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Abstract

Objectives: Closing-wedge high tibial osteotomy (CWHTO) and opening-wedge high tibial osteotomy
(OWHTO) are commonly used osteotomy techniques for the symptomatic knee osteoarthritis treatment.
However, there is no consensus on which method provides superior outcomes. In this study, we
compared the clinical outcomes, radiologic outcomes, and postoperative complications of these
techniques.

Methods: In a randomized controlled trial, 76 patients with medial compartment knee osteoarthritis and associated
varus malalignment were randomized into the CWHTO and OWHTO groups (n=38). The primary outcome measures
were knee function evaluated by Knee Injury and Osteoarthritis Outcome Score (KOOS) and knee pain assessed
by a visual analog scale. The secondary outcome measures were posterior tibial slope (PTS), tibial bone varus
angle, and postoperative complications.

Results: Both techniques significantly improved the clinical and radiologic outcome measures. The mean
improvement of total KOOS was not significantly different between the CWHTO and OPHTO groups (P=0.55).
Moreover, the improvement in various KOOS subscales was not significantly different between the two groups. The
mean improvement of Visual Analogue Scale (VAS) was not significantly different between the CWHTO and
OWHTO groups (P=0.89). The mean PTS change was not significantly different between the two groups (P=0.34).
The mean improvement of the varus angle was not significantly different between the two groups (P=0.28). The rate
of postoperative complications was not remarkably different between the CWHTO and OWHTO groups.

Conclusion: Considering no observed superiority of each osteotomy technique over the other one, two techniques

could be used interchangeably and based on the surgeon's preference.

Level of evidence: |
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Introduction

K nee osteoarthritis is one of the most common
disorders in the elderly population.! The affected

patients generally develop knee varus deformity,
which further overloads the medial compartment and
accelerates the degenerative changes in the articular
cartilage.? High tibial osteotomy (HTO) is the surgical
procedure used to treat angular deformity of the knee,
thereby preventing the development or progression of
knee osteoarthritis.3 It is done by various techniques.
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Among them, the closing wedge HTO (CWHTO) and
opening wedge HTO (OWHTO) are regarded as the two
most frequent HTO techniques.3

While favorable results have been reported following both
CWHTO and OWHTO, each technique has its own
advantages and disadvantages. The CWHTO has the
advantage of inherent stability provided by direct bone
contact, leading to faster bone healing. The CWHTO
drawback is the need for fibular osteotomy or proximal
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tibiofibular joint release, which in turn increases its
associated morbidities, such as the risk of peroneal nerve
injury.# It also carries a higher risk of opposite cortical
fracture. The OWHTO has the advantage of less challenging
conversion to total knee arthroplasty (TKA) and the
disadvantage of a higher non-union rate.#7 As a result,
neither technique has clinical superiority over the other,
and technique selection is largely derived from surgeon
preference.*

In this dilemma, numerous studies have compared the
clinical and radiological outcomes of CWHTO and OWHTO
with the goal of finding convincing evidence in favor of one
technique. In the majority of earlier investigations, no
significant difference was observed between the clinical
outcomes of the two techniques. However, a recent study by
Filho et al. revealed patients who underwent OWHTO had a
3-fold higher risk of failure compared to the patients who
underwent CWTHO.8 In addition, there is some controversy
regarding the radiologic outcomes of the CWHTO and
OWHTO. While some studies show increased posterior
tibial slope (PTS) following OWHTO,%1® a study by
Bagherifard et al. demonstrated no significant effect of
OWHTO on PTS.1! Therefore, further studies are required to
resolve the available controversies on the selection of the
HTO technique.

In the present study, we performed a randomized
controlled trial to compare the clinical and radiologic
outcomes of CWHTO and OWHTO. We hypothesized that if
both techniques are equivalent in clinical and radiologic
outcomes, then an OWHTO could be selected to facilitate
future conversion to TKA.

CLOSING-WEDGE VERSUS OPENING-WEDGE HIGH TIBIAL OSTEOTOMY

Materials and Methods
Study design

This randomized controlled trial (RCT) was approved by
the ethics board of our institute under the code
IRMUMS.MEDICAL.REC.1397.451. The protocol of the study
was also registered on the Iranian Registry of Clinical Trials
under the code IRCT20180408039241N1. Patients
provided written informed consent before participation in
the study. The study population was selected from the
patients who were referred to the knee clinic of our
orthopedic department between January 2017 and January
2018 and had an indication for unilateral HTO (medial
compartment knee osteoarthritis and associated varus
malalignment). The inclusion criteria were grade II-IIl knee
osteoarthritis according to the Kellgren-Lawrence
classification,'2 medial joint pain, 6-122 varus deformity, and
age of 18-60 years. Patients with a severely narrowed lateral
compartment on plain radiography (grade D) according to
International Knee Documentation Committee (IKDC)
grading,® any pathology in meniscus and ligaments,
tibiofemoral subluxation > 1 cm, medial compartment bone
loss > 3 mm, flexion contracture > 152, Knee range of motion
(ROM) < 909, inflammatory arthritis, peripheral vascular
disorders, venous insufficiency and varicose veins, a history
of knee fractures or surgery, and lower limb muscle lesions,
obesity (BMI > 35) were excluded from the study [Figure 1].
The clinical examination of the knee instability was
evaluated by an orthopedic surgeon who had a subspecialty
in the field of sports surgery.l421 All patients with knee
instability were excluded.
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Figure 1. Flow diagram of the study
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Tibiofemoral subluxation was evaluated on standing
radiography and defined as the distance between the lines
drawn tangent to the most lateral articular surface of the
lateral femoral condyle and the lateral tibial condyle.z2
Tibiofemoral subluxations were evaluated two times by two
knee surgeons, with an interval of two weeks. The inter- and
intraobserver reliability of measurements were 0.91 and
0.93, respectively.

Medial compartment bone loss was evaluated on the
anteroposterior (AP) radiograph. For this purpose, aline was
drawn from the center of the lateral plateau, perpendicular
to the long axis of the tibia, across the joint surface. The
distance between this line and the deepest part of the defect
in the medial tibial condyle was regarded as bone loss.23
Medial compartment bone loss was evaluated two times by
two knee surgeons, with an interval of two weeks. The inter-
and intraobserver reliability of measurements was 0.94 and
0.95, respectively.

Knee flexion contracture and ROM were evaluated using a
standard short arm goniometer by a knee surgeon who was
not involved in the study design.

Randomization

Patients who met the study criteria were first divided into
two categories of males and females, each containing 38
patients. Afterward, for each category, 38 random numbers
were selected from a list of random numbers prepared by
Excel software (in two categories of even and odd numbers)
and placed in sealed opaque envelopes. The envelopes were
given to an independent assistant not directly involved in the
study, and when the patient was referred for surgery, the
envelope was opened, and based on whether the number
was odd or even, medial opening-wedge osteotomy or lateral
closing-wedge osteotomy was performed on that patient,
respectively.

Surgical intervention

Preoperative planning was performed on weight-bearing
hip-knee-ankle (HKA) radiographs using the Dugdale
method, and the mechanical axis was planned on the
Fujisawa point.2¢ Both techniques were done under sterile
conditions and using general anesthesia. In the CWHTO
group, a lateral incision of the proximal tibia was carried out
with fluoroscopic guidance. Proximal fibular osteotomy was
performed with peroneal nerve preservation. After
performing anterior tibial corticotomy approximately 2 cm
below the joint line with patellar tendon retaining, medial
tibial corticotomy with retaining of the medial collateral
ligament (MCL), lateral corticotomy with retaining of lateral
collateral ligament, and posterior corticotomy with retaining
of the popliteal artery, the lateral wedge osteotomy was
stabilized with two genu varum staples. Patients with a
closing wedge procedure were supplied with a knee brace. In
the OWHTO group, a medial incision of the proximal tibia
was carried out to expose the proximal tibia with
fluoroscopic guidance. Subsequently, just proximal to the
tibial tuberosity, a medial proximal uniplanar osteotomy was

CLOSING-WEDGE VERSUS OPENING-WEDGE HIGH TIBIAL OSTEOTOMY

performed and opened according to the preoperative plan.
The MCL was transected at the site of the osteotomy. A wedge
corticocancellous allograft of appropriate size was placed at
the osteotomy site, and the proximal tibia was fixed using a
TomoFix Medial High Tibia Plate (Osveh Asia Medical
Instrument Co, Mashhad, Iran), three proximal 6.5 cancellous
screws, and three distal bicortical 4.5 screws. Then the drain
was inserted.

Postoperative protocol

In both groups, active and passive knee ROM was started
immediately after the operation to achieve 90° of knee
flexion before discharge. Partial weight-bearing using
crutches was allowed for the first three weeks after the
operation. Full weight-bearing as tolerated (using crutches)
was allowed for the next three weeks. Follow-up visits were
performed at two weeks, six weeks, three months, and six
months after the operation. Radiologic follow-ups were
performed at six weeks, three months, and six months
postoperatively and included standard alignment view, AP,
and lateral radiographs.

Outcome measures

The primary outcome measures were knee function and
pain. Knee function was evaluated before the operation and
six months after the operation using the Persian-translated
version of the Knee Injury and Osteoarthritis Outcome Score
(KOOS), which included 42 items and five subscales of pain,
symptoms, activities of daily living, sport, and knee-related
quality of life (QOL).2> The scores were transformed into a 0
to 100 scale, and a higher score was indicative of fewer knee
problems. Knee pain was also evaluated before the operation
and in the last follow-up using the visual analog scale (VAS)
with two endpoints, including zero (no pain) and ten (worst
possible pain).

Secondary outcome measures were PTS, tibial bone varus
angle, union, osteoarthritis progression, weight-bearing
status, and postoperative complications. Osteoarthritis
progression was determined by comparing the preoperative
and final osteoarthritis grades.

The varus angle was evaluated on the alignment view
radiograph. The PTS was evaluated on the lateral
radiographs and according to the proximal tibial anatomic
axis.26

The osteotomy site in CWHTO was fixed rigidly with a plate.
The osteotomy site in OWHTO was filled with impaction
allograft and was fixed with a plate. No micromotion was
observed at the osteotomy site during the surgery. The union
was periodically evaluated clinically and radiologically. The
absence of pain and the absence of bone callus at the
osteotomy site indicated the union. In case of any doubt
about the union a CT scan was performed.2728

Sample size calculation

The sample size was calculated based on the difference
between femoral and tibial angles in the two techniques,
reported by Pourfeiz.2? Accordingly, 34 patients in each
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group were identified to be enough to find a significant
difference using an independent t-test. Taking into account a
drop-out rate of 10%, 38 individuals were included in each
study group.

Statistical analysis

The SPSS for windows (version 16, SPSS Inc., Chicago, 11l
USA) was used for statistical evaluations. Descriptive data
were demonstrated by the mean and standard deviation for
quantitative variables and by number and percentage for
qualitative variables. The normality of distribution was
checked with a Kolmogorov-Smirnov test. A paired t-test or
its nonparametric counterpart (Wilcoxon signed rank test)
was used to compare dependent mean values. An
independent t-test or its nonparametric counterpart (Mann-
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Whitney U test) was used to compare independent mean
values. A Chi-Square or Fisher exact test was used to
compare qualitative variables. A P-value < 0.05 was
considered statistically significant.

Results
Baseline characteristics

Seventy-three patients, including 38 females and 35 males,
with a mean age of 369 + 12.1, completed the study. The
number of participants who completed the study in the
CWHTO and OWHTO was 36 and 36 patients, respectively.
No significant difference was observed between the baseline
characteristic features of the two study groups [Table 1].

Table 1. Baseline characteristic features of patients in the closing-wedge and opening-wedge high tibial osteotomy groups

Variables Closing-wedge (n=36) Opening-wedge (n=37) P-value
Age (years) 37.2+12.2 36.7+10.1 0.34
BMI (kg/m?) 26.8+4.4 25.945.6 0.16
Gender
. Male 17 (47.2) 18 (48.6) 0.82
e  Female 19 (52.8) 19 (51.4)
Laterality
e  Right 21 (58.3) 20 (54) 0.87
o Left 15 (41.7) 17 (46)
Stability
e  Stable 34 (94.4) 34 (91.9) 0.68
e  Anterior-posterior instability 1(2.8) 3(8.1)
. Medial-lateral instabitlity 1(2.8) 0 (0.0)
Osteoarthritis grade
o I 27 (75) 30 (83.3) 0.72
o I 9 (25) 7 (18.9)
Patellofemoral osteoarthritis 5(13.8) 4(10.8) 0.59

BMI: Body mass index. Data are presented with mean * standard deviation or number (%). A P<0.05 is considered statistically significant

Primary outcome measure

In the CWHTO group, the mean total KOOS was 50.5 + 10.9
before the operation and 82.3 # 11.5 six months after the
operation (P<0.001). In the OWHTO group, the mean total
KOOS was 51.3 = 10.6 before the operation and 83.5 +11.1
six months after the operation (P<0.001). The mean
improvement of total KOOS was not significantly different
before the operation and six months after the operation,
respectively (P<0.001). The mean improvement of VAS was

between the CWHTO and OPHTO groups (P=0.55).
Moreover, the improvement in various KOOS subscales was
not significantly different between the two groups [Table 2].

In the CWHTO group, the mean VAS for pain was 6.3 + 2.9
and 3.2 * 2.3 before the operation and six months after the
operation, respectively (P<0.001). In the OWHTO group, the
mean VAS for pain was measured at 5.7 + 2.3 and 2.7 + 2.2
not significantly different between the CWHTO and OWHTO
groups (P=0.89).
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Table 2. Comparison of the outcome measures between the closing-wedge and opening-wedge high tibial osteotomy groups

Variables
KOOS improvement
. Pain
e  Symptom
e  Activities of daily living
e  Sport
. Knee-related quality of life
e Total

Improvement of visual analoque scale
Change of posterior tibial slope (°)

Improvement of tibial bone varus angle (°)

Closing-wedge (n=36) Opening-wedge (n=37) P-value
31.5+9.8 32+8.7 0.63
33.38.6 34.1+8.9 0.32
28.9+8.3 29.2+8.5 0.44
35.3+10.2 34.8+9.7 0.51
29.9+9.2 31.3+7.9 0.71
31.8+9.9 32.249.5 0.55
3.1+1.6 3£15 0.89
1.8+1.1 1.6x1 0.34
6.2+2.9 5.9+2.7 0.28

Data are present with mean # standard deviation. P<0.05 is considered significant

Secondary outcome measures

In the CWHTO group, the mean PTS was 8.1 + 3.12 before
the operation and 6.3 + 3.2° six months after the operation
(P=0.021). In the OWHTO group, the mean PTS was 10.3 *
4.42 before the operation and 8.9 * 3.69 six months after the
operation (P=0.028). The mean PTS change was not
significantly different between the two groups [P=0.34;
Table 2].

In the CWHTO group, the mean tibial varus angle was 8.8 *
4.72 before the operation and 2.6 * 3.79 six months after the
operation (P<0.001). In the OWHTO group, the mean tibial
varus angle was calculated at 9.4 * 4.52 before the operation
and 3.5 * 3.89 six months after the operation (P<0.001). The
mean improvement of the varus angle was not significantly
different between the two groups [P=0.28; Table 2].

Postoperative complications

Union of the osteotomy site was observed in all patients.
However, in one patient of the OWHTO group, the union was
delayed. Six months after the operation, one patient in the
CWHTO group had limited knee ROM (1199), while no
patient in the OWTHO group showed limited ROM.
Osteoarthritis progression was not seen in any patients of the
two study groups. Two patients in the CWHTO group were
incapable of full weight-bearing in the last follow-up,
whereas all patients in the OWHTO group had full weight-
bearing. One patient in the CWHTO group experienced
immediate  failed varus correction immediately.
Postoperative infection occurred in one patient of each
group. One case of intra-articular fracture occurred in the
OWHTO group immediately after the operation. In this
patient, the varus malalignment was not corrected as
expected. Two patients in the OWHTO group experienced
lateral hinge fractures. Deep vein thrombosis occurred in one
patient of the OWHTO two weeks after the surgery [Table 3].

Table 3. Comparison of postoperative complication between the
closing-wedge and opening-wedge high tibial osteotom

Complication Clo-sing-wedge Opening-wedge
(n=36) (n=37)
Delayed healing 0 1(2.7)
Limited range of motion 1(2.8) 0
Limited wight-bearing 2(5.5) 0
Failed varus correction 1(2.8) 0
Infection 1(2.8) 1(2.7)
Intra-articular fracture 0 1(2.7)
Lateral hinge fracture 0 2 (5.4)
Deep vein thrombosis 0 1(2.7)

Data are presented as numbers (%)

Discussion

In this study, we compared the clinical outcomes, radiologic
outcomes, and postoperative complications of CWHTO with
OWHTO in patients with symptomatic medial osteoarthritis
and varus deformity of the knee. Six months after the
operation, no significant difference was found between the
improvement of KOOS (total and subscales) in the two study
groups. Additionally, radiologic outcomes, including the
improvement of varus angle and PTS change, were not
significantly =~ different between the two groups.
Postoperative complications were not remarkably different
between the two groups, as well.

Numerous studies have compared the outcomes of CWHTO
with OWHTO. Furthermore, several meta-analyses have
been conducted in this regard. In 2011, Smith et al
performed a meta-analysis to compare the clinical and
radiological outcomes of CWHTO with OWHTO. Twelve
studies (nine clinical trials) comparing 324 patients in the
OWHTO group and 318 patients in the CWHTO group were
included. No significant difference was found between the
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clinical outcomes and postoperative complications of the two
groups. However, PTS, mean angle of correction, reduced
patellar height, and HKA angle correction were significantly
greater after OWHTO.19Similar to the study of Smith etal., we
found no significant difference between the clinical outcomes
and postoperative complications of the two groups. The
mean final PTS of the patients was significantly higher in the
OWHTO group of the present study. However, it was due to
the higher preoperative PTS in the OWHTO group, as the
mean change of PTS was not significantly different between
the two groups.

In 2017, Sun et al. performed a meta-analysis to compare
the clinical outcomes, radiologic outcomes, and
complications of OWHTO with CWHTO. Twenty-three
studies, including 19 RCTs, were included in this meta-
analysis. No significant difference was observed between the
clinical outcomes of the two groups. However, OWHTO led to
greater PTS and limb length and smaller patellar height. In
addition, the accuracy of correction was higher in the
OWHTO group. On the other hand, CWHTO was associated
with a higher incidence of opposite cortical fracture.” While
clinical outcomes of the two-osteotomy technique were
similar in our study, no case of opposite cortical fracture was
observed in this series, which could be attributed to the
short-term follow-up of the study. In addition, our result does
not support a greater PTS and more accurate correction by
OWHTO.

In 2018, Wang et al. performed a meta-analysis of available
RCTs to determine whether OWHTO is superior to CWHTO
in the treatment of unicompartmental osteoarthritis. Nine
RCTs (599 patients) were included. No significant difference
was found between the VAS for pain, Hospital for Special
Surgery Knee-Rating Scale, walking distances, HKA angles,
complications, and survival rates of the two-osteotomy
techniques. However, the PTS was significantly greater in the
OWHTO group. They suggested considering this difference to
individualize osteotomy type based on the patient's need.?

In 2019, Cheng et al. performed a metanalysis to compare
the changes in the clinical and radiological variables between
the CWHTO and OWHTO groups. Twenty-eight trials
involving 2,840 knees were included in this analysis.
Improvement of clinical scores, HKA, and anatomical
femorotibial angle was not significantly different between
the two groups. However, OWHTO was associated with
increased PTS and decreased patellar height. Accordingly,
they suggested personalizing the osteotomy technique using
the specific situation of each patient.3°

Kim et al,, in a meta-analysis, compared the survival of the
CWHTO with OWHTO. Twenty-three studies were included
in this analysis. The majority of them (20 of 23) were of level
IV evidence. The pooled 5-year survival was not significantly
different between the two groups (95.1% for OWHTO vs.

93.9% for CWHTO). The pooled 10-year survival was
significantly greater for the OWHTO group (91.6% for
OWHTO vs. 85.4% for CWHTO).31 Due to the short-term
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follow-up of the patients, survival analysis was not
performed in the present study.

Altogether, the results of the current study, in line with the

results of earlier studies, show no significant difference
between the clinical outcomes and postoperative
complications of the two osteotomy techniques. Although the
majority of earlier studies have reported a greater PTS
following the OWHTO, the mean PTS was significantly
reduced in both groups of the present study. Additionally, the
mean reduction of PTS was not significantly different
between the two groups. Meanwhile, the study of
Bagherifard et al. revealed a negligible PTS reduction of less
than 12 OWHTO. 11 These inconsistencies could be attributed
to the characteristic features of the included patients, and
future standard studies are required to further evaluate the
effect of CWHTO and OWHTO on PTS.
The present study was not without limitations. The main
limitation of the study was its short follow-up. The small
sample size could be regarded as the other limitation of this
study. Therefore, future studies with longer follow-ups and
larger patient numbers are required to confirm the results of
the present study. In addition, patellar height, which is a
useful assessment method in comparing the two osteotomy
techniques,32 was not investigated in the present study.

The clinical outcomes, radiologic outcomes, and
postoperative complications of CWHTO and OWHTO are not
significantly different, at least in short-term follow-up.
According to these results, OWHTO is not superior to
CWHTO in the treatment of symptomatic medial
osteoarthritis and varus deformity of the knee, and the
osteotomy technique can be selected based on the surgeon's
preference.

Conclusion

The clinical outcomes, radiologic outcomes, and
postoperative complications of CWHTO and OWHTO are not
significantly different, at least in short-term follow-up.
According to these results, OWHTO is not superior to
CWHTO in the treatment of symptomatic medial
osteoarthritis and varus deformity of the knee , and the
osteotomy technique can be selected based on the surgeon's
preference.

Acknowledgement
Not applicable

Conflict of interest: None
Funding: None

Mohammadreza Safdari MD 1.2
Ali Dastjerdi MD 1



(427)

THE ARCHIVES OF BONE AND JOINT SURGERY. ABJS.MUMS.AC.IR
VOLUME 11. NUMBER 6. June 2023

CLOSING-WEDGE VERSUS OPENING-WEDGE HIGH TIBIAL OSTEOTOMY

Nahid Makhmalbaf MD 1 1 Orthopedic Research Center, Mashhad University of
Mahshid Makhmalbaf MD 1! Medical Sciences, Mashhad, Iran
Hadi Makhmalbaf MD 1 2 Department of Orthopedic Surgery, North Khorasan
University of Medical Sciences, Bojnurd, Iran
References
1. Primorac D, Molnar V, Rod E, et al. Knee Osteoarthritis: A for diagnosis of knee injuries. Sports Med Arthrosc Rehabil

10.

11.

12.

13.

14.

Review of Pathogenesis and State-Of-The-Art Non-Operative
Therapeutic Considerations. Genes. 2020; 11(8) doi:
10.3390/genes11080854.

Marcovigi A, Zambianchi F, Giorgini A, Digennaro V, Catani F.
The Impact of Bone Deformity on Osteoarthritic Varus Knee
Correctability. ] Arthroplasty. 2016; 31(12):2677-2684.
doi:10.1016/j.arth.2016.07.007.

Liu X, Chen Z, GAO Y, Zhang ], Jin Z. High Tibial Osteotomy:
Review of Techniques and Biomechanics. ] Healthc Eng. 2019;
2019:8363128.d0i:10.1155/2019/8363128.

Ruzbarsky J], Dare DM, Marx RG. Closing Verses Opening
Wedge High Tibial Osteotomy: an Evidence-Based Review.
HSSJ.2015; 11(3):291-3. d0i:10.1007 /s11420-015-9440-1.
Mattei L, Lea S, Nicolaci G, Ferrero G, Marmotti A, Castoldi F.
Closing wedge tibial osteotomy: is it an actual procedure
nowadays? Ann Joint. 2017; 2(6). doi:
10.21037/a0j.2017.06.04.

Tunggal JA, Higgins GA, Waddell JP. Complications of closing
wedge high tibial osteotomy. Int Orthop. 2010; 34(2):255-61.
doi:10.1007/s00264-009-0819-9.

Sun H, Zhou L, Li F, Duan ]. Comparison between Closing-
Wedge and Opening-Wedge High Tibial Osteotomy in
Patients with Medial Knee Osteoarthritis: A Systematic
Review and Meta-analysis. ] Knee Surg. 2017; 30(2):158-165.
doi:10.1055/s-0036-1584189.

Filho RB, Xara-Leite F, Andrade R, et al. Survivorship of high
tibial osteotomy: comparison between opening and closing
wedge osteotomy. Ann Joint. 2018; 3:52. doi:
10.21037/a0j.2018.05.05.

Wang Z, Zeng Y, She W, Luo X, Cai L. Is opening-wedge high
tibial osteotomy superior to closing-wedge high tibial
osteotomy in treatment of unicompartmental osteoarthritis?
A meta-analysis of randomized controlled trials. Int] Surg
(London). 2018; 60:153-163. d0i:10.1016/j.ijsu.2018.10.045.
Smith TO, Sexton D, Mitchell P, Hing CB. Opening- or closing-
wedged high tibial osteotomy: a meta-analysis of clinical and
radiological outcomes. Knee. 2011; 18(6):361-8.
doi:10.1016/j.knee.2010.10.001.

Bagherifard A, Jabalameli M, Rezazadeh ], et al. The Effect of
Opening-Wedge High Tibial Osteotomy on the Posterior
Tibial Slope Assessed by Three Different Evaluation Methods.
] Res Orthop Sci. 2018; 5(3):0-0. d0i:10.5812 /s0j.68424.
Kellgren JH, Lawrence JS. Radiological assessment of osteo-
arthrosis. Ann Rheum Dis. 1957; 16(4):494-502.
doi:10.1136/ard.16.4.494.

Wright RW. Osteoarthritis Classification Scales: Interobserver
Reliability and Arthroscopic Correlation. ] Bone Joint Surgery
Am. 2014; 96(14):1145-1151. d0i:10.2106/jbjs.m.00929.
Rossi R, Dettoni F, Bruzzone M, Cottino U, D'Elicio DG,
Bonasia DE. Clinical examination of the knee: know your tools

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Ther Tech. 2011; 3:25. doi:10.1186/1758-2555-3-25.
Malanga GA, Andrus S, Nadler SF, McLean J. Physical
examination of the knee: a review of the original test
description and scientific validity of common orthopedic
tests. Arch Phys Med Rehabil. 2003; 84(4):592-603.
doi:10.1053/apmr.2003.50026.

Torg ]S, Conrad W, Kalen V. Clinical diagnosis of anterior
cruciate ligament instability in the athlete. Am ] Sports Med.
1976; 4(2):84-93.d0i:10.1177/036354657600400206.
Galway HR, MacIntosh DL. The lateral pivot shift: a symptom
and sign of anterior cruciate ligament insufficiency. Clin
Orthop Relat Res. 1980 ;( 147):45-50.

Elkin JL, Zamora E, Gallo RA. Combined Anterior Cruciate
Ligament and Medial Collateral Ligament Knee Injuries:
Anatomy, Diagnosis, Management Recommendations, and
Return to Sport. Curr Rev Musculoskelet Med. 2019;
12(2):239-244. doi:10.1007/s12178-019-09549-3.

Fetto JF, Marshall JL. Medial collateral ligament injuries of the
knee: a rationale for treatment. Clin Orthop Relat Res. 1978 ;(
132):206-18.

Bahk MS, Cosgarea AJ. Physical examination and imaging of
the lateral collateral ligament and posterolateral corner of the
knee. Sports Med Arthrosc Rev. 2006; 14(1):12-9.
doi:10.1097,/00132585-200603000-00003.

McAllister DR, Petrigliano FA. Diagnosis and treatment of
posterior cruciate ligament injuries. Curr Sports Med Rep.
2007; 6(5):293-9.

Kim YT, Choi JY, Lee JK, Lee YM, Kim ]JI. Coronal tibiofemoral
subluxation is a risk factor for postoperative overcorrection
in high tibial osteotomy. Knee. 2019; 26(4):832-837.
doi:10.1016/j.knee.2019.05.011.

Nam SW, Kwak JH, Kim NK, Wang IW, Lee BK. Relationship
between Tibial Bone Defect and Extent of Medial Release in
Total Knee Arthroplasty. Knee Surg Relat Res. 2012;
24(3):146-50. doi:10.5792 /ksrr.2012.24.3.146.

Nerhus TK, Ekeland A, Solberg G, Olsen BH, Madsen JE, Heir S.
No difference in time-dependent improvement in functional
outcome following closing wedge versus opening wedge high
tibial osteotomy: a randomised controlled trial with two-year
follow-up. Bone Joint J. 2017; 99-B (9):1157-1166.
doi:10.1302/0301-620%.99b9.bjj-2017-0062.r1.

Saraei-Pour S, Salavati M, Akhbari B, Kazem-Nezhad A.
Translation and Adaptation of Knee Injury and Osteoarthritis
Outcome Score (KOOS) in to Persian and Testing Persian
Version Reliability Among Iranians with Osteoarthritis. Arch
Rehabil. 2007; 8(1):42-46.

Bagherifard A, Jabalameli M, Rezazadeh ], et al. The Effect of
Opening-Wedge High Tibial Osteotomy on the Posterior
Tibial Slope Assessed by Three Different Evaluation Methods.



(428)

27.

28.

29.

THE ARCHIVES OF BONE AND JOINT SURGERY. ABJS.MUMS.AC.IR
VOLUME 11. NUMBER 6. June 2023

] Res Orthop Sci. 2018; 5(3):0-0. d0i:10.5812/50j.68424.
Willems A, I¢li C, Waarsing JH, Bierma-Zeinstra SMA, Meulffels
DE. Bone Union Assessment with Computed Tomography
(CT) and Statistical Associations with Mechanical or
Histological Testing: A Systematic Review of Animal Studies.
Calcif Tissue Int. 2022; 110(2):147-161.
doi:10.1007/s00223-021-00904-6.

Corrales LA, Morshed S, Bhandari M, Miclau T, 3rd. Variability
in the assessment of fracture-healing in orthopaedic trauma
studies. ] Bone Joint Surg Am. 2008; 90(9):1862-8.
doi:10.2106/jbjs.g.01580.

Pourfeiz HH, Soleimanpour ], Sales ]G, Taleb H, Tabrizi
AJMJoTUoMS. Comparison of the short time outcomes of geno
varum correcting surgery between the open wedge and dome
shape high tibial osteotomies. Med ] Tabriz Univ Med Sci.

30.

31.

32.

CLOSING-WEDGE VERSUS OPENING-WEDGE HIGH TIBIAL OSTEOTOMY

2014; 35(6):32-37.

Cheng X, Liu F, Xiong F, Huang Y, Paulus AC. Radiographic
changes and clinical outcomes after open and closed wedge
high tibial osteotomy: a systematic review and meta-analysis.
] Orthop Surg Res. 2019; 14(1):179. d0i:10.1186/s13018-
019-1222-x.

Kim JH, Kim HJ, Lee DH. Survival of opening versus closing
wedge high tibial osteotomy: A meta-analysis. Sci Rep. 2017;
7(1):7296.d0i:10.1038/s41598-017-07856-8.

Ranawat AS, Nwachukwu BU, Pearle AD, Zuiderbaan HA,
Weeks KD, Khamaisy S. Comparison of Lateral Closing-Wedge
versus Medial Opening-Wedge High Tibial Osteotomy on
Knee Joint Alignment and Kinematics in the ACL-Deficient
Knee. Am ] Sports Med. 2016; 44(12):3103-3110.
doi:10.1177/0363546516657824.



