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Abstract 

Background:  To identify medial open-wedge high tibial osteotomy (MOWHTO) prognostic factors with wedge-
shaped spacer implantation (spacer-type MOWHTO) for varus medial compartment knee osteoarthritis.

Methods:  Patients who underwent spacer-type MOWHTO between August 2018 and September 2019 were pro-
spectively enrolled in this study. Patients were divided into effective group and invalid group based on the West-
ern Ontario and McMasters University Osteoarthritis Index (WOMAC) score one year postoperatively. The variables 
assessed at baseline and one year postoperatively including age, sex, body mass index (BMI), Kellgren–Lawrence (K–L) 
grade, hip–knee–ankle angle (HKAA), medial proximal tibial angle (MPTA), posterior tibial slope angle (PTSA), Black-
burn–Peel index (BPI), duration of symptoms, and WOMAC score were compared. Prognostic factors were analyzed 
using logistic regression, and the corresponding odds ratios were also calculated.

Results:  A total of 104 patients were enrolled in the study protocol at one year postoperatively. The WOMAC score 
decreased from 72.39 ± 12.95 at baseline to 20.06 ± 12.96 at one year postoperatively. Univariate analysis revealed 
that the significant predictors of the WOMAC score were age > 70 years, BMI > 30 kg/m2, K–L grade IV, and pre-
HKAA > 10° (P < 0.1 for all). Multivariable logistic regression analysis revealed that age > 70 (OR = 4.861) and K–L grade 
IV (OR = 6.590) were significantly associated with the higher WOMAC score at one year postoperatively.

Conclusions:  Spacer-type MOWHTO is an effective treatment for osteoarthritis with varus deformity. The prognostic 
factors for spacer-type MOWHTO are age and K–L grade.

Keywords:  Medial opening-wedge high tibial osteotomy, Absorbable implants, Medial compartment osteoarthritis, 
Knee, Age factors, Kellgren–Lawrence grade
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Background
Osteoarthritis (OA) is one of the major causes of mobility 
disorders and disability and affects over 10% of men and 
13% of women older than 60 years [1, 2]. OA is approxi-
mately ten times more frequent in the medial knee com-
partment than in the lateral compartment, and varus 
(but not valgus) alignment increases the progression of 
knee OA and eventually leads to the need for total knee 
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arthroplasty (TKA) [3–9]. Medial open-wedge high tibial 
osteotomy (MOWHTO) is a highly effective surgical pro-
cedure in younger patients with OA [5, 10–12]. It works 
by relocating the weight-bearing axis from the medial 
pathological compartment to the lateral healthy joint 
space. The main advantages of MOWHTO are joint pres-
ervation and minimal trauma. Moreover, MOWHTO 
achieves pain relief and improvement in knee function, 
which can postpone the need for TKA by 7–20  years 
[13–15].

MOWHTO is generally performed through an oblique 
incision on the medial side of the tibia while preserv-
ing the lateral tibial cortex [16, 17]. Zhang et al. recently 
reported a more minimally invasive and simple osteot-
omy in MOWHTO. This new type of MOWHTO used a 
novel absorbable wedge-shaped spacer composed of 30% 
β-tricalcium phosphate and 70% poly (lactic-co-glycolic 
acid) instead of a locking compression plate system [18]. 
Compared with conventional MOWHTO, this novel 
method has a lower cost, avoids the need for secondary 
surgery for fixation removal, and improves radiographic 
appearance and knee function during follow-up [18, 19]. 
Essentially, this type of absorbable spacer is a bone graft 
substitute that provides support in the open wedge with-
out rigid internal fixation; however, the longitudinal sta-
bility of the cut tibia cannot be guaranteed. Zhang et al. 
also performed simultaneous proximal fibular osteotomy, 
which provides a better valgus orthopedic effect but may 
cause more complications or defects [18, 19].

Considering the advantages of this novel osteotomy 
method, we hypothesized that the prognostic factors 
for MOWHTO with spacer implantation (spacer-type 
MOWHTO) would differ from those for conventional 
MOWHTO with internal fixation. Thus, spacer-type 
MOWHTO may have more limited and strict indications 
than conventional MOWHTO. Additionally, it is unclear 
whether the results of spacer-type MOWHTO are sig-
nificantly influenced by the pre- and postoperative radi-
ographic axes. Therefore, it is necessary to define clear 
prognostic factors for evaluation prior to spacer-type 
MOWHTO. The objective of this prospective study was 
to identify the prognostic factors for successful spacer-
type MOWHTO.

Materials and methods
Patients
Study approval was obtained from the research eth-
ics committee (QYFYWZLL26146). From August 2018 
to September 2019, a total of 111 spacer-type MOW-
HTO surgeries were performed by a single surgeon. 
Patient characteristics and surgical data were collected. 
All patients were asked for their consent to participate 
in the study before surgery. The inclusion criteria were 

as follows: (1) spacer-type MOWHTO performed dur-
ing the aforementioned study period, (2) no history of 
knee surgery or trauma, (3) unilateral medial compart-
ment knee OA with < 15° varus malalignment on weight-
bearing full-leg anteroposterior radiographs, (4) K–L 
grade II–IV, (5) knee range of motion of more than 20° 
in extension and 100° in flexion, and (6) minimum fol-
low-up of one year with clinical outcome evaluation. We 
excluded seven patients. Two patients required a plate to 
stabilize the tibia during the surgical procedures because 
of an unstable hinge fracture. Two patients needed reop-
eration because of tibial fractures due to a fall during the 
rehabilitation process. In addition, three patients were 
excluded due to being considered lost to follow-up.

Surgical procedures
The same doctor performed the operation under gen-
eral anesthesia. The surgical procedure was composed 
of two main steps: proximal fibular osteotomy and high 
tibial osteotomy. Proximal fibular osteotomy: A 3-cm 
longitudinal incision was made approximately four fin-
gerbreadths below the head of the fibula to avoid iatro-
genic injury to the peroneal nerve. The proximal fibular 
shaft was exposed by splitting the septum between the 
soleus and peroneus. Then, the fibula with a length of 
approximately 2  cm was cut using a saw blade, and the 
peroneal nerve was protected from damage by a retrac-
tor (Fig. 1a, b). Finally, the incisions were irrigated with 
saline. High tibial osteotomy: A 4-cm longitudinal inci-
sion was made 2 cm inferior to the knee, which extended 
along the posterior one-third of the tibia. The periosteum 
was cut between the patellar tendon and pes anserinus 
to expose the proximal tibia. A 3.5-mm guidewire was 
inserted 3 cm below the knee joint toward the proximal 
tibiofibular joint (PTFJ) to identify the optimal hinge 
position (Fig.  1c). Then, the proximal tibia was drilled 
on the osteotomy plane with a multihole parallel guiding 
apparatus and Kirschner wires (Fig. 1d, e). Through this 
process, the stiff bones get softened to reduce the rate of 
unexpected fracture during subsequent surgical proce-
dures. After that, the holes in the tibia were connected 
using a chisel with scale. A sufficient osteotomy, reaching 
10  mm near the lateral tibial cortex, was done on both 
anterior and posterior cortices toward the level of PTFJ 
to prevent hinge fracture. Test models of different thick-
nesses were slowly and carefully hammered into the oste-
otomy plane (Fig. 1f ). Meanwhile, an assistant applied a 
moderate valgus force on the ipsilateral distal tibia to cre-
ate an elastic tension. The mechanical axis of the lower 
extremity was assessed under fluoroscopic guidance to 
guarantee that the preoperative varus deformity was cor-
rected to a slight valgus or to neutral position. Then, an 
absorbable spacer implantation with a suitable size was 
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implanted. There were numerous holes and agnails on 
the absorbable spacer that could accelerate bone union 
and enhance the stability of the osteotomy plane. If no 
unstable hinge fracture was found under fluoroscopy, the 
incisions were sutured after irrigation with normal saline. 
A buttress plate was needed to stabilize the tibia during 
the surgical procedures if an unstable hinge fracture was 
found (Fig. 2).

Preoperative preparation and postoperative rehabilitation
Preoperative physical preparation: All patients completed 
a 3-week preoperative high-intensity isokinetic resist-
ance training program focusing on quadriceps and ham-
string strength. Postoperative rehabilitation: Antibiotics 
were administered within 24  h after surgery. Patients 
were encouraged to exercise joint function on the bed 
to avoid joint stiffness and deep vein thrombosis. The 
isokinetic resistance training program focusing on the 
quadriceps and hamstring strength was performed on the 
duration before full weight-bearing was allowed. Partial 

weight-bearing with crutches was initiated at 6  weeks 
postoperatively. Full weight-bearing was allowed when 
there was evidence of bone union at the osteotomy site 
(almost 3  months postoperatively) (Fig.  3). For patients 
with a BMI > 30 or severe osteoporosis, the time to full 
weight-bearing was delayed.

Clinical and radiological measurements
Clinical outcomes were evaluated using the Western 
Ontario and McMaster Universities Arthritis Index 
(WOMAC) score, which consisted of three subscales: 
pain, function, and stiffness. The WOMAC scores were 
evaluated preoperatively and one year postoperatively by 
two orthopedic surgeons who did not participate in the 
surgery. According to the postoperative total WOMAC 
scores, patients were divided into two groups: The 
patients who had a total WOMAC score ≤ 40 points were 
classified into the effective group and patients who had a 
total WOMAC score > 40 points were classified into the 

Fig. 1  Surgical procedures of spacer-type MOWHTO. The proximal fibular shaft was exposed by splitting the septum between the soleus and 
peroneus (a). The resected proximal fibula (b). A 3.5-mm guidewire was inserted 3 cm below the knee joint toward PTFJ to determine the 
osteotomy plane (c). The proximal tibia was drilled on the osteotomy plane with a multihole parallel guiding apparatus and Kirschner wires [(d) and 
(e)]. Test models of different thicknesses were hammered into the osteotomy plane (f)
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invalid group. The method and classification criteria have 
been described in previous research [20, 21].

A radiological evaluation was performed preopera-
tively and one year postoperatively (Fig.  4). All radio-
logical data were recorded by a dedicated radiology 
technician under the supervision of two orthopedic sur-
geons who did not participate in the surgery. The radio-
graphic evaluations entailed the assessment of full-length 
standing hip-to-ankle radiographs and anteroposterior 
and lateral knee radiographs. The medial proximal tibial 
angle (MPTA), hip–knee–ankle angle (HKAA), poste-
rior tibial slope angle (PTSA), and Blackburn–Peel index 
(BPI) were measured on the radiographs. The HKAA was 
defined as the angle between the mechanical axis of the 
femur and the tibia. The MPTA was defined as the medial 
angle between the tibial mechanical axis and a line con-
necting the tibial plateaus. The PTSA was defined as the 
angle between a line connecting the apex points at the 
anterior and posterior borders of the lateral tibial plateau 
and a line perpendicular to the posterior tibial cortex. 
BPI was defined as the perpendicular distance from the 

lower margin of the patellar articular surface to the tibial 
plateau line divided by the length of the patellar articular 
surface on lateral radiographs.

Statistical analysis
Normally distributed variables are expressed as the 
means and standard deviations, and categorical variables 
are presented as frequencies. The Kolmogorov–Smirnov 
normality test was employed before statistical analysis to 
determine whether parametric tests were used. The radi-
ologic measurements between the two groups were com-
pared with independent t tests. Analysis of categorical or 
dichotomized data utilized the chi-squared test. Multiple 
logistic regression analysis was performed for the vari-
ables with a P < 0.1 in the univariate analyses. Odds ratios 
(ORs) and 95% confidence intervals (CIs) were calcu-
lated. Intraclass correlation coefficients (ICCs) with 95% 
CIs were used to evaluate the reproducibility or radio-
graphic measurements, and ICCs > 0.75 were considered 
to represent excellent agreement. All computations were 
performed using standard software (SPSS 23.0; SPSS 
Inc, Chicago, IL); P < 0.05 was considered statistically 
significant.

Results
Demographics of patients
A total of 104 patients (36 males and 68 females) with a 
mean age of 61.67 ± 7.71 years (range 46–78 years) were 
eligible for our study protocol. Further details of the 
characteristics of the study cohort and the study protocol 
are shown in Table 1.

Clinical and radiographic outcomes
The WOMAC scores were significantly decreased at one 
year after surgery compared with the preoperative base-
line values (P < 0.001). According to the classification cri-
teria, 16 (15.4%) patients were classified into the invalid 
group, and 88 (84.6%) were classified into the effective 
group. The postoperative HKAA and MPTA were signifi-
cantly corrected compared with preoperative indicators. 
All preoperative varus deformities were corrected to a 
slight valgus or to a neutral position, causing a significant 
decrease in the varus angle (Fig. 5). Moreover, the PTSA 
was decreased, and the patellar height was not signifi-
cantly changed postoperatively (Table 2). For all preoper-
ative and postoperative radiologic measurement data, the 
reproducibility among radiological values was excellent 
(ICCs = 0.845–0.922), and the interobserver agreement 
for K–L grades of OA was strong (κ = 0.822).

Risk factor analyses of postoperative results at one year
By comparing the variables between the two groups, the 
mean values of age, BMI, pre-HKAA and percentage 

Fig. 2  A buttress plate was used for patients with unstable hinge 
fracture during the surgical procedures
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of K–L grade IV were significantly higher in the invalid 
group (Table 3). Univariate analysis revealed that preop-
erative age > 70, BMI > 30, pre-HKAA > 10° and K–L grade 
IV were significant predictors for multiple logistic regres-
sion analysis (P < 0.1 for all) (Table 4). Multivariable logis-
tic regression analysis showed that age > 70 (OR = 4.861) 
and K–L grade IV (OR = 6.590) were significantly asso-
ciated with the higher total WOMAC score at one year 
after surgery (Table 5).

Discussion
MOWHTO reportedly achieves significant improve-
ments in pain and function, slows down the progression 
of OA, and postpones the need for TKA [5, 8, 10, 14, 18]. 
However, this surgical treatment also causes numerous 
problems during follow-up. First, the treatment effect 
seems to deteriorate over time, with reported survival 
rates of 51–97.6% at ten years postoperatively [5, 10, 
22–28]. Second, complications occur after MOWHTO in 
10–50% of patients [5, 29]. Although there are few seri-
ous adverse events, the incidence of complications is 
higher after MOWHTO (28%) than after TKA (7%) [30, 
31]. Third, MOWHTO is not the ultimate treatment for 
OA of the medial knee compartment, and the outcome of 
TKA performed after MOWHTO may be influenced by 

factors such as the patellar height, condylar offset, and/or 
tibial inclination angle [19]. Therefore, clinical treatment 
must be guided by strict indications and predictors, espe-
cially the novel spacer-type MOWHTO.

Because of the differences between surgical proce-
dures, the prognostic factors of spacer-type MOWHTO 
may differ from those of conventional MOWHTO with 
internal fixation [18]. In our study, spacer-type MOW-
HTO obtained better results in patients with younger 
age and lower K–L grade, while age > 70  years and K–L 
grade IV were identified as risk factors for dissatisfac-
tion following spacer-type MOWHTO. Previous stud-
ies have shown a correlation between tibial radiological 
values and clinical signs, but no study has evaluated the 
effect of these indices on the outcome of spacer-type 
MOWHTO. The HKAA, MPTA, and PTSA were cor-
rected to a specific high tibial osteotomy standard posi-
tion to ensure the attainment of anatomic postoperative 
lower limb alignment and tibial plateau retroversion. 
Some studies have reported that a small HKAA (< 15°) 
is more suitable for spacer-type MOWHTO [18, 19]. 
Therefore, we excluded patients with radiographic meas-
urements that were outside the ranges suggested in the 
literature. This means that more stringent preoperative 
planning is needed for spacer-type MOWHTO than for 

Fig. 3  Bone union at the osteotomy site was shown 3 days (a) and 4 months after surgery (b)
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conventional MOWHTO to ensure efficacy and mini-
mize complications.

Although the incidence of knee OA was significantly 
higher in women than in men, our study found that sex 
was not a significant prognostic factor for spacer-type 
MOWHTO [5, 10]. Furthermore, the long-term history 
did not affect the frequency of poor results.

Age was a significant predictive factor of a poor out-
come after spacer-type MOWHTO. For patients older 
than 70  years, it is difficult to achieve ideal knee func-
tional recovery after surgery. Long-term incomplete 
weight-bearing (approximately three months) and osteo-
porosis may be the main causes of muscular atrophy and 

Fig. 4  Definition and measurement of HKAA, MPTA, PTSA, and BPI. Angle α expresses the HKAA, angle β expresses the MPTA (a), and angle γ 
expresses the PTSA (b). The Blackburn–Peel index (BPI) is equal to b/a (c).

Table 1  Patients demographic data

Values are shown as mean ± standard deviation

BMI body mass index, K–L grade Kellgren–Lawrence

Characteristic Value

No. of patients 104

Age (y) 61.67 ± 7.71

Male/female 36:68

Body mass index (kg/m2) 28.08 ± 3.35

K–L grade II/III/IV 58/30/16

Duration of symptoms (y) 6.85 ± 5.51
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decreased physical activity [5, 32, 33]. Muscle strength 
recovery was still a challenge for elderly patients after 
surgery, even though muscle training was used in 

patients. Older patients often have more severe osteo-
porosis, which increases the risk of intraoperative hinge 
fractures. Advanced age and osteoporosis are also risk 
factors that affect the healing of the osteotomy plane, 
which can delay the complete weight-bearing time. Fur-
thermore, the increased recovery time results in activ-
ity reduction and increases the risk of lower extremity 
thrombosis and decreases lung function.

In our study, the outcome of spacer-type MOWHTO 
was much worse for patients with severe knee OA with 
a K–L grade of IV than for patients with a K–L grade 
of II-III. This suggests that the outcome of spacer-type 
MOWHTO was affected by degeneration of the knee 
joint. Severe knee lesions such as patellofemoral arthro-
sis [34], synovitis, cartilage defects, or ligamentous knee 
instability [34] may have affected the surgery outcome 
even if lower limb alignment is completely corrected. 
Similarly, previous studies have reported that patients 
with K–L grade IV OA achieve unsatisfactory results 
after conventional HTO. Studies have shown that inflam-
matory factors in the joints play a more important role 
than dynamics in the late clinical manifestations of knee 
OA [35–37].

Although BMI was not considered to be an independ-
ent risk factor for spacer-type MOWHTO, we thought 
that patients with a high BMI had a higher risk of sur-
gical complications. The incidence of complications such 
as loss of valgus correction angle due to loosening and 
prolapse of the implantation, hinge fracture, persistent 
postoperative pain and numbness, and reoperation was 
higher in patients with a high BMI. However, for conven-
tional MOWHTO, the locking compression plate pro-
vides reliable stability that enables the cut tibia to bear 
body weight [17]. Due to the instability of the medial tibia 
after spacer-type MOWHTO, the placement of too much 
weight on the wedge cross end can cause implantation 
prolapse or hinge fracture.

Compared with traditional MOWHTO, this novel 
method has many advantages, such as a lower cost, 
avoiding the need for secondary surgery for fixation 
removal, maintaining the patellar height to avoid degen-
eration of the patellofemoral joint [10, 31, 38–40], and 
decreasing the posterior tibial slope. However, the lon-
gitudinal stability of the cut tibia cannot be guaranteed. 
Patients needed to experience long-term incomplete 
weight-bearing (approximately 3  months) to guarantee 
great bone union and stability of the osteotomy plane. 
This was a shortcoming of this novel method, which 
may have affected the postoperative results of some 
patients and caused other complications [41]. It might 
be expected that long-term incomplete weight-bearing 
would produce muscular atrophy, loss of proprioception, 
and decreased physical activity [42]. Therefore, strict 

Fig. 5  The changes in lower limb alignment preoperatively (a), 6 (b) 
and 12 months (c) postoperatively

Table 2  Comparison of preoperative and postoperative clinical 
results and radiologic parameters

Values are shown as mean ± standard deviation

WOMAC Western Ontario McMaster University Osteoarthritis Index Scales, 
HKAA hip–knee–ankle angle, PTSA the posterior tibial slope angle, MPTA medial 
proximal tibial angle, BPI the Blackburn–Peel index

Preoperative Postoperative 1 year P value

HKAA (°) 7.58 ± 3.28 − 2.05 ± 1.58 < 0.001

MPTA (°) 85.95 ± 2.35 92.31 ± 2.46 < 0.001

PTSA (°) 9.27 ± 3.54 7.33 ± 3.34 < 0.001

BPI 0.75 ± 0.11 0.73 ± 0.13 0.084

WOMAC score 72.39 ± 12.95 20.06 ± 12.96 < 0.001
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surgical indications and appropriate pre- and postopera-
tive rehabilitation plans are essential.

Our study had several limitations that may have influ-
enced the results. First, the follow-up duration was 
relatively short, with a maximum of 1  year. Thus, the 
follow-up duration was too short to enable the accurate 

evaluation of the outcome of the spacer-type MOW-
HTO but can be used to evaluate the short- or medium-
term curative effect. Long-term follow-up studies are 
needed to confirm the predictive factors affecting the 
clinical outcomes of spacer-type MOWHTO. Second, 
fibular osteotomy was performed during spacer-type 

Table 3  Comparison of preoperative and postoperative factors between two groups

Data are presented as means ± SD

BMI body mass index, K–L grade Kellgren–Lawrence grade, PTSA the posterior tibial slope angle, HKAA hip–knee–ankle angle, MPTA medial proximal tibial angle, BPI 
the Blackburn–Peel index, WOMAC Western Ontario and McMaster Universities Osteoarthritis Index score

*P value < 0.1

Factors Effective group (n = 88) Invalid group (n = 16) P value

Age (y) 60.59 ± 6.95 67.63 ± 9.11 0.009*

Sex:female 59 (67%) 9 (56%) 0.238

BMI (kg/m2) 27.71 ± 3.43 30.09 ± 1.86 < 0.001*

Duration of symptoms (y) 6.56 ± 5.36 8.40 ± 6.21 0.281

K–L grade < 0.001*

K–L grade II 54 (61%) 4 (25%)

K–L grade III 26 (30%) 4 (25%)

K–L grade IV 8 (9%) 8 (50%)

Pre-PTSA (°) 9.29 ± 3.52 9.17 ± 3.79 0.906

Pre-HKAA (°) 7.20 ± 3.27 9.72 ± 2.44 0.004*

Pre-MPTA (°) 86.14 ± 2.30 84.91 ± 2.44 0.175

Pre-BPI 0.75 ± 0.11 0.76 ± 0.16 0.706

Pre-WOMAC 72.82 ± 13.55 70.06 ± 8.96 0.436

Post-PTSA (°) 7.24 ± 3.24 7.83 ± 3.89 0.578

Post-HKAA (°) − 2.12 ± 1.62 − 1.68 ± 1.36 0.262

Post-MPTA (°) 92.26 ± 2.42 92.60 ± 2.76 0.647

Post-BPI 0.74 ± 0.12 0.73 ± 0.18 0.795

Table 4  Univariate analyses of parameters

Data are presented as n (%)

BMI body mass index, K–L grade Kellgren–Lawrence grade, HKAA hip–knee–ankle angle

*P value < 0.1

Factors Effective group 
(n = 88)

Invalid group 
(n = 16)

P value Unadjusted ORs 95% CIs P value

Age (y)

≤ 70 78 (89) 9 (56) 0.001* Ref

> 70 10 (11) 7 (44) 6.607 1.851–19.882 0.003*

BMI (kg/m2)

≤ 30 67 (76) 8 (50) 0.032* Ref

> 30 21 (24) 8 (50) 3.190 1.067–9.544 0.038*

K–L grade

II–III 79 (90) 9 (56) 0.001* Ref

IV 9 (10) 7 (44) 6.827 2.047–22.772 0.002*

Pre-HKAA (°)

≤ 10 68 (77) 8 (50) 0.024* Ref

> 10 20 (23) 8 (50) 2.667 0.900–7.904 0.077*
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MOWHTO, which may have impacted the clinical out-
comes. However, recent studies have reported good 
outcomes after fibular osteotomy.

Conclusions
The results of our study showed that age and K–L grade 
are the main prognostic factors associated with post-
operative outcomes following spacer-type MOWHTO, 
which supports our hypothesis. Spacer-type MOW-
HTO seems most suitable for younger patients with 
less severe OA of the medial compartment. Therefore, 
to ensure appropriate patient expectations regarding 
surgical outcomes, these factors should be considered 
when choosing between spacer-type MOWHTO or 
conventional MOWHTO. The patients should be fully 
informed about the advantages and disadvantages of 
the two surgical procedures.
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