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Background: Qualitative studies have explored changes in Tc-99m hydroxymethylene diphosphonate (HDP) uptake on single-
photon emission computed tomography and computed tomography (SPECT/CT) as a result of offloading after medial opening-
wedge high tibial osteotomy (MOWHTO) in patients with medial compartment knee osteoarthritis. However, whether changes in
the Tc-99m HDP uptake on SPECT/CT reflect the degree of clinical improvement in postoperative outcomes, especially when
using minimal clinically important differences (MCIDs), has not been investigated.

Purpose: To investigate the association between changes in Tc-99m HDP uptake on SPECT/CT and MCID-based improve-
ment on the Western Ontario and McMaster Universities Osteoarthritis Index (WOMAC) score in patients who underwent
MOWHTO.

Study Design: Cross-sectional study; Level of evidence, 3.

Methods: The study included 35 knees in 31 patients who underwent MOWHTO. SPECT/CT was performed preoperatively and
3 years postoperatively with clinical and radiological assessments. On SPECT/CT, the knee joint was divided into 10 regions, and
the radiotracer uptake amount of each region was divided by the uptake amount of the reference zone. Patients were divided into
2 groups based on whether they achieved the MCID of 16.1 points on the WOMAC at 3 years postoperatively, and changes in
uptake amount on SPECT/CT were compared between the groups.

Results: At 3 years postoperatively, 22 patients achieved the MCID on the WOMAC (62.9%; above-MCID group) and 13 patients
did not (37.1%; below-MCID group). In the above-MCID group, significant improvement was observed in the WOMAC after
MOWHTO (from 55.8 to 19.6; P< .05); however, significant improvement was not observed in the below-MCID group (from 38.8 to
32.3; P ¼ .100). Based on mean change of uptake on SPECT/CT in each region, the above-MCID group showed significantly
greater reduction of uptake on SPECT/CT than the below-MCID group in the femoral anteromedial compartment (P ¼ .004), tibial
anteromedial compartment (P ¼ .009), and tibial anterolateral compartment (P ¼ .031).

Conclusion: Reduction in radiotracer uptake on SPECT/CT of the knee joint reflected clinical improvement in patient-reported
outcomes following MOWHTO.
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For relatively young patients who have medial compart-
ment osteoarthritis (OA) with varus knee deformity, medial
opening-wedge high tibial osteotomy (MOWHTO) is an
accepted treatment method because knee pain is reduced
and satisfactory outcomes are achieved by offloading the
medial compartment of the knee joint.1,27,31 In addition,
patients undergoing this treatment can expect a delay in

the progression of degenerative OA and recovery in the
damaged area of the medial compartment of the knee
joint.15,29

Tc-99m hydroxymethylene diphosphonate (HDP) single-
photon emission computerized tomography and computer-
ized tomography (SPECT/CT) is a method frequently used
to determine the degree of progression and clinical symp-
toms of degenerative knee OA, and its use is gradually
increasing.8-10,14,18,20,24,25 Because MOWHTO is a treat-
ment to reduce loading of the medial compartment of the
knee joint, SPECT/CT is an appropriate method to show the
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change in OA severity after offloading. Although the radio-
tracer uptake on SPECT/CT has been shown to decrease
after MOWHTO23 in qualitative studies, whether the
degree of postoperative clinical improvement and the
degree of radiotracer uptake are correlated has not been
investigated.

In general, patient-reported outcome measures are use-
ful for investigating clinical improvement after orthopaedic
surgery,6,22 and the Western Ontario and McMaster
Universities Osteoarthritis Index (WOMAC) score is a pop-
ular and well-proven method for assessing outcomes after
knee surgery such as MOWHTO.26,30 A concept recently
used to evaluate outcomes after orthopaedic surgery is the
assessment of the minimal clinically important difference
(MCID) of a patient-reported outcome measure.2,13 This is
the smallest change in outcome in which the patient can
recognize the benefit of a certain treatment. As clinical
results after MOWHTO may vary by individual,12 the
MCID has attracted attention because the results above a
clinically meaningful threshold are considered relevant for
patients.2,13 According to Kim et al,16 the MCID of
MOWHTO is 16.1 points for the total WOMAC score. Spe-
cifically, patients report that their knee OA symptoms and
function improve with MOWHTO only if their postopera-
tive total WOMAC score is at least 16.1 points better than
the preoperative total.

In the current study, we analyzed whether the degree of
patient improvement after MOWHTO can be objectively
evaluated using SPECT/CT. We investigated the associa-
tion between changes in Tc-99m HDP uptake on SPECT/CT
and MCID-based improvement on the WOMAC score after
MOWHTO.

METHODS

The protocol for this retrospective study was approved by
the institutional review board of our hospital. Between
April 2016 and November 2017, a total of 61 MOWHTOs
were performed in 56 patients by a single surgeon (Y.I.) at a
single institute. Indications for MOWHTO were age
<65 years, isolated symptomatic medial compartment knee
OA and varus knee alignment (hip-knee-ankle axis, varus
0�-15�), no inflammatory arthritis, flexion contracture
<15�, knee range of motion >120�, no joint instability, and
no history of knee joint infection.17 Preoperative knee mag-
netic resonance imaging was routinely performed to con-
firm the status of the tibiofemoral and patellofemoral
joints of the knee. All patients underwent hardware
removal operation at 2 years after MOWHTO. Plate

removal was performed to complete bone remodeling and
prevent hardware breakage for the convenience of arthro-
plasty that might be performed in the future. Our clinical
course included SPECT/CT examinations preoperatively
and 3 years after MOWHTO. Exclusion criteria for the
study were inflammatory arthritis, traumatic OA, osteone-
crosis, lateral compartment OA, patellofemoral OA, severe
obesity (body mass index>40), or loss of follow-up at 3 years
after surgery.

Among the 61 knees, 26 were excluded for the following
reasons: missing preoperative WOMAC score (n ¼ 1), no
preoperative SPECT/CT raw data (n ¼ 3), refusal to
undergo 3-year follow-up SPECT/CT (n ¼ 20), and 3-year
follow-up SPECT/CT examination without hardware
removal (n ¼ 2). The final study cohort included 35 knees
(31 patients), which were divided into 2 groups based on an
MCID threshold of 16.1 points in total WOMAC score
according to Kim et al16: above-MCID group (n ¼ 22 knees,
62.9%) and below-MCID group (n ¼ 13 knees, 37.1%).
Figure 1 outlines the patient inclusion process.

MOWHTOs performed between 
April 2016 and November 2017

n = 61 knees (56 pa�ents)

Included:
N = 35 knees (31 pa�ents)

Excluded (n = 26 knees):
- No preopera�ve WOMAC score       

(n = 1)
- No preopera�ve SPECT/CT raw data 

(n = 3)
- Refused 3-year follow-up SPECT/CT 

(n = 20)
- Postopera�ve 3-year follow-up 

SPECT/CT without hardware removal 
(n = 2)

Above-MCID Group
n = 22 knees

Below-MCID Group
n = 13 knees

Figure 1. Flowchart of patient inclusion process in the
study. MCID, minimal clinically important difference;
MOWHTO, medial opening-wedge high tibial osteotomy;
SPECT/CT, single-photon emission computed tomography
and computed tomography; WOMAC, Western Ontario and
McMaster Universities Osteoarthritis Index.
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Surgical Procedure and Rehabilitation

Preoperatively, every patient underwent full-length lower
extremity radiographs while standing to measure the cor-
rection angle. The correction angle for MOWHTO was
determined using 2 lines with the Dugdale method.5,21 Line
1 is drawn from the center of the femoral head to 62.5% of
the width of proximal end of the tibia, which is the Fujisawa
point, and line 2 is drawn from the center of the ankle joint
to the Fujisawa point.5 The angle formed by these 2 lines is
the Dugdale correction angle. Arthroscopic examination of
the knee was routinely performed before HTO, and menis-
cectomy was conducted if needed. MOWHTO was per-
formed using the biplanar osteotomy method.11,28 The
electrocautery cable technique was used intraoperatively
to confirm that the calibrated weightbearing line passed
the Fujisawa point. A locking plate (Tomofix; Synthes) and
screws were used to fix the osteotomy site after achieving
the preoperatively planned correction angle. We calculated
that a 1-mm opening of the osteotomy site corresponded to
1� of correction, and we analyzed if the planned correction
angle was suitable under an image intensifier using the
intraoperative cable technique before plate fixation.11

The same rehabilitation program was used for all
patients after surgery. From day 1 after surgery, knee
range of motion exercise was initiated using a continuous
passive motion machine starting from 60� of flexion to 140�

in increments of 10� per day. Weightbearing was prohibited
until 4 weeks after surgery, and after 2 weeks of walking on
crutches, full weightbearing was allowed from 6 weeks
after surgery.

Outcome Measures

The following factors were compared between the above-
and below-MCID groups: age, sex, body mass index, and
operation side (right or left). Radiographic variables
evaluated included Kellgren-Lawrence grade, pre- and
postoperative hip-knee-ankle axis, the weightbearing line
ratio (line connecting the hip and ankle center), and tibial
sagittal slope.

WOMAC scores were obtained preoperatively and 3 years
postoperatively for all patients. The WOMAC score is a
proven 24-item disease-specific questionnaire widely used
to evaluate clinical outcomes after knee surgery. The
WOMAC consists of 3 subscales: pain (5 items), stiffness
(2 items), and function (17 items). Each item has 5 possible
responses and a score of 0 to 4 for each response, for a total
of 20 points for the pain subscale, 8 for the stiffness sub-
scale, and 68 for the functional subscale; thus, the total
score ranges from 0 to 96.

SPECT/CT evaluation was performed twice in each
patient—preoperatively and 3 years postoperatively. All
scans were performed using a hybrid SPECT/CT scanner
(Symbia T6; Siemens). Planar blood pool imaging was per-
formed at 1 minute after intravenous injection of approxi-
mately 740 MBq of Tc-99m HDP. Two hours after injection
of radiotracer, planar images of both knees were acquired
and immediately followed by SPECT/CT. CT images
were acquired using the following parameters: 130 kVp

and 2-mm slice thickness. The SPECT setting was peak
energy at 140 keV with a 15% window. SPECT image recon-
structions were performed using an iterative ordered
subset expectation maximization algorithm (12 iterations,
16 subsets).

The radiotracer uptake was assessed in SPECT/CT
images with a commercial fusion software system (Mirada
Medical). SPECT/CT images were centrally and repeatedly
reviewed by a nuclear medicine physician (H.Y.) blinded to
the patient’s identity and clinicopathological results.
Cuboid volumes of interest (VOIs) were created at specific
sites that divided the knee joint into 10 regions.

The femur was divided into 4 regions: anteromedial, ante-
rolateral, posteromedial, and posterolateral. The reference
line for dividing the femur medially and laterally was a line
connecting the deepest part of the trochlear groove and the
center of the intercondylar notch. The reference line for divid-
ing the femur anteriorly and posteriorly was the midpoint of
the outermost anterior cortex and the outermost posterior
cortex of the femur on the CT axial image. The tibia was also
divided into 4 regions based on the bisecting point of the line
connecting the protruding end of the anterior and posterior
cortices and the midpoint of the medial and lateral cortical
margins. The 4 femoral and 4 tibial regions were outlined as
1 cm–deep cuboid shapes containing the subchondral area of
the knee joint (Figure 2, A and B).

In addition, the entire patella was analyzed as a separate
region (Figure 2, B and C); however, the tibial osteotomy
site was considered a region ranging 2 cm distal from the
tibial plateau to 4 cm in length, with a width that included
the medial and lateral cortices of the tibia in a rectangular
shape (violet region in Figure 2, A and B). For semiquanti-
tative image analysis, a cylindrical VOI 1 cm in diameter
and 2 cm in length was placed in the distal femoral shaft
intramedullary area as a reference zone (ie, the distal end
of the reference zone VOI was approximately 2 cm proximal
from the distal femoral cortex; blue region in Figure 2B).
The uptake ratio on SPECT/CT for each target region was
defined as the maximum radiotracer uptake value from the
target VOI region divided by the mean uptake value from
the femoral shaft reference VOI.

The radiotracer uptake on SPECT/CT in each target zone
was semiquantitatively calculated preoperatively and
3 years postoperatively in the 2 groups. The results
between the groups were compared and analyzed by calcu-
lating the difference in the measurements before and
3 years after MOWHTO.

Statistical Analysis

The Student t test or the Wilcoxon signed-rank test was
used to analyze continuous variables. The comparison of
categorical variables of patient characteristics between the
groups was assessed using the chi-square test or Fisher
exact test. The paired t test was used to compare pre- and
postoperative WOMAC scores and the uptake amount on
SPECT/CT in each region. The Mann-Whitney U test was
used to compare uptake differences on SPECT/CT in each
target region of the above- and below-MCID groups in the
total WOMAC score.
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All statistical analyses were performed using SPSS
(Version 24.0; IBM). P < .05 was considered statistically
significant.

RESULTS

Significant differences in patient demographics were not
observed between the groups. Of the total 35 cases involved
in study, 4 were male and 31 were female, and the propor-
tion of female patients was 88.6%. Surgical factors, such as

Kellgren-Lawrence grade, pre- and postoperative hip-knee-
ankle axis and weightbearing line ratio, tibial sagittal
slope, and surgical correction angle, were not significantly
different between the groups (Table 1).

WOMAC Scores

Significantly improved outcomes were observed on the total
WOMAC score and every subscore in the overall cohort of
35 patients (P< .001 for all) (Table 2). When compared with

TABLE 1
Patient Characteristicsa

Variable Above MCID (n ¼ 22) Below MCID (n ¼ 13) P Value

Sex .274
Male 4 (18.2) 0 (0)
Female 18 (81.8) 13 (100)

Age, y 55.8 ± 2.5 56.2 ± 3.2 .853
BMI, kg/m2 26.1 ± 1.3 27.7 ± 2.7 .098
Operation side .458

Right 14 (63.6) 6 (46.2)
Left 8 (36.4) 7 (53.8)

KL grade .469
2 6 (27.3) 7 (53.8)
3 15 (68.2) 4 (30.8)
4 1 (4.5) 2 (15.4)

Preoperative
HKA angle, varus 6.9 ± 1.2 7.4 ± 2.4 .646
WBL ratio 18.0 ± 5.5 16.5 ± 9.5 .765
Tibial sagittal slope 9.4 ± 1.8 8.8 ± 2.0 .622

Postoperative
HKA angle, valgus 0.7 ± 1.3 1.2 ± 1.7 .641
WBL ratio 51.3 ± 4.8 55.7 ± 7.4 .275
Tibial sagittal slope 8.3 ± 1.3 7.6 ± 1.8 .478

Correction angle, deg
Preoperative Dugdale 9.7 ± 1.2 10.8 ± 1.3 .231
Surgical 10.5 ± 1.3 10.9 ± 1.2 .408

aData are presented as mean ± SD or No. (%). BMI, body mass index; KL, Kellgren-Lawrence; HKA, hip-knee-ankle; MCID, minimal
clinically important difference; WBL, weightbearing line.

Figure 2. Target regions for analysis of radiotracer uptake on single-photon emission computed tomography and computed
tomography of a 47-year-old woman’s left knee: (A-D) coronal, sagittal, axial (distal femur), and axial (proximal tibia). The cross-
sectional views at the positions of lines a-a0 and b-b0 in panel B are shown in panels C and D.
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the below-MCID group, the above-MCID group had signif-
icantly higher preoperative WOMAC scores (P < .05 for all)
and significantly lower 3-year scores, with the exception of
the WOMAC stiffness subscore. Within the above-MCID
group, significant pre- to postoperative improvement was
observed on all WOMAC scores (P< .05 for all), but only the

WOMAC pain and function scores showed postoperative
improvement in the below-MCID group.

For the 20 patients who were not included in the study
because of refusal to take the follow-up SPECT/CT, all post-
operative WOMAC scores improved significantly as com-
pared with preoperative scores (total WOMAC, 51.5 to
30.6; WOMAC pain, 11.7 to 3.8; WOMAC stiffness, 5.1 to
2.0; WOMAC function, 34.7 to 15.1; P < .001 for all).

Uptake Differences on SPECT/CT

In 19 of the 22 patients in the above-MCID group, the radio-
tracer uptake of the medial compartment before MOWHTO
on SPECT/CT was decreased at the 3-year postoperative
examination, as confirmed on 3-dimensional reconstruction
(Figure 3).

Comparison of uptake differences on SPECT/CT in each
target region showed that the above-MCID group had sig-
nificantly greater pre- to postoperative changes in radio-
tracer uptake in the femoral anteromedial compartment
(mean ± SD, 4.8 ± 3.4 vs 0.3 ± 2.1; P ¼ .004), tibial ante-
romedial compartment (7.9 ± 4.4 vs 1.5 ± 2.8; P ¼ .009),
and tibial anterolateral compartment (1.1 ± 1.6 vs 0.3 ±
1.2; P ¼ .031) as compared with the below-MCID group
(Table 3).

Major complications needing additional surgery were not
observed, except plate removal during the 3-year follow-up
period in both groups.

DISCUSSION

The most important finding in the present study was
that patients who achieved the MCID in WOMAC scores

TABLE 2
WOMAC Scores Overall and Between the Study Groupsa

WOMAC Scoreb All Patients (N ¼ 35) Above MCID (n ¼ 22) Below MCID (n ¼ 13) P Valuec

Total
Preoperative 49.5 ± 6.0 55.8 ± 7.6 38.8 ± 7.9 .004
3 y postoperative 24.4 ± 5.6 19.6 ± 6.6 32.3 ± 9.4 .022
P value < .001 < .05 .100

Pain
Preoperative 10.5 ± 1.6 12.0 ± 2.0 8.0 ± 2.0 .007
3 y postoperative 4.3 ± 1.0 3.3 ± 1.0 5.9 ± 2.2 .030
P value < .001 < .05 .038

Stiffness
Preoperative 3.9 ± 0.8 4.5 ± 1.0 2.9 ± 1.3 .036
3 y postoperative 2.0 ± 0.6 1.5 ± 0.5 2.8 ± 1.4 .098
P value < .001 < .05 .875

Function
Preoperative 35.0 ± 4.2 39.2 ± 5.4 27.8 ± 5.7 .006
3 y postoperative 18.1 ± 4.2 14.9 ± 5.4 23.5 ± 6.7 .034
P value < .001 < .05 .040

aData are reported as mean ± SD. Bold P values indicate statistically significant difference between and within groups (P < .05).
MCID, minimal clinically important difference; WOMAC, Western Ontario and McMaster Universities Osteoarthritis Index.

bP value: pre- vs postoperative.
cP value: above vs below MCID.

Figure 3. (A) Pre- and (B) postoperative 3-year single-photon
emission computed tomography and computed tomography
images of a 48-year-old woman who underwent MOWHTO.
The amount of uptake decreased in the subchondral region
of the medial compartment of the right knee joint after
MOWHTO in 3-dimensional reconstruction and maximal-
intensity projection images. MOWHTO, medial opening-
wedge high tibial osteotomy.
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at 3 years after MOWHTO showed greater changes in the
radiotracer uptake on SPECT/CT—specifically, greater
reduction in the femoral anteromedial compartment, tibial
anteromedial compartment, and tibial anterolateral com-
partment. Based on this result, SPECT/CT was considered
to reflect clinical improvement after MOWHTO. Con-
versely, significant changes on SPECT/CT were not
observed in patients who did not experience clinical
improvement after MOWHTO (ie, those who did not
achieve the MCID).

SPECT/CT is advantageous because the results can be
understood visually; thus, determining the patient’s satis-
faction after surgery and explaining the results is not com-
plicated. In this study, SPECT/CT reflected improvements
in WOMAC score, which might have value in identifying
patients who do not do well after MOWHTO.

Mucha et al23 investigated changes in uptake on SPECT/
CT in patients who underwent MOWHTO and reported
significantly decreased radiotracer uptake 12 and
24 months postoperatively in the medial compartment of
the knee as well as significant improvement of WOMAC
scores. However, in the present study, several patients in
the below-MCID group showed increased radiotracer
uptake or almost no interval change in the examination
3 years after MOWHTO, thereby indicating that not every
patient showed a good outcome after surgery. The reasons
for the contradictory results are probably due to the larger

sample size in the present study (22 knees in Mucha et al23

vs 35 knees in the current study) resulting in various find-
ings or to the different follow-up periods after surgery
(2 years in Mucha et al23 vs 3 years in the current study)
causing differences in radiotracer uptake attributed to OA
progression.

The patients in the above-MCID group after MOWHTO
had significantly higher preoperative WOMAC scores
than patients in the below-MCID group and showed
much better results after surgery except for stiffness. This
finding was similar to other studies,3,4 which might be due
to the increased capacity for clinically meaningful
improvement in patients with low preoperative WOMAC
scores.16 As such, the surgical effect may be better in
patients who complain of more severe discomfort before
surgery.

On preoperative SPECT/CT, radiotracer uptake was sig-
nificantly higher in the anteromedial tibia in the above-
MCID group than in the below-MCID group, which appears
to reflect the high preoperative WOMAC score in the above-
MCID group. At 3 years postoperatively, the amount of
change in radiotracer uptake was significantly greater in
the above-MCID group than in the below-MCID group, sim-
ilar to the change in WOMAC score in the above-MCID
group. However, although the difference in preoperative
uptake on SPECT/CT between the groups was not observed
in the anteromedial femur and anterolateral tibia, a

TABLE 3
Uptake Differences on SPECT/CT in Each Target Region Between the Study Groupsa

Above MCID
(n ¼ 22)

Below MCID
(n ¼ 13) P Value

Above MCID
(n ¼ 22)

Below MCID
(n ¼ 13) P Value

Femur Tibia

Anteromedial
Preoperative 12.6 ± 3.7 7.4 ± 2.9 .057 15.1 ± 5.1 8.3 ± 3.4 .029
3 y postoperative 7.8 ± 2.2 7.1 ± 3.5 .302 7.3 ± 2.1 6.8 ± 2.9 .724
D 4.8 ± 3.4 0.3 ± 2.1 .004 7.9 ± 4.4 1.5 ± 2.8 .009

Posteromedial
Preoperative 15.1 ± 3.8 9.9 ± 4.2 .073 13.1 ± 3.5 8.3 ± 4.8 .010
3 y postoperative 8.5 ± 1.9 7.8 ± 3.2 .669 7.6 ± 2.3 5.4 ± 1.7 .229
D 6.5 ± 3.6 2.1 ± 3.7 .106 5.5 ± 3.4 2.9 ± 3.7 .216

Anterolateral
Preoperative 5.7 ± 1.3 4.8 ± 2.1 .371 5.0 ± 0.9 4.2 ± 1.6 .169
3 y postoperative 4.7 ± 2.5 4.0 ± 1.1 .578 3.9 ± 1.5 3.9 ± 0.9 .319
D 1.0 ± 2.7 0.8 ± 1.5 .149 1.1 ± 1.6 0.3 ± 1.2 .031

Posterolateral
Preoperative 6.0 ± 1.3 5.6 ± 2.3 .674 5.1 ± 1.3 5.6 ± 2.7 .906
3 y postoperative 5.0 ± 2.5 4.1 ± 1.4 .933 4.9 ± 2.1 4.3 ± 1.2 .853
D 1.0 ± 2.7 1.5 ± 1.1 .601 0.2 ± 2.4 1.2 ± 2.9 .674

Patella Proximal Tibia

Preoperative 6.7 ± 1.7 5.6 ± 2.2 .302 5.2 ± 1.2 5.9 ± 2.9 .827
3 y postoperative 4.7 ± 1.5 4.6 ± 1.1 .601 9.5 ± 2.9 9.9 ± 3.5 .601
D 2.0 ± 1.8 1.0 ± 1.5 .139 -4.2 ± 2.8 -4.0 ± 4.6 .827

aThe relative uptake value was calculated as the absolute value of uptake for the target area divided by the femoral shaft reference zone.
Data are presented as mean ± SD. Bold P values indicate statistically significant difference between groups (P < .05). MCID, minimal
clinically important difference; SPECT/CT, single-photon emission computed tomography and computed tomography.
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significant change was observed in the above-MCID group
3 years postoperatively, indicating that clinical improve-
ment results are associated with changes on SPECT/CT.

Limitations

The present study had several limitations. First, given
the limitation of the SPECT/CT analysis program used,
the index volume of the target regions was drawn in
cuboid shapes. Although this VOI included the joint sur-
face and subchondral area that were necessary for anal-
ysis, a limitation in accurately dividing the regions
existed because the area was divided into a cuboid shape.
A more accurate analysis could have been possible if the
target region was drawn more precisely in 3 dimensions.
Second, this was a retrospective cohort study in which
2 groups were compared; however, the data were
obtained only from a single institute and a single sur-
geon, which could have caused a selection bias. More
meaningful results might have been obtained if data
from more institutes were analyzed.

The small sample size was another limitation. Among the
patients who underwent MOWHTO during the study
period, the final number enrolled in this study was insuffi-
cient because many could not be included for various rea-
sons, such as refusal to undergo SPECT/CT. Therefore, the
data should be analyzed using a nonparametric test. If
fewer patients had refused to undergo SPECT/CT follow-
up examinations, more patients would have been included
in the study; thus, more precise results might have been
obtained. A fourth limitation was that most of the patients
were female (88.6%). However, all patients were of Asian
ethnicity, and the prevalence, incidence, and severity of OA
for Asians are known to be higher in women than men.19

Why clinically improved cases had a significantly
decreased uptake on SPECT/CT in the anterolateral com-
partment of the tibia 3 years postoperatively could not be
explained. In the case of MOWHTO, only the improvement
of the medial compartment can be expected because the
operation is performed on medial compartment OA,
although a significant improvement in the tibial anterolat-
eral compartment for the above-MCID group was observed
in SPECT/CT analysis. In addition, this treatment might
lead to overloading the lateral compartment because the
weightbearing line is shifted from the medial to the lateral
compartment after MOWHTO, which induces a weight-
bearing increase on the lateral side of the knee joint and
worsens the radiotracer uptake of the area. Yet, the results
showed the opposite findings at the tibial anterolateral
compartment. Hernigou et al7 reported the risk of proximal
tibial osteotomy overcorrection, which causes progression
of lateral compartment OA. Therefore, the correction angle
performed for the clinically improved cases in the present
study was appropriate; however, radiotracer uptake
improvement in the anterolateral compartment of the tibia
cannot be explained. An increase of tibial slope is common
after MOWHTO and is believed to have an effect, but in our
study, tibial slope was not increased after HTO in either
group. Further studies are needed to determine why uptake

improved in the tibial anterolateral compartment on
SPECT/CT.

CONCLUSION

This study analyzed changes in uptake on SPECT/CT of the
knee joint after dividing patients into 2 groups based on the
MCID for the total WOMAC score. Results showed that
reduction in radiotracer uptake reflected clinical improve-
ment in patient-reported outcomes after MOWHTO.
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