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Abstract
Purpose To analyze the effects of increased medial proximal tibial angle (MPTA) on the clinical outcomes and cartilage 
deterioration in the lateral compartment after a mean follow-up period of 4 years following open-wedge high tibial osteotomy 
(OWHTO) using propensity score matching (PSM) analysis.
Methods Among 376 knees treated with OWHTO for medial unicompartmental osteoarthritis with varus deformity, 36 
knees with MPTA increase of > 95° and 108 knees with MPTA increase of < 95° at the final follow-up were included. The 
baseline prognostic factors [age, sex, preoperative hip–knee–ankle (HKA) angle, body mass index, and preoperative knee 
range of motion] were equalized between the 2 groups using PSM; consequently, 31 pairs of patients were compared. The 
radiographic and clinical outcomes, including lateral compartment pain, were assessed. For 18 patients in each group, 
second-look arthroscopy and cartilage status assessment were performed.
Results The preoperative demographics were similar between the groups. At the final follow-up, the HKA angle and joint 
line obliquity were significantly higher in the increased MPTA group. No significant differences were observed in the clinical 
outcomes between the groups. On second-look arthroscopy, significant cartilage deterioration of the lateral compartment was 
not observed in either group. Pain in the lateral compartment was experienced significantly more frequently in the increased 
MPTA group (p < 0.01).
Conclusion Although excessively increased MPTA after HTO had no significant effects on the clinical outcomes and carti-
lage deterioration in the lateral compartment at the minimum 4-year follow-up, lateral compartment pain was experienced 
significantly more frequently in the increased MPTA group.
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ADL  Activities of daily living
MFC  Medial femoral condyle
MTC  Medial tibial condyle

Introduction

In general, OWHTO is commonly associated with an 
increased medial proximal tibial angle (MPTA; angle 
between the mechanical axis of the tibia and the articular 
surface of the medial proximal tibia) or joint line obliquity 
(JLO; angle formed by the line parallel to the ground and 
the tangent to the proximal tibia after HTO) postoperatively. 
Several previous studies have reported on the MPTA and 
JLO. Hernigou et al. demonstrated that only 5 of 75 knees 
with valgus correction showed lateral compartment osteo-
arthritic changes on plane radiography after OWHTO [10]. 
However, Babis et al. reported that increased JLO after an 
increase in the MPTA may result in increased shear stress at 
the knee joint. They further demonstrated that a JLO of < 4° 
was associated with 100% survival at 5 and 10 years after 
closing-wedge HTO [3]. In a biomechanical study, Nakay-
ama et al. reported that increased JLO in the proximal tibia, 
defined by an MPTA > 95°, led to eccentric valgus shear 
stress on the articular cartilage [17]. Although an increased 
MPTA or JLO may induce valgus shear stress on the lateral 
compartment, the effects of increased MPTA on the clinical 
outcomes and cartilage deterioration in the lateral compart-
ment after OWHTO are still unknown. Moreover, previous 
studies did not control for preoperative confounding fac-
tors that influence postoperative outcomes, such as age, sex, 
preoperative hip–knee–ankle (HKA) angle, and body mass 
index (BMI). Therefore, the purpose of this study was to 
analyze the effects of increased MPTA on the clinical out-
comes and cartilage deterioration in the lateral compartment 
in patients who underwent OWHTO with a mean follow-up 
of 5 years using propensity score matching (PSM) analy-
sis. The hypothesis was that increased postoperative MPTA 
would induce cartilage deterioration in the lateral compart-
ment of the knee joint after OWHTO.

Materials and methods

Study design

Between January 2006 and May 2014, 553 patients (553 
knees) diagnosed with medial unicompartmental osteoar-
thritis with varus deformity underwent medial OWHTO 
performed by two senior surgeons in our hospital. This 
study was approved by the Institutional Review Board of 
Chonnam National University Hwasun Hospital (CNUHH-
2020–195). Written consent was obtained from all 

patients. The surgical indications were as follows: sympto-
matic medial unicompartmental osteoarthritis of the knee, 
age > 40 years, diagnosis using supine anteroposterior 
plain radiographs (Kellgren–Lawrence grade ≥ III); > 5° 
varus of the mechanical axis; < 5° flexion contracture; and 
a bony correction angle requirement of < 15°, as calcu-
lated preoperatively. Ten patients who underwent simul-
taneous ligament reconstruction were excluded, as were 
167 patients who did not visit the hospital in the 4 years 
after surgery. The 376 knees were divided according to the 
postoperative MPTA at the final follow-up. The MPTA at 
final follow-up was > 95° in 65 knees (17.2%) and ≤ 95° in 
311 knees (82.7%).

Propensity score matching

For comparison of the two groups, this study equalized the 
baseline prognostic factors of the two groups using PSM. 
The propensity score was calculated with the baseline 
variables using logistic regression analysis. The propen-
sity score was based on the following baseline covariates: 
age, sex, preoperative HKA angle, BMI, and preoperative 
knee range of motion (ROM). One-to-one matching was 
performed using a variable-ratio, parallel, and balanced 
nearest-neighbor approach. During matching, this study 
used a caliper width of 0.2 standard deviation (SD) of the 
propensity score to limit the allowed distance between two 
matched patients. The PSM yielded 31 pairs of patients. 
The MPTA at the final follow-up was > 95° in 31 knees 
(group A) and ≤ 95° in another 31 knees (group B; Fig. 1).

Fig. 1  Flow diagram of the patient enrollment procedure, prepared 
according to CONSORT (Consolidated Standards of Reporting Tri-
als) Guidelines
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Surgical procedure

Preoperative planning indicated that the postoperative 
mechanical axis would pass across the knee at the Fujisawa 
point (a point at 62.5% of the cross-sectional diameter of 
the tibial plateau) in accordance with Miniaci’s method [7]. 
Diagnostic arthroscopies were performed before the oste-
otomy. Cartilage defects or meniscal tears on the medial side 
were managed with microfracture or debridement according 
to the surgeon’s judgment. Arthroscopy was followed by a 
biplanar opening wedge HTO. A longitudinal skin incision 
was made 7 cm medial to the patellar tendon over the pes 
anserinus tendons. The posteromedial surface was exposed 
after soft tissue dissection. The osteotomy plane was marked 
with the help of guide wires, whose positions were con-
firmed on an image intensifier. The two guide wires were 
drilled in parallel from the medial to lateral cortex obliquely, 
exactly at the level of the tibiofibular joint. A transverse cut 
was made parallel to the wires, up to a distance of 15 mm 
medial to the patellar tendon. Then, the second cut was made 
behind the tibial tuberosity, approximately 120° angulated 
with the first cut. The osteotomy was opened and fixed with 
two Aescula plates (Medyssey, Seoul, Korea) or a locking 
compression plate. Bone grafting was performed when the 
tibial opening was > 10 mm. For postoperative rehabilitation, 
range-of-motion exercises were started as soon as possible, 
and a ROM brace was worn around the knee for 4 weeks. 
Toe touch partial weight-bearing was allowed for the first 
4 weeks after surgery, and subsequently, progressive toler-
able weight-bearing was encouraged.

Radiological and clinical evaluations

The patients were followed for a minimum of 4 years after 
the operation. Supine anteroposterior and lateral radiographs 
and standing anteroposterior hip-to-ankle radiographs were 
obtained preoperatively and at each follow-up. The MPTA, 
JLO, and HKA angle on standing anteroposterior hip-to-
ankle radiographs (Fig. 2) and the posterior tibial slope on 
the lateral plain radiograph were measured before surgery 
and at the latest follow-up. The HKA angle in varus align-
ment was marked negatively. For clinical evaluation, post-
operative ROM, Knee Society Score (pain and function), 
Western Ontario and McMaster Universities (WOMAC) 
scoring system, and Hospital for Special Surgery (HSS) 
score were used. Patients were also checked for pain in the 
lateral compartment of the knee, defined as pain localized to 
the lateral aspect of the knee with a visual analog scale score 
of > 3. An independent blinded orthopedic surgeon who did 
not participate in the surgeries recorded the preoperative 
and latest follow-up measurements to assess the clinical and 
radiological outcomes, except ROM.

Second‑look arthroscopy assessments

Second-look arthroscopy was performed during plate 
removal. All patients were recommended for implant 
removal. During the procedure, cartilage lesions were mac-
roscopically evaluated after the arthroscopic procedure. The 
lateral compartment articular surface of the femorotibial 
joint was evaluated using the arthroscopic grading system of 
the International Cartilage Repair Society, ICRS [4]. Cases 
with superficial abrasion and fissures were defined as grade 
1; those with cartilage defects where lesions extended down 
to < 50% of the cartilage depth were defined as grade 2; 
those with lesions extending down to > 50% but not involv-
ing the subchondral bone were defined as grade 3; and those 
with defects involving the subchondral bone were defined as 
grade 4. Cartilage regeneration was evaluated on the basis of 
the regeneration stage at the time of second-look arthroscopy 
and implant removal (Fig. 3). A total of 18 patients under-
went a second-look arthroscopy when the degree of MPTA 
was > 95°, and another 18 patients underwent a second-look 

Fig. 2  a The hip–knee–ankle (HKA) angle was defined as the axis 
between the femoral mechanical axis and the tibia mechanical axis. 
b The anatomic medial proximal tibial angle (MPTA) was defined as 
the medial angle between the tibial anatomic axis and the joint line of 
the proximal tibia. Joint line obliquity (JLO) was defined as the angle 
between a line parallel to the ground and the tangent to the femoral 
condyles, and a positive JLO value denoted lateral inclination of the 
joint line
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arthroscopy when the degree of MPTA was < 95°. The sec-
ond-look arthroscopy was performed before the removal of 
plates and screws at a mean of 12.5 months after the initial 
OWHTO (range 10–15 months) in group A and 13.1 months 
after the initial OWHTO (range 11–14 months) in group B 
(n.s.).

Statistical analyses

SPSS version 22 for Windows (IBM, Armonk, NY) was 
used for the statistical analysis. To test the reliability of 
the data, the radiological results were measured again 
after 1 week by a blinded orthopedic surgeon who did not 

participate in the surgeries. A Pearson correlation coeffi-
cient analysis was performed to estimate the reliability and 
revealed good test–retest reliability (r > 0.8). The normal 
distribution was checked using the Shapiro–Wilk test for 
continuous variables. For analysis of demographic data, an 
independent t-test was used to compare the parametric vari-
ables (BMI, preoperative HKA angle, preoperative MPTA, 
and preoperative posterior tibial slope) between the groups, 
while the Mann–Whitney U test was used to analyze the 
nonparametric variables [age, follow-up, clinical results 
(except lateral compartment pain), postoperative HKA 
angle, and postoperative MPTA]. A comparison of preop-
erative and postoperative clinical and radiological results 

Fig. 3  a Plain knee radiograph 
of a 57-year-old female with 
a preoperative varus deform-
ity. b Arthroscopic findings of 
ICRS grade zero in the lateral 
compartment of Lt knee. c Plain 
knee radiograph of a 57-year-
old female with a postoperative 
MPTA at 1 year after 1st opera-
tion. d 2nd look arthroscopic 
findings of ICRS grade II in the 
lateral compartment of Lt knee
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was performed using a paired t-test for parametric variables 
and the Wilcoxon signed-rank test for nonparametric vari-
ables (clinical results and HKA angle). A χ2 test was used to 
analyze all the categorical variables (sex, ICRS grade, and 
lateral compartment pain). A p value < 0.05 was considered 
statistically significant. A prior assessment confirmed the 
estimated group size on the basis of the presence of lateral 
knee pain at minimum 4-year follow-up in 25 patients from 
the 2 groups. A statistical assessment was performed to con-
firm the sample size. To obtain a power of at least 0.8 with 
α = 0.05, the above parameters were chosen, and a minimum 
of 25 patients at a 1:1 ratio in each group was calculated. 
Concerning compliance rates, this study enrolled as many as 
31 patients in groups A and B after PSM. Post hoc analysis 
was performed to estimate the power of pain in the lateral 
compartment (power = 0.9).

Results

The PSM yielded 31 pairs of patients. All preoperative 
demographic data were similar between the two groups. 
The preoperative knee phenotypes in relation to coronal 
limb phenotypes were also investigated according to novel 
classification (Table 1) [11]. The mean preoperative HKA 
angles deviated from 7.5 ± 3.4 to − 2.5 ± 2.7 in group A and 
from 9.0 ± 3.7 to − 1.0 ± 3.5 in group B at the final follow-
up (p < 0.01). The mean preoperative MPTAs deviated from 
86.8 ± 1.9 to 96.1 ± 1.4 in group A and from 85.8 ± 2.6 
to 90.8 ± 2.8 in group B at the final follow-up (p < 0.01; 

Table 2). The HSS score, Knee Society Score (KSS), and 
WOMAC scores were significantly improved at the final 
follow-up compared with their preoperative baseline values 
in both groups. This study found no significant differences 
in any clinical outcomes between groups A and B (n.s., 
Table 3). Pain in the lateral compartment of the knee was 
observed in 14 patients in group A and 3 patients in group 
B (p < 0.01). Medial joint OA progressed in two knees in 
group A, and total knee arthroplasty conversion was per-
formed. The second-look arthroscopic assessments of car-
tilage regeneration using the ICRS grade are summarized 
in Table 4. There was no statistically significant cartilage 

Table 1  Comparison of 
preoperative demographics 
between two groups

Parameters Increased group 
(n = 31)

Normal group (n = 31) p value

Sex (M/F) 2/29 3/28 n.s.
Mean age (year) 56.1 ± 6.3 57.2 ± 5.2 n.s.
Body mass index (kg/m2) 25.6 ± 3.0 25.4 ± 3.0 n.s.
Range of motion (°) 133.7 ± 9.0 134.7 ± 9.1 n.s.
Preoperative MPTA (varus, °) 86.8 ± 1.9 85.8 ± 2.6 n.s.
Preoperative HKA angle (varus, °) 7.5 ± 3.4 9.0 ± 3.7 n.s.
Preoperative JLCA (°) 4.8 ± 2.3 4.0 ± 1.9 n.s.
Kellgren–Lawrence scale 3.5 ± 0.5 3.4 ± 0.5 n.s.
Follow-up period (years) 4.4 ± 3.8 4.7 ± 3.7 n.s.
TMA (n)
 VARTMA6° 5 6 n.s.
 VARTMA3° 6 6 n.s.
 NEUTMA0° 20 19 n.s.

FMA (n)
 VALFMA3° 11 12 n.s.
 NEUFMA0° 8 7 n.s.
 VARFMA3° 6 8 n.s.

VARFMA6° 6 4 n.s.

Table 2  Comparison of radiologic outcome between two groups

Parameters Increased 
group 
(n = 31)

Normal 
Group 
(n = 31)

p value

MPTA
 Preoperative (varus, °) 86.8 ± 1.9 85.8 ± 2.6 n.s.
 Postoperative (valgus, °) 96.1 ± 1.4 90.8 ± 2.8 0.001

HKA angle
 Preoperative (varus, °) 7.5 ± 3.4 9.0 ± 3.7 n.s.
 Postoperative (valgus, °) 2.5 ± 2.7 1.0 ± 3.5 0.001

Posterior tibial slope
 Preoperative (°) 10.4 ± 2.5 8.9 ± 3.6 n.s.
 Postoperative (°) 10.3 ± 2.9 9.2 ± 4.6 n.s.
 Postoperative joint line obliq-

uity (°)
5.5 ± 3.8 0.9 ± 4.0 0.001
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deterioration in the lateral femoral condyle (LFC) or lateral 

tibial condyle (LTC) in either group after OWHTO (n.s.).

Discussion

The main findings of the present study were as follows: 
(1) at the final follow-up, the HKA angle and JLO were 
significantly higher in the increased MPTA group than in 
the normal group; (2) the clinical outcomes were not sig-
nificantly different between the two groups; (3) no signifi-
cant difference in cartilage deterioration of the LTC was 
found between the increased and normal MPTA groups on 
second-look arthroscopy; and (4) lateral compartment knee 
joint pain was experienced more frequently in the increased 
MPTA group than in the normal group.

OWHTO is a popular surgery for patients with sympto-
matic varus knee OA [8, 13]. However, because this opera-
tion directly changes the geometry of the proximal tibia, 
increased MPTA or JLO can frequently occur [2]. Recently, 
Feucht et al. reported that slight overcorrection is accepted 
(MPTA ≤ 95°), such that 172 knees of 303 knees (57%) can 
be corrected via isolated OWHTO, whereas 99 knees of 303 
knees (33%) of patients would still require a double-level 
osteotomy [6]. Furthermore, this study demonstrated that the 
MPTA at the final follow-up was > 95° in 65 knees (17.2%) 
and ≤ 95° in 311 knees (82.7%). In general, a higher post-
operative MPTA after OWHTO is dependent on a higher 
preoperative MPTA, as well as on changes in HKA angle 
[5]. In this study, there were no significant differences in the 
preoperative MPTA or HKA angle between the two groups. 
The mean correction angle in the increased MPTA group 
(10°) was similar to that in the normal group (10°). However, 
the HKA angle was significantly higher in the increased 
MPTA group (valgus, 2.5°) than in the normal group (val-
gus, 1.5°). Lee et al. reported that JLO was increased to 4.1° 
and MPTA was increased to 9.0° after OWHTO [15]. Simi-
larly, the present study demonstrated that the mean MPTA 
angle was increased to 10.7° in group A and 5° in group B, 
and the mean postoperative JLO was estimated at 5.5° in 
group A and 0.9° in group B. Consequently, the change in 
JLO relative to the ground may be smaller than the change 
in MPTA. These findings suggest that increased MPTA after 
OWHTO may be compensated by the soft tissue in the knee 
and the change in the ankle joint line. Akamatsu et al. also 
suggested a compensatory change in the ankle joint line after 
OWHO [1].

This study showed apparently improved minimum 4-year 
follow-up clinical outcomes after OWHTO, regardless of an 
increased MPTA, as previous evidence showed [9]. Contrary 
to the authors’ expectation that the increased MPTA group 
would show inferior clinical outcome based on the report 
that increased JLO on the proximal tibia led to valgus shear 
stress on the articular cartilage, there were no significant 

Table 3  Comparison of clinical outcome between two groups

Parameters Increased 
group 
(n = 31)

Normal group (n = 31) p value

HSS
 Preoperative 64.1 ± 13.7 67.5 ± 10.8 n.s.
 Postoperative 92.1 ± 10.0 91.0 ± 9.6 n.s.

WOMAC
 Preoperative 44.8 ± 19.0 44.1 ± 13.2 n.s.
 Postoperative 8.1 ± 10.5 7.9 ± 7.0 n.s.

KSS pain
 Preoperative 29.5 ± 10.6 26.9 ± 7.9 n.s.
 Postoperative 42.8 ± 8.4 45.2 ± 4.4 n.s.

KSS function
 Preoperative 61.8 ± 15.2 59.3 ± 10.1 n.s.
 Postoperative 92.2 ± 10.2 91.2 ± 7.4 n.s.

Range of motion (°) 4.0 ± 0.9 4.0 ± 0.9 n.s.
Symptom to lateral 

compartment 
(cases)

14 3 0.004

Table 4  Frequency of International Cartilage Repair Society grade in 
articular cartilage

Increased group (n = 18) Normal group (n = 18)

Preoperative 2nd look 
arthros-
copy

Preoperative 2nd look 
arthroscopy

n (%) n (%) n (%) n (%)

MFC (grade)
 1 0 (0) 0 (0) 0 (0) 0 (0)
 2 1 (5) 5 (28) 0 (0) 10 (55)
 3 7 (39) 12 (67) 3 (17) 7 (40)
 4 10 (56) 1 (5) 15 (83) 1 (5)

MTC (grade)
 1 0 (0) 0 (0) 0 (0) 0 (0)
 2 3 (17) 1 (5) 1 (5) 9 (50)
 3 8 (44) 17 (95) 9 (51) 9 (50)
 4 7 (39) 0 (0) 8 (44) 0 (0)

LFC (grade)
 0 12 (67) 11 (62) 11 (61) 9 (50)
 1 6 (33) 6 (33) 7 (39) 9 (50)
 2 0 (0) 1 (5) 0 (0) 0 (0)

LTC (grade)
 0 11 (61) 10 (56) 10 (56) 9 (50)
 1 7 (39) 7 (39) 8 (44) 8 (45)
 2 0 (0) 1 (5) 0 (0) 1 (5)
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differences in WOMAC score, KSS, and HSS score between 
the two groups. Several previous studies also showed that 
high MPTA or JLO after OWHTO does not correlate with 
clinical outcomes at short- and mid-term follow-up [9, 12, 
15, 18]. However, recent studies have shown conflicting 
results in terms of whether high MPTA or JLO worsens 
the clinical outcome after OWHTO. Indeed, Schuster et al. 
reported in a long-term clinical study that the high MPTA 
group showed inferior clinical outcomes based on IKDC 
scores. However, long-term survivorship, defined as con-
version to arthroplasty, was the same as that in the normal 
MPTA group, and other general results are sufficient to con-
firm a mild effect of increase in MPTA [20]. Akamatsu et al. 
divided patients into two groups according to an MPTA of 
95° as a reference and reported lower knee injury and osteo-
arthritis outcome scores (KOOSs) in the sports and recrea-
tion subscales in the higher MPTA group. They explained 
that the result was due to the biomechanics arising from the 
shearing force caused by the lateral inclination of the tibia 
plateau after OWHTO [1, 17]. Similarly, the most recent 
evidence from Kubota et al. showed a negative correlation 
between the JLO after OWHTO and the clinical outcome 
based on the KOOSs in the pain, sports and recreation, and 
activities of daily living subscales [14].

The present study investigated whether a higher MPTA 
increased cartilage deterioration in the lateral compartment on 
second-look arthroscopy after OWHTO. No significant differ-
ence in cartilage regeneration in the LTC was found between 
the increased (> 95°) and normal (≤ 95°) MPTA groups. Simi-
larly, Kim et al. reported that marked postoperative joint line 
obliquity had a negative impact on articular cartilage repair 
after OWHTO according to initial arthroscopy and second-
look arthroscopy. However, this study investigated only the 
medial compartment of the knee joint [12]. In a previous 
animal study, no significant differences in macroscopic and 
microscopic structural changes in the lateral meniscus were 
found between sheep that received varus osteotomy and those 
that received valgus osteotomy 6 months after HTO [21]. In a 
long-term follow-up study, Hernigou et al. demonstrated that 
only five knees with corrected valgus showed lateral com-
partment osteoarthritic changes on plane radiography after 
OWHTO [10]. Another study investigated only 16 knees of 
159 knees with corrected valgus to anatomical axis as 167° 
conversion to arthroplasty at final follow-up (17.9 years) [19]. 
Another study reported cartilage deterioration in the lateral 
compartment at rates of 16.3% in the LFC and 9.8% in the LTC 
in the increased MPTA group (> 95°) 1 year after OWHTO 
[1]. Another study reported that approximately 10% of patients 
showed deterioration in the lateral compartment cartilage with 
or without a pre-existing lateral cartilage lesion at short-term 
follow-up. They concluded that overcorrection of the knee 
did not accelerate the deterioration of the pre-existing lateral 
cartilage lesion [16]. However, the results of previous studies 

were considered to be partly attributable to the timing of the 
short-term follow-up at 1 year, and it was suggested that the 
progression of cartilage deterioration in the lateral compart-
ment after OWHTO might become evident in a long-term 
follow-up study. Although the present study found no changes 
in cartilage deterioration in the lateral compartment under sec-
ond-look arthroscopy approximately 1 year after OWHTO, the 
number of patients with lateral compartment symptoms was 
significantly higher in the increased MPTA group than in the 
normal MPTA group at final follow-up (14 vs 3). This result 
corresponds to Akamatsu’s finding that pain arises from shear-
ing force caused by the lateral inclination of the tibial plateau 
after OWHTO [1]. In a biomechanical study, Nakayama et al. 
reported that increased JLO in the proximal tibia, defined by 
an MPTA > 95°, led to eccentric valgus shear stress on the 
articular cartilage, which was found to result in cartilage dete-
rioration of the lateral compartment in a long-term follow-up 
study [17]. Furthermore, an in vivo study in sheep found that 
overcorrection significantly decreased the proliferative activ-
ity of the cells in the red–red zone of the lateral compartment 
[21]. This study demonstrated that significant overcorrection 
in the increased group contributed to an increased frequency 
of lateral compartment pain due to increased shear force. On 
the basis of these findings, long-term follow-up examinations, 
such as simple radiography or magnetic resonance imaging, 
may show cartilage deterioration in the lateral compartment 
after OWHTO in the future.

This study has several limitations. First, this was a retro-
spective study with the usual limitations and bias inherent 
to single-center retrospective studies. However, the use of a 
PSM analysis increased the sample quality, enabling us to 
draw solid conclusions. Second, second-look arthroscopy 
was not performed in all the patients and was not performed 
at the same time as the last clinical and radiographic fol-
low-up examinations. The authors, therefore, believe that 
progression of cartilage deterioration in the lateral compart-
ment after OWHTO may become evident in a long-term 
follow-up study. Third, a correlation between the clinical 
outcome and the size of the cartilage lesion in the lateral 
compartment was not observed; further studies are required 
to determine this association. Despite these limitations, 
this study showed that the increased MPTA group had sig-
nificantly more frequent lateral compartment pain than the 
normal MPTA group. Therefore, surgeons should take care 
to avoid overcorrection of the MTPA over 95° or consider 
double-level osteotomy.

Conclusion

Contrary to the hypothesis, this study found no signifi-
cant difference in terms of clinical outcomes, including 
cartilage deterioration in the lateral compartment of the 
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knee joint, between the patients who showed a postop-
erative MPTA > 95° and those who showed a postopera-
tive MPTA ≤ 95° after OWHTO. Regardless of the MPTA 
increase, OWHTO procedures provide good clinical out-
comes and do not cause cartilage deterioration in the lat-
eral compartment at a minimum of 4 years of follow-up. 
Although lateral compartment pain was more frequent in 
the increased MPTA group (> 95°), long-term follow-up 
studies are needed to evaluate the effect of increased MPTA 
after HTO to determine the correlation between MPTA and 
clinical outcomes.
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