: 43 HTO: 19 ACI: 24

Calcei et al (2021)7 NR NR NR NR ACI: 469; OCA: 644
Faber et al (2021)10 Group A: 3.9

Group B: 4.4
Group A: 1.8 (varus)
Group B: 5.7 (varus)

MFC: 788 HTO: 250 BMS: 71; OCA: 13; ACI: 226; D: 21;
O: 82; M: 21

Ackermann et al
(2020)1

Group A: 4.1
Group B: 4.9

NR MFC: 168 HTO: 41 ACI: 60; OCA: 108

Minas et al
(2014)19

NR NR NR HTO: 48; DFO: 3 ACI: 104

Totalb Group A: 4.0
Group B: 4.5

Group A: 1.8 (varus)
Group B: 5.5 (varus)

MFC: 999 HTO: 358; DFO: 3 ACI: 883; OCA: 765; BMS: 71; D: 21;
O: 82; M: 21

aGroup A ¼ cartilage repair alone. Group B ¼ cartilage repair with osteotomy. ACI, autologous chondrocyte implantation; BMS, bone
marrow stimulation; D, debridement; DFO, distal femoral osteotomy; HTO, high tibial osteotomy; M, multiple therapies; MFC, medial
femoral condyle; NR, not reported; O, other; OCA, osteochondral allograft transplantation.

bReported as weighted means.

TABLE 3
Reoperation Ratesa

Study Group A Group B P

Calcei et al (2021)7 468/954 (49.1) 31/159 (19.5) < .05
Bode et al (2013)4 10/24 (41.7) 2/19 (10.5) .02
Minas et al (2014)19 35/104 (33.7) 6/48 (12.5) .01
Total 513/1082 (47.4) 39/226 (17.3) < .0001

aData are reported as number of failures at the final follow-up/
total number of knees (%). Group A¼ cartilage repair alone. Group
B ¼ cartilage repair with osteotomy. Boldface P values indicate a
statistically significant difference between groups (P < .05).

TABLE 4
Modified Coleman Methodology Scorea

Study MCMS

Minas et al (2014)19 91
Bode et al (2013)4 79
Ackermann et al (2020)1 76
Faber et al (2021)10 73
Calcei et al (2021)7 68
Total 77.4 ± 7.7

aMCMS, Modified Coleman Methodology Score.
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prognostic variables that predicted baseline intervention
and no patients that switched between interventions dur-
ing the study period. No studies excluded eligible patients
or used variable follow-up times based on intervention (low
risk of bias), no studies deviated from the intended inter-
vention (low risk of bias), and all studies clearly classified
treatment type (low risk of bias). While all 5 studies1,4,7,10,19

described using nonblinded methods for outcome assess-
ment, none described differences in postoperative rehabili-
tation or outcome measurement protocols between groups
(moderate risk of bias). No studies showed bias due to miss-
ing data (low risk of bias). All 5 studies1,4,7,10,19 demon-
strated serious risk of bias in measurement of outcomes
as neither physicians nor patients were blinded to treat-
ment type. Finally, no studies showed bias due to selective
reporting (low risk of bias). The k value was 0.83, reflecting
very good agreement between reviewers.

DISCUSSION

Based on the results of our systematic review, we found a
significantly lower reoperation rate for patients undergoing
cartilage repair with concomitant osteotomy compared with
cartilage repair alone. In addition to lower reoperation
rates, we also found superior PROs among patients under-
going cartilage repair with concomitant osteotomy in the
domains of both function and pain at the short-term
follow-up. Furthermore, no significant differences were
found between groups with regard to complication rates
and procedure payments.

A previous systematic review from 201325 compared clin-
ical outcomes of patients undergoing isolated patellofe-
moral ACI versus those undergoing ACI combined with
patellofemoral realignment. The study included 366
patients and found significant improvements in multiple
clinical outcomes favoring the combined treatment group,
with no significant difference between groups in the rate of
postoperative complications. Moreover, another systematic
review published in 202020 concluded that when osteo-
tomies were performed in conjunction with cartilage proce-
dures, return to work occurred more quickly, as did an

increased rate of healing at the chondral lesion site.
Finally, a literature review conducted in 201724 concluded
that cartilage-restoration procedures performed in conjunc-
tion with HTO can lead to improved cartilage regeneration.
These findings parallel the results of the current systematic
review.

Among the factors associated with cartilage repair
success after concomitant osteotomy, the most important
seems to be improvement of the mechanical environ-
ment. To maintain overall joint homeostasis, hyaline
articular cartilage requires mechanical stimulation for
the activation of regulatory pathways to preserve extra-
cellular matrix quality and chondrocyte function.1 How-
ever, mechanical stress that exceeds the tolerance of the
articular surface can accelerate the progression of joint
degeneration, whereas decreasing mechanical forces on
degenerated joint surfaces can stimulate the formation of
a new biologic articular surface.6 This is further high-
lighted in animal studies, where moderate exercise has
been shown to produce an anabolic response in chondro-
cytes such that cartilage shows increased thickness and
proteoglycan content, and decreased proteoglycan degra-
dation.28 Conversely, excessive, nonphysiologic loading,
such as malalignment of the knee joint, can lead to chon-
drocyte degradation and has been associated with not
only progression of knee osteoarthritis (OA) but also the
initial development of knee OA.1,5

Several biomechanical studies have reported that varus
malalignment of the lower extremity is associated with
increased forces across the medial compartment of the
knee, with a deviation as little as 3� resulting in signifi-
cantly increased peak stresses.1,2,12 Thus, patients evalu-
ated with chondral lesions of the tibiofemoral joint should
undergo further evaluation of lower extremity alignment,
with correction indicated when malalignment may place
increased stress on the cartilage repair site. Similarly,
other studies have demonstrated that meniscal repair or
transplantation fails at a higher rate in the presence of ACL
instability or lower extremity malalignment11,27 and that
HTO can improve outcomes in these patients.3 These stud-
ies further demonstrate the need to assess the knee joint as

Figure 2. Risk of bias represented as a percentage across all included studies.
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a whole by considering cartilage status, ligament stability,
meniscal status, and lower extremity alignment.

Limitations

The limitations of this study should be noted. Only 5 stud-
ies were included, and 4 were considered low levels of evi-
dence (level 3 or 4), with potential bias in outcome
measurement due to a lack of randomization in these stud-
ies. There was heterogeneity in the type of cartilage- resto-
ration procedures performed, the definition of graft failure
between studies, and the reported PROs between studies.
Groups A and B differed with regard to preoperative lower
extremity alignment, and therefore, it is difficult to state a
threshold malalignment that benefits from concomitant
osteotomy when cartilage repair is performed. Another var-
iable that needs to be considered is degree correction. In
practice, a patient may undergo concomitant HTO regard-
less of whether he or she truly has malalignment. For exam-
ple, the mechanical axis could be corrected to that of the
contralateral limb, to the center of the knee, or to the 62%
point across the tibial width to “unload” the compartment, as
is done in arthritis. Some surgeons will stage the cartilage
repair/osteotomy procedures to do the osteotomy first (eg,
while waiting for an OCA graft) or, if not truly malaligned,
to do the osteotomy later only if the patient gets insufficient
improvement from the chondral resurfacing. There is both
surgeon and patient selection bias with respect to who gets
an osteotomy with the preponderance of HTOs in men. Also,
some patients may not be good candidates for osteotomy
because of disease, such as chondromalacia and relative
meniscal insufficiency, in the other compartments. Further-
more, most of the cartilage restoration procedures used in
the included studies were either ACI or OCA, and thus these
results cannot be applied to other cartilage procedures.
Finally, only 3 distal femoral osteotomies were included in
group B, and therefore, our results do not necessarily reflect
the results of cartilage repair with DFO.

CONCLUSION

Patients undergoing cartilage repair of the tibiofemoral joint
with concomitant osteotomy might be expected to experience
greater improvement in clinical outcomes with a lower reop-
eration rate compared with cartilage repair alone. Surgeons
preparing for cartilage procedures of the knee joint should
pay particular attention to preoperative malalignment of the
lower extremity in order to optimize outcomes. Further ran-
domized controlled studies are needed before a definitive
clinical decision can be made regarding performing an
osteotomy with a cartilage procedure.

REFERENCES

1. Ackermann J, Merkely G, Arango D, Mestriner AB, Gomoll AH. The

effect of mechanical leg alignment on cartilage restoration with and

without concomitant high tibial osteotomy. Arthroscopy. 2020;36(8):

2204-2214.

2. Agneskirchner JD, Hurschler C, Wrann CD, Lobenhoffer P. The effects

of valgus medial opening wedge high tibial osteotomy on articular

cartilage pressure of the knee: a biomechanical study. Arthroscopy.

2007;23(8):852-861.

3. Badhe NP, Forster IW. High tibial osteotomy in knee instability: the

rationale of treatment and early results. Knee Surg Sports Traumatol

Arthrosc. 2002;10(1):38-43.

4. Bode G, Schmal H, Pestka JM, et al. A non-randomized controlled

clinical trial on autologous chondrocyte implantation (ACI) in cartilage

defects of the medial femoral condyle with or without high tibial

osteotomy in patients with varus deformity of less than 5�. Arch

Orthop Trauma Surg. 2013;133(1):43-49.

5. Brouwer GM, van Tol AW, Bergink AP, et al. Association between

valgus and varus alignment and the development and progression

of radiographic osteoarthritis of the knee. Arthritis Rheum. 2007;

56(4):1204-1211.

6. Buckwalter JA, Martin JA, Brown TD. Perspectives on chondrocyte

mechanobiology and osteoarthritis. Biorheology. 2006;43(3,4):

603-609.

7. Calcei JG, Varshneya K, Sochacki KR, et al. Concomitant osteotomy

reduces risk of reoperation following cartilage restoration procedures

of the knee: a matched cohort analysis. Cartilage. 2021;13(1 suppl):

1250S-1257S.

8. Camp CL, Stuart MJ, Krych AJ. Current concepts of articular carti-

lage restoration techniques in the knee. Sports Health. 2014;6(3):

265-273.

9. Coleman BD, Khan HM, Maffulli N, Cook JL, Wark JD. Studies of

surgical outcome after patellar tendinopathy: clinical significance of

methodological deficiencies and guidelines for future studies. Victo-

rian Institute of Sport Tendon Study Group. Scand J Med Sci Sports.

2000;10(1):2-11.

10. Faber S, Angele P, Zellner J, et al. Comparison of clinical outcome

following cartilage repair for patients with underlying varus deformity

with or without additional high tibial osteotomy: a propensity score-

matched study based on the German Cartilage Registry (KnorpelReg-

ister DGOU). Cartilage. 2021;13(1 suppl):1206S-1216S.

11. Gelber PE, Barenius B, Perelli S. Role of alignment and osteotomy in

meniscal injuries. Clin Sports Med. 2020;39(1):211-221.

12. Guettler J, Glisson R, Stubbs A, Jurist K, Higgins L. The triad of varus

malalignment, meniscectomy, and chondral damage: a biomechani-

cal explanation for joint degeneration. Orthopedics. 2007;30(7):

558-566.

13. Houck DA, Kraeutler MJ, Belk JW, et al. Do focal chondral defects of

the knee increase the risk for progression to osteoarthritis? A review

of the literature. Orthop J Sports Med. 2018;6(10):232596711

8801931.

14. Kraeutler MJ, Belk JW, Purcell JM, McCarty EC. Microfracture versus

autologous chondrocyte implantation for articular cartilage lesions in

the knee: a systematic review of 5-year outcomes. Am J Sports Med.

2018;46(4):995-999.

15. Krych AJ, Hevesi M, Desai VS, et al. Learning from failure in cartilage

repair surgery: an analysis of the mode of failure of primary proce-

dures in consecutive cases at a tertiary referral center. Orthop J

Sports Med. 2018;6(5):2325967118773041.

16. Lee OS, Ahn S, Ahn JH, Teo SH, Lee YS. Effectiveness of concurrent

procedures during high tibial osteotomy for medial compartment

osteoarthritis: a systematic review and meta-analysis. Arch Orthop

Trauma Surg. 2018;138(2):227-236.

17. Lee OS, Lee SH, Mok SJ, Lee YS. Comparison of the regeneration of

cartilage and the clinical outcomes after the open wedge high tibial

osteotomy with or without microfracture: a retrospective case control

study. BMC Musculoskelet Disord. 2019;20(1):267.

18. McHugh ML. Interrater reliability: the kappa statistic. Biochem Med

(Zagreb). 2012;22(3):276-282.

19. Minas T, Von Keudell A, Bryant T, Gomoll AH. The John Insall Award:

a minimum 10-year outcome study of autologous chondrocyte

implantation. Clin Orthop Relat Res. 2014;472(1):41-51.

20. Nimkingratana P, Brittberg M. Returning to work after articular carti-

lage repair intervention: a systematic review. Orthop J Sports Med.

2020;8(3):2325967120905526.

6 Dhillon et al The Orthopaedic Journal of Sports Medicine
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