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Abstract 

Purpose: This study aimed to investigate the effect of medial open wedge high tibial osteotomy (MOWHTO) on 
patellofemoral joint osteoarthritis (PF OA) progression and its outcome according to the degree of preexisting PF OA.

Materials and methods: Patients who underwent biplane MOWHTO between January 2006 and December 2018 
were retrospectively reviewed. The patients were divided into two groups according to the degree of PF OA: non‑
PF OA [Kellgren–Lawrence (K–L) grade 0–1] and PF OA (K–L grade 2–3). Propensity score matching was performed 
between the two groups, and comparative analysis was performed on clinical scores and radiographic parameters 
and grade.

Results: After propensity score matching, 83 patients were selected for each group. At postoperative follow‑up, 
clinical scores were improved significantly compared with preoperative scores in both groups; however, there were 
no significant differences between the groups. There were also no significant differences between the two groups 
in radiographic parameters. The radiographic grade of PF OA indicated a slight progression in osteoarthritis in both 
groups; however, PF OA tended to progress further in the PF OA group.

Conclusions: MOWHTO did not result in significant differences in outcomes at postoperative follow‑up; however, 
preexisting PF OA contributed to PF OA progression after MOWHTO.
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Introduction
Medial open wedge high tibial osteotomy (MOWHTO) 
is an effective surgical procedure for the treatment of 
medial compartment osteoarthritis of the knee and 
the correction of lower extremity malalignment [1, 2]. 
Owing to favorable clinical results and improved surgical 

techniques, MOWHTO is becoming increasingly popu-
lar [3–5].

Although MOWHTO has shown favorable clini-
cal results, there are also reports that MOWHTO may 
adversely affect the patellofemoral joint. Several studies 
have reported that MOWHTO leads to patella height and 
patellofemoral alignment changes, consequently result-
ing in increased patellofemoral contact pressure [6–9]. In 
particular, overcorrection of the varus alignment has also 
been reported to affect the progression of patellofemo-
ral joint osteoarthritis (PF OA) [10–12]. However, it is 
difficult to definitively conclude that MOWHTO con-
tributes to the deterioration of the articular cartilage in 
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the patellofemoral joint. Various factors could affect the 
progression of PF OA [13]. Recently, preexisting cartilage 
lesions have been identified as a factor affecting PF OA 
after MOWHTO. In general, preexisting cartilage lesions 
in joints are known to act as a leading factor in the devel-
opment of arthritis by concentrating stress at the rim of 
the defect [14]. Several studies examining the effect of 
MOWHTO on the patellofemoral joint through arthro-
scopic evaluation reported that the articular cartilage in 
the patellofemoral joint deteriorated over time due to 
MOWHTO [7, 11, 12, 15]. However, these studies were 
not comparative studies based on the presence of preex-
isting lesions in the articular cartilage. To the best of our 
knowledge, limited studies have examined the progres-
sion of PF OA after MOWHTO according to the degree 
of preexisting osteoarthritis in the patellofemoral joint.

The purpose of this study was to investigate the effect 
of MOWHTO on the progression of PF OA and its clini-
cal outcome according to the degree of preexisting PF 
OA. We hypothesized that MOWHTO would contribute 
to the progression of PF OA when the preexisting PF OA 
is more severe and that the clinical outcomes of MOW-
HTO in patients with more severe preexisting PF OA 
would be inferior.

Materials and methods
The present investigation was approved by the institu-
tional review board before it commenced. Due to the ret-
rospective nature of the study and the use of anonymized 
patient data, requirements for informed consent were 
waived. Data from 218 consecutive patients, who under-
went biplane MOWHTO performed by a single orthope-
dic surgeon in a single institution between January 2006 
and December 2018, were retrospectively reviewed. Sur-
gical indications for MOWHTO were as follows: age > 40 
and < 65  years; medial compartment osteoarthritis and 
varus malalignment; activity-related medial-sided knee 
pain; good range of motion (arc of motion > 100° and 
flexion contracture < 15°); and no joint instability. MOW-
HTO was not indicated for patients with complaints of 
anterior knee pain associated with activities such as 
squatting and stair climbing or descending. Individuals 
with a history of surgical treatment of the knee, surgical 
site infection, additional surgical procedures on the same 
knee during the follow-up period, and the same subse-
quent surgical procedure on the opposite knee during the 
follow-up period were excluded from the study. Patients 
were divided into two groups according to the degree of 
PF OA. The distribution of patients in the two groups 
was as follows: non-PF OA group, 135 patients with 
Kellgren–Lawrence (K-L) grade 0 or 1; PF OA group, 83 
patients with K–L grade 2 or 3. To control for potential 
confounding variables, the patients from both groups 

were matched through propensity score matching. 
Finally, a total of 83 patients were included for propensity 
score-matched analysis in each group (Fig. 1).

Surgical procedure
For all patients, preoperative surgical planning to achieve 
a proper correction angle was performed according to 
the methods described by Miniaci and Dugdale, which 
involve the realignment of the mechanical axis to the 
Fujisawa point [16–18]. Before the osteotomy procedure, 
diagnostic arthroscopy was performed, and the status 
of the articular cartilage was thoroughly evaluated. No 
cartilage-specific procedures such as debridement and 
chondroplasty were performed on lesions of the patel-
lofemoral joint cartilage. After arthroscopic assessment, 
biplane MOWHTO was performed following a technique 
developed by the Arbeitsgemeinschaft für Osteosyn-
thesefragen (AO) knee expert group [5]. To expose the 
medial proximal tibia, an oblique skin incision, approxi-
mately 6–7 cm in length, was made from 1 cm below the 
joint line to the pes anserinus tendons between the tibial 
tuberosity and the posteromedial border of the tibia. The 
long fibers of the medial collateral ligament were released 
as much as necessary to expose the posteromedial crest 
of the tibia. Two starting guide wires for transverse oste-
otomy were inserted parallel from the upper border of 
the pes anserinus tendons toward the upper portion of 
the fibular head. Before transverse osteotomy, a separate 
oblique vertical osteotomy was performed in the coronal 
plane 1  cm behind the tibial tuberosity. In the anterior 
third, an ascending cut was performed behind the tibial 
tuberosity, creating a 130° angle to the posterior plane of 
osteotomy. Transverse osteotomy was subsequently initi-
ated using an oscillating saw along the two guide wires 
leaving the lateral most at 1 cm of the proximal tibia as 
a hinge. The osteotomy site was opened gradually using 
several chisels and a spreader device. After the desired 
correction was achieved, a locking plate was applied and 
fixed to the medial proximal tibia over the osteotomy site.

Postoperatively, the patients were instructed to begin 
crutch-assisted progressive weight-bearing ambulation 
and hinged knee brace-assisted knee range of motion 
exercise as tolerated. Six weeks after surgery, all patients 
were encouraged to discontinue the use of crutches and 
remove the knee brace.

Evaluation
Comparative analysis of clinical outcomes and radio-
graphic parameters and grade was performed. Clinical 
outcomes were assessed preoperatively and postopera-
tively using various patient-reported knee rating scales, 
including a visual analog scale (VAS), the Western 
Ontario and McMaster Universities Osteoarthritis Index 
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(WOMAC), and Knee Society score (KSS) [19]. Various 
radiographic parameters possibly associated with the 
preexisting condition of the patellofemoral joint, includ-
ing mechanical axis, weight-bearing line ratio, and pos-
terior tibial slope, were evaluated [20]. The radiographic 
assessment was based on the anterior–posterior, lateral, 
and Merchant views of the knee and anterior–poste-
rior standing hip-ankle radiographs (Fig.  2). The grade 
of osteoarthritis was radiographically assessed using the 
K–L grading system [21]. Clinical outcomes and radio-
graphic parameters and grade were assessed annually 
at postoperative follow-up (average follow-up period 

of 5.63  years). Two orthopedic surgeons who were not 
involved in the surgery measured all radiographic param-
eters at an interval of 6  weeks and were blinded to one 
another’s measurements. Arthroscopic assessment 
was performed at the time of the initial operation. All 
arthroscopic measurements and plane radiographs were 
obtained immediately after the surgery by the orthopedic 
surgeon who performed MOWHTO.

Statistical analysis
Propensity scores were calculated by logistic 
regression analysis of the covariates (gender, age, 

Fig. 1 Flowchart of patient inclusion in the study. PF OA: patellofemoral osteoarthritis, K–L Kellgren–Lawrence
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follow-up duration, preoperative range of motion, BMI, 
preoperative mechanical axis, and preoperative posterior 
tibial slope). The patients were matched using the near-
est neighbor technique, with a predefined caliper width 
equal to 0.2 of the standard deviation of the logit of the 
propensity score. The assumption of normality of the 

numerical data was verified by the Shapiro–Wilk test. 
The independent sample t-test or Mann–Whitney U test 
was used to compare the two groups in terms of numeri-
cal demographic characteristics, preoperative and post-
operative measurements, and surgical data depending on 
whether the data were normally distributed. The paired 

Fig. 2 Anterior–posterior standing hip–ankle radiographs of a 55‑year‑old man. A Preoperative radiograph showing varus limb alignment. B 
Postoperative radiograph showing correction of varus malalignment and valgus limb alignment after medial open wedge high tibial osteotomy
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t-test was used to analyze intragroup differences before 
and after surgery. For categorical data, the chi-squared 
test was used to assess differences in the progression of 

osteoarthritis after surgery between the two groups. Sta-
tistical analysis was performed using SPSS version 22.0 
(IBM Corp, Armonk, NY, USA) for Windows (Microsoft 
Corporation, Redmond, WA, USA). Differences with 
p < 0.05 were considered to be statistically significant.

Results
This study included 83 patients in the non-PF OA group 
and 83 patients in the PF OA group. Baseline charac-
teristics, including preoperative average clinical scores, 
deformities, and age at operation in the PF OA group, 
were not significantly different from those in the non-PF 
OA group (Table 1). Based on radiological results, post-
operative radiographic parameters were not significantly 
different between the two groups (Table  2). At postop-
erative follow-up, patients in both the non-PF OA and 
PF OA groups exhibited a slight progression in osteo-
arthritis based on the K–L classification. PF OA tended 
to progress further in the PF OA group (61/83 patients, 
73.49%) than in the non-PF OA group (43/83 patients, 
51.81%) (Table  3). Clinical outcomes (VAS, WOMAC, 
KSS pain, and KSS function) demonstrated significant 
overall improvement from baseline to the last follow-up, 
with no statistically significant differences between the 
two groups at each time point (Table 4).

It is clinically important to estimate whether the clinical 
outcome score improved beyond a minimally clinically 
important difference (MCID), specifically the change 
reported by patients who identified themselves as mini-
mally better or minimally worse as a result of the surgical 
procedure [22]. According to previous studies, MCIDs 
for the VAS, WOMAC, and KSS pain and function scores 
were 1.99, 22.6, 3.0, and 5.6 points, respectively [22, 23]. 
In the current study, the total VAS, WOMAC, and KSS 
pain and function scores were improved by 2.67, 24.40, 

Table 1 Comparison of baseline characteristics

The p-values are of intergroup comparisons, with p < 0.05 indicating significance. 
PF OA patellofemoral osteoarthritis, ICRS International Cartilage Repair Society, 
VAS visual analog scale, WOMAC Western Ontario and McMaster Universities 
Osteoarthritis Index, KSS Knee Society score

Variable Non-PF OA group
(n = 83)

PF OA group
(n = 83)

p-Value

Gender (M/F) 23/60 22/61 0.500

Age (years) 54.83 ± 6.77 55.79 ± 5.81 0.223

F/U duration (years) 5.52 ± 3.07 5.73 ± 3.14 0.653

Range of motion (°) 134.2 ± 8.6 133.3 ± 9.6 0.602

BMI (kg/m2) 25.7 ± 3.1 25.1 ± 3.2 0.547

Mechanical axis (°) 5.89 ± 2.85 6.05 ± 2.66 0.550

Weight‑bearing line 
ratio

0.23 ± 0.11 0.21 ± 0.12 0.379

Posterior tibial slope (°) 9.33 ± 3.79 10.23 ± 3.39 0.307

Preoperative VAS 4.57 ± 1.82 4.67 ± 2.35 0.141

Preoperative WOMAC 41.41 ± 17.27 43.09 ± 23.69 0.324

Preoperative KSS pain 28.22 ± 11.66 27.22 ± 11.08 0.228

Preoperative KSS func‑
tion

64.64 ± 17.25 65.68 ± 15.48 0.875

Kellgren–Lawrence 
grade

0.000

 Grade 0 56 (67.5%) 0 (0.0%)

 Grade 1 27 (32.5%) 0 (0.0%)

 Grade 2 0 (0.0%) 60 (72.3%)

 Grade 3 0 (0.0%) 23 (27.7%)

Preoperative ICRS grade 0.000

 Grade 0 60 (72.3%) 0 (0.0%)

 Grade 1 23 (27.7%) 2 (2.4%)

 Grade 2 0 (0.0%) 53 (63.9%)

 Grade 3 0 (0.0%) 28 (33.7%)

Table 2 Comparison of radiological outcomes

The p-values are of intergroup comparisons, with p < 0.05 indicating significance. PF OA patellofemoral osteoarthritis, correction angle difference in mechanical axis 
angle, ΔPTSA difference in posterior tibial slope angle

Parameters Non-PF OA group
(n = 83)

PF OA group
(n = 83)

p-Value

Mean mechanical axis (°)

 Preoperative 5.89 ± 2.85 6.05 ± 2.66 0.550

 Last follow‑up −0.96 ± 2.08 −0.56 ± 3.15 0.393

 Correction angle 6.85 ± 3.11 6.62 ± 3.65 0.376

Mean weight‑bearing line ratio

 Preoperative 0.23 ± 0.11 0.21 ± 0.12 0.379

 Last follow‑up 0.53 ± 0.10 0.53 ± 0.13 0.849

Mean posterior tibial slope (°)

 Preoperative 9.83 ± 3.79 10.23 ± 3.39 0.307

 Last follow‑up 10.89 ± 4.16 11.12 ± 3.40 0.742

 ΔPTSA 1.06 ± 3.46 0.88 ± 4.04 0.696
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13.04, and 20.54 points, respectively, in the non-PF OA 
group, and 2.81, 26.89, 17.01, and 18.94 points, respec-
tively, in the PF-OA group (Table  5). In both groups, 
the mean improvement in the total VAS, WOMAC, and 
KSS pain and function scores was more than the MCID. 
No complications, such as deep infection, loosening, or 
osteolysis requiring revision surgery, occurred in either 
group.

Discussion
Radiological evaluation revealed that PF OA tended to 
progress further in the PF OA group than in the non-PF 
OA group (Figs. 3 and 4). The differences in clinical out-
comes and radiographic parameters between the PF OA 
and non-PF OA groups were not statistically significant 
in this study. Our study results support our hypothesis 
that MOWHTO would contribute to the progression of 
PF OA when the preexisting PF OA is more severe, but 
did not support our hypothesis that patients with more 
severe preexisting PF OA would have worse clinical out-
comes after MOWHTO.

The main finding of the current study was that MOW-
HTO contributed to the progression of PF OA in patients 
with more severe preexisting PF OA; however, it was not 
directly associated with clinical outcomes. Therefore, 
caution is needed when performing MOWHTO in the 
presence of preexisting PF OA. MOWHTO is known 
to negatively affect the patellofemoral joint owing to 
changes in the patellar position. A decreased patellar 
height and an altered patellofemoral alignment could 
increase the patellofemoral contact pressure, conse-
quently increasing the risk of progression of osteoar-
thritis [6, 8, 9, 24]. Several studies have performed an 
arthroscopic assessment of the progression of PF OA 
resulting from MOWHTO [7, 11, 12, 15]. However, it is 
difficult to conclude that MOWHTO is the most impor-
tant contributor to the progression of PF OA.

In theory, although the increased contact pressure of 
the patellofemoral joint may lead to the progression of 
osteoarthritis in the affected joint, many variables need 
to be considered. Recent studies have investigated rele-
vant factors that can influence the progression of PF OA 
after MOWHTO. The progression of cartilage degen-
eration may be attributed to normal age-dependent joint 
degeneration, as noted in previous studies [7, 11, 12]. 
Yoon et  al. reported that overcorrection (i.e., a postop-
erative weight-bearing line ratio > 66.3%) could lead to 
the further progression of patellofemoral joint degen-
eration after MOWHTO [12]. Similarly, Tanaka et  al. 
reported that lesions in the cartilage of the patellofemo-
ral joint tended to progress after MOWHTO in patients 
with a medial opening gap ≥ 13  mm or a change in the 
medial proximal tibial angle ≥ 9° [11]. Focal articular car-
tilage defects are also known to be a predisposing factor 
for osteoarthritis [14]. Preexisting cartilage lesions in the 
patellofemoral joint can be a risk factor that contributes 
to the further progression of PF OA. In this study, PF 
OA tended to progress further in the presence of pre-
existing PF OA compared with a normal patellofemoral 
joint. Owing to methodological differences, there may 
be limitations in applying, interpreting, and compar-
ing the results from previous studies and the present 

Table 3 Change of K–L grade at follow‑up in patellofemoral joint

The p-values are of intergroup comparisons, with p < 0.05 indicating significance. 
K–L Kellgren–Lawrence, PF OA patellofemoral osteoarthritis, OA osteoarthritis

Grade change Non-PF OA group
(n = 83)

PF OA group
(n = 83)

p-Value

No change 40 (48.19%) 22 (26.50%) 0.003

OA aggravation 43 (51.81%) 61 (73.49%) 0.003

 Grade change 1 31 (37.35%) 47 (56.63%) 0.010

 Grade change ≥ 2 12 (14.46%) 14 (16.87%) 0.416

Table 4 Comparison of clinical outcomes

The p-values are of intergroup comparisons, with p < 0.05 indicating significance. 
VAS visual analog scale, WOMAC Western Ontario and McMaster Universities 
Osteoarthritis Index, KSS Knee Society score

Parameters Non-PF OA group
(n = 83)

PF OA group
(n = 83)

P-value

VAS

 Preoperative 4.57 ± 1.82 4.67 ± 2.35 0.141

 Postoperative 1.89 ± 1.16 1.86 ± 1.50 0.454

WOMAC

 Preoperative 41.41 ± 17.27 43.09 ± 23.69 0.324

 Postoperative 17.01 ± 12.00 16.20 ± 14.31 0.438

KSS pain

 Preoperative 28.22 ± 11.66 27.22 ± 11.08 0.228

 Postoperative 43.25 ± 9.24 44.23 ± 11.18 0.471

KSS function

 Preoperative 64.64 ± 17.25 65.68 ± 15.48 0.875

 Postoperative 85.18 ± 15.57 84.62 ± 16.67 0.563

Table 5 MCID values for the PROMs

PROMs patient-reported outcome measures, MCID minimal clinically important 
difference using the ROC curve anchor method, VAS visual analog scale, WOMAC 
Western Ontario and McMaster Universities Osteoarthritis Index, KSS Knee 
Society score

PROMs Non-PF OA group
average change (%, 
above MCID)

PF OA group
average change (%, 
above MCID)

MCID

VAS 2.67 (79.5%) 2.81 (83.1%) 1.99

WOMAC 24.40 (66.3%) 26.89 (70.3%) 22.6

KSS pain 13.04 (92.8%) 17.01 (100%) 3.0

KSS function 20.54 (95.2%) 18.94 (100%) 5.6
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study. Nevertheless, other factors of PF OA progression, 
excluding preexisting PF OA, did not differ between the 
two groups in this study. Although the present study did 
not examine all factors that can influence the progression 
of patellofemoral joint degeneration after MOWHTO, 
preexisting PF OA, which may be a risk factor for PF OA 
progression, would be an important consideration in per-
forming MOWHTO.

In the present study, subgroup analysis showed that 
clinical outcomes were not significantly correlated with 
the degree of preexisting PF OA, which may be attrib-
uted to inaccuracies in assessing the status of the patel-
lofemoral joint. The clinical symptoms of PF OA can 
vary, including anterior knee pain and patellofemoral 
dysfunction. Usually, physicians evaluate the status of 
the patellofemoral joint by physical examination (com-
prising a patellar compression test and an assessment 
for the Clarke sign) or radiographic examination [25]. 
However, because these tools are difficult to standardize 
and rely on physician experience and the interpretation 
of patient responses, their utility in measuring outcomes 

is limited. For this reason, various scoring systems have 
been developed for assessing the knee joint; however, 
not many of them are suitable for assessing the condi-
tion of the patellofemoral joint. In addition, limited stud-
ies have reported the use of patellofemoral scoring tools 
that can specifically assess anterior knee pain or patel-
lofemoral dysfunction; thus, a properly validated and reli-
able patellofemoral-specific scoring system has not been 
established [26, 27]. For this reason, the VAS, WOMAC, 
and KSS pain and function scales used in our study may 
not accurately reflect the clinical outcomes of patients 
with PF OA. Although this study did not show that the 
progression of PF OA was correlated with specific clini-
cal features, it should be noted that PF OA progression is 
possible when MOWHTO is performed.

Some limitations of the present study should be con-
sidered. First, the progression of PF OA was graded 
according to radiographic findings. The grade of osteo-
arthritis was first assessed by radiography, which was 
validated by arthroscopic assessment while performing 
the operation. However, postoperative assessment was 

Fig. 3 Merchant view radiographs of a 58‑year‑old woman (case 1). A Preoperative radiograph showing Kellgren–Lawrence grade 2 patellofemoral 
joint osteoarthritis. B Follow‑up radiograph 5 years after surgery showing Kellgren–Lawrence grade 4 patellofemoral joint osteoarthritis

Fig. 4 Merchant view radiographs of a 56‑year‑old woman (case 2). A Preoperative radiograph showing no patellofemoral joint osteoarthritis. B 
Follow‑up radiograph 5 years after surgery showing no patellofemoral joint osteoarthritis
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performed only radiologically. Even radiographic eval-
uations may not provide accurate information about 
the status of the patellofemoral joint [28]. Accord-
ingly, postoperative arthroscopic assessment in further 
studies is required. Second, a clinical scoring system 
to evaluate patellofemoral joint arthritis has not been 
established, and the VAS, WOMAC, and KSS pain 
and function scales used in our study are insufficient. 
Research to identify scoring systems that better reflect 
the patellofemoral status, including the Feller, Kujala, 
and Samsung Medical Center (SMC) patellofemoral 
scoring systems, is warranted [26, 27, 29]. Third, the 
mean value of the posterior tibial slope was rather high 
and was increased after surgery. Although there were 
no statistically significant differences between the two 
groups, a pathologic posterior tibial slope can lead to 
extension deficit and affect clinical outcomes [30].

Conclusions
MOWHTO did not result in significant differences in 
clinical outcomes and radiographic parameters at fol-
low-up; however, preexisting PF OA contributed to the 
progression of PF OA after MOWHTO. Taken together, 
the results of this study suggest that caution is needed 
when performing MOWHTO in the presence of preex-
isting PF OA.
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