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Abstract
Purpose  The patellofemoral (PF) joint may be adversely affected by medial open-wedge high tibial osteotomy (OWHTO). 
This study aimed to evaluate the PF compartmental changes using combined single-photon emission computed tomography 
(SPECT) and conventional computed tomography (CT) after OWHTO to provide clinical guidance regarding the PF joint 
pressure and force.
Methods  Patients with medial osteoarthritis and varus malalignment > 5° were treated using OWHTO. Patients with a 
minimum 2-year follow-up were included in the study. The patellar positions were evaluated based on the radiographic 
parameters. The changes in chondral lesions during second-look arthroscopic examination were evaluated, and the PF joint 
arthritis grade was recorded on patellar Merchant radiographs using Kellgren–Lawrence classification. The PF compartmental 
changes according to SPECT/CT analysis after OWHTO were evaluated in all patients. The scintigraphic uptake was graded 
on four scales. Patients were divided into improved and unimproved groups according to the PF compartmental grade using 
the SPECT/CT uptake grading system.
Results  At a mean follow-up period of 47.0 months (range 25–74 months), the mean mechanical femorotibial angle changed 
significantly from varus 6.3° (range 5–12°) to valgus 2.6° (range 0–8°); p < 0.001) postoperatively. The radiological param-
eters presenting patellar positions, including the tibial slope, patellar convergence angle, and lateral tilt angle, did not 
change significantly between the preoperative values and the 2-year follow-up values. The mean patellar height significantly 
decreased (0.07 ± 0.14, p = 0.001 according to the Blackburn–Peel index and 0.32 ± 0.23, p < 0.001 using the modified 
Insall–Salvati ratio). The average tibial tubercle to trochlear groove (TT–TG) distance significantly decreased from 14.1 to 
12.2 mm (p < 0.001). The Q angle also significantly decreased from 9.8o to 7.7o (p = 0.008). Chondral lesions of the patella 
and trochlear groove revealed significant deterioration; at 2 years after OWHTO, the arthritic grades of the PF joints worsened 
significantly, as determined by radiography (p = 0.007). Scintigraphic uptake in the PF joint was significantly lower (from 
2 to 1) at 2 years postoperatively compared to that immediately after the index operation (p < 0.001). Only 4 of 56 (7.1%) 
patients showed increased uptake. Comparison between the improved and unimproved groups according to scintigraphic 
uptake changes revealed that the changes in the cartilage status on the patellar undersurface and TT–TG distance were the 
most significant predictive factors of increased scintigraphic uptake in the PF joint after OWHTO.
Conclusion  Alignment correction by OWHTO result in PF compartment offloading and should be considered when identify-
ing the surgical indications for OWHTO.
Level of evidence  Therapeutic, Level IV.
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Introduction

Open-wedge high tibial osteotomy (OWHTO) decreases the 
moment arm of the ground reaction force and further offloads 
the medial compartment of the knee, resulting in decreased 
cartilage degeneration in the medial compartment with proven 
clinical improvement in the pain symptoms [28]. However, 
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several studies have reported the acceleration of degenera-
tive change resulting from increased contact pressure at the 
patellofemoral (PF) joint [35] owing to the increased Q angle, 
altered PF joint tracking [9], and unintended changes in the 
patellar height after OWHTO [10, 20].

As the PF joint function is maintained by a complex interac-
tion between the soft tissues and bony structures, the PF joint 
pressure and force cannot be evaluated only by calculation of 
the Q angle and altered patellar height. There is little reported 
evidence of an association between patient complaint and dete-
rioration affecting PF joints [20]. Goshima et al. reported that 
the changes in PF alignment and arthritic progression did not 
affect the clinical outcomes of OWHTO at mid-term follow-up 
[10]. The principal effect of OWHTO is alleviation of medial 
knee pain. Therefore, the clinical assessment of anterior knee 
pain and functional assessment may provide secondary infor-
mation and may be affected by clinical improvement in the 
medial knee pain. Especially, owing to the poor correlation 
between radiographic abnormalities and anterior knee pain 
[19], objective detection tools are required to evaluate the 
effect of OWHTO on the PF joint.

The combined single-photon emission computed tomog-
raphy and conventional computed tomography (SPECT/CT) 
is a highly sensitive tool for detecting bone metabolism [2, 
29]. Hirschmann et al. [12, 35, 37] reported the efficacy of 
SPECT/CT for determining the source of the patients’ symp-
toms with respect to the PF joint. Thus, SPECT/CT findings 
can provide more objective OWHTO outcomes with respect 
to the PF joint pressure and force, which are important for 
elucidating the possible long-term sequelae associated with 
the procedure [28].

The scintigraphic uptake in the PF compartment detected 
on SPECT/CT may change with alterations in the PF con-
tact force according to the changes in the PF alignment after 
OWHTO and that the change in the scintigraphic uptake in 
the PF compartment may be correlated with the postoperative 
cartilage deterioration or arthritic progression. Therefore, this 
study aimed to evaluate the change in the scintigraphic uptake 
in the PF joint using SPECT/CT after OWHTO, and to identify 
the variables associated with these changes.

We hypothesized that the altered patellar position, such 
as denoted by decreased tibial tuberosity–trochlear groove 
(TT–TG) distance [11], would change the soft-tissue tension 
and muscle activity applied to the patella, and affect on the 
PF joint.

Materials and methods

Participants

This retrospective study included 53 patients who under-
went OWHTO between January 2013 and May 2017. The 

indications for OWHTO were, as follows: (1) medial tibi-
ofemoral osteoarthritis (OA) with varus malalignment > 5° 
(measured on preoperative double-limb standing radio-
graphs); (2) near-normal range of motion (flexion > 90° and 
flexion contracture < 5°). The additional inclusion criteria 
were, as follows: (1) ≥ 2-year follow-up; (2) simultaneous 
hardware removal and second-look arthroscopy; and (3) 
diagnosis of International Cartilage Repair Society (ICRS) 
grade ≤ 3 PF chondral lesions. Nine patients aged > 69 years 
with a medical history that included previous surgery with 
excessive arthroscopic debridement and/or any additional 
injury or disorder, such as rupture of the cruciate ligament, 
were excluded from the study. OWHTO was performed 
on 53 patients (56 knees). The mean follow-up period was 
47.0 ± 13.5 months (range 25–74 months). The mean patient 
age at the time of the surgery was 56.2 ± 6.0 years (range 
41–66 years). Of the 53 patients, 13 were male. The mean 
body mass index was 26.3 ± 3.6 kg/m2 (range 19.1–35.4 kg/
m2).

Surgical techniques and postoperative 
rehabilitation

Arthroscopic partial meniscectomy or suturing was per-
formed when a medial meniscus injury was found. All knees 
were subjected to OWHTO using a lateral cortical hinge by a 
single experienced surgeon. Thin osteotomes were then used 
to complete the osteotomy just short of the lateral cortex, 
and both the lateral cortex and lateral capsular hinge were 
maintained intact. Subsequently, osteotomy was performed 
using the prescribed method, exercising care to complete 
osteotomy of the posterior cortex. The anterior gap at the 
osteotomy site was approximately two-thirds that of the 
posterior gap. The correction angle was planned preopera-
tively using the Miniaci method to achieve a target align-
ment passing through the Fujisawa point [8]. The osteotomy 
was stabilized using a fixed-angle plate with interlocking 
screws (TomoFixTM104; Synthes, Bettlach, Switzerland) 
or an Ohtofix HTO plate (Ohtomedical Co. Ltd., Goyang, 
Republic of Korea).

The postoperative rehabilitation protocol for the OWHTO 
group included isometric-quadriceps, active-ankle, and 
straight-leg-raising exercises commencing on the day after 
the surgery. Patients were restricted from toe-touch weight-
bearing for the first 2 weeks postoperatively, followed by 
partial weight-bearing for the next 4 weeks. Full weight-
bearing was permitted at 8–12 weeks, following radio-
graphic evaluation for bone consolidation at the osteotomy 
site. A cast or brace was not used postoperatively.
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Clinical and radiographic assessment

The clinical outcomes were evaluated and compared using 
the American Knee Society score (KSS) and function score 
(KSFS) [31] and Kujala score [21] preoperatively and at the 
postoperative 2-year follow-up. The radiographic evaluations 
entailed assessment of full-length standing hip-to-ankle, 
anteroposterior knee, and lateral and patellar merchant 
radiographs. The mechanical femorotibial angle (MFTA) 
and mechanical medial proximal tibial angle (mMPTA) 
were measured using full-length standing hip-to-ankle 
radiographs obtained preoperatively and postoperatively 
(at the 2-year follow-up). The MFTA was defined as the 
angle between the mechanical axes of the femur and tibia, 
and the mMPTA was defined as the medial angle between 
a line drawn parallel to the proximal tibial condyles and the 
mechanical axis of the tibia. The tibial slope was defined as 
the angle between the line perpendicular to the mid-diaph-
ysis of the tibia and the line depicting the posterior inclina-
tion of the tibial plateau on lateral view radiographs in full 
extension. The radiographic parameters presenting patellar 
positions, such as patella congruence angle (CA), lateral PF 
tilt angle (LTA), and TT–TG distance [32], were evaluated. 
The TT–TG distances on the CT images were measured 
between the most cephalad point of the tibial tubercle and 
the deepest point of the trochlear groove, with the trochlear 
line drawn perpendicular to the posterior condylar line and 
passing through the deepest point of the trochlear groove. 
The Blackburn–Peel index (BPI) and modified Insall–Sal-
vati (mIS) ratio were measured using a standing lateral view 
of the knee at 30° flexion [30]. The Q angle was measured 
using scanograms of both legs in the stance phase. The Q 
angle was manually measured as the angle between the line 
connecting the anterior superior iliac spine with the center 
of the patella and the line connecting the center of the patella 
and the tibial tubercle.

A total of 53 patients (56 knees) who underwent an addi-
tional operation at 2 years postoperatively for hardware 
removal agreed to undergo a second-look arthroscopic 
evaluation. The chondral lesion changes were evaluated dur-
ing the second-look arthroscopic examination. The degree 
of cartilage degeneration of the PF and tibiofemoral joints 
was assessed and semi-quantitatively analyzed according to 
the ICRS grading system [26]. OA grade of the PF joint on 
patellar Merchant radiographs was recorded using the Kell-
gren–Lawrence (K–L) classification [17].

The scintigraphic uptake, observed on SPECT/CT after 
OWHTO, denoted the PF compartmental changes and was 
classified as four grades in all patients. The SPECT/CT 
scans were performed using a Symbia T16 hybrid system 
(Siemens, Erlangen, Germany) equipped with a pair of low-
energy high-resolution collimators and a dual-head gamma 
camera with an integrated 16 × 0.75-mm slice thickness CT. 

Two hours after the injection of 700 MBq technetium-99 m 
hydroxydiphosphonate (HDP) (CIS Bio International, Sur 
Yvette, France), SPECT was performed with a frame matrix 
size of 128 × 128; angle step, 32°; and time per frame, 25 s. 
The reconstructed data were displayed in the transaxial, 
coronal, and sagittal planes [12].

Scintigraphic uptake was graded, as follows: grade 0, 
no uptake (equivalent to normal cancellous bone); grade 
1, higher uptake than that by normal cancellous bone but 
lower than that by the articular surface; grade 2, same uptake 
as that by the articular surface; and grade 3, higher uptake 
than that by the articular surface [33]. Patients were divided 
into the improved and unimproved groups according to the 
PF compartmental grade using the SPECT/CT uptake grad-
ing system. The improved group included patients showing 
a decrease in scintigraphic uptake, while the unimproved 
group included those showing increased or unchanged scin-
tigraphic uptake (Fig. 1).

The study protocol was approved by the Institutional 
Review Board (GCIRB2019-224) from our institution 
(Gachon University Gil Hospital, Incheon, South Korea) 
before the commencement of the study. All patients pro-
vided informed consent prior to participation in this study.

Statistical analysis

SPSS version 22.0 (SPSS Corp, Chicago, IL, USA) was used 
for statistical analyses. P values < 0.05 were considered sig-
nificant. The Shapiro–Wilk test was used to evaluate the 
normality of distribution. The Wilcoxon signed-rank test 
was used to compare differences in the preoperative and 
2-year postoperative follow-up values. In our study, 32 and 
24 knees were allocated to the improved and unimproved 
groups, respectively. To compare the demographic data 
and preoperative and postoperative outcomes between the 
improved and unimproved groups, the Student’s t test or 
Mann–Whitney U test was used for the continuous variables 
and the Chi-square test or Fisher’s exact test was used for the 
categorical variables. Binary logistic regression analysis was 
used to investigate the factors associated with PF compart-
mental changes noted on SPECT/CT. The following inde-
pendent variables were analyzed: patient age, sex, body mass 
index, preoperative and postoperative MFTA, changes in the 
tibial slope and mMPTA, ICRS change on the patellar under-
surface or trochlear groove, K–L grade change in the PF 
joint, radiographic parameters of the patellar position (CA, 
LTA, BPI, mIS ratio, and TT–TG distance), and Q angle. 
The adjusted odds ratios (ORs) and 95% confidence intervals 
(CIs) were calculated. A ten-point difference in the Kujala 
score was considered a clinically important difference [7]. 
We calculated that > 90% power was required to detect a 
difference of at least 10 points with a standard deviation of 
15 points in the Kujala score (α = 0.05) [7]. The sample size 
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was determined with G-power 3.1 for the Wilcoxon signed-
rank test with an effect size of 0.5, α error of 0.05, and 
power of 0.95. The measurement methods were developed 
and agreed upon by two orthopedic surgeons (independent 
observers). However, these surgeons were blinded to each 
other’s measurements and their own previous measurements. 
They measured the parameters twice, with a 6-week interval 

between measurements. The inter- and intra-class correlation 
coefficients were examined to assess the reliability of the 
measurements and ranged from 0.90 to 0.95 and from 0.89 
to 0.99, respectively, indicating a significantly high agree-
ment between the two observers on the radiographic and 
arthroscopic measurements (an appendix is available as a 
supplemental file, Table s1). The SPECT/CT measurements 

Fig. 1   a A 58-year-old man underwent open-wedge high tibial oste-
otomy (OWHTO). A 7° varus malalignment of the knee (a) is cor-
rected to 3° valgus (b) of the mechanical axis. Patellar merchant 
radiographs obtained at the postoperative 2-year follow-up, showing 
that the arthritis grade of the patellofemoral (PF) joint did not change 
or mildly improve (e: preoperative, f: postoperative); the scintigraphic 
uptake is markedly decreased during combined single-photon emis-

sion computed tomography and conventional computed tomography 
(SPECT/CT). b A 61-year-old woman underwent OWHTO. A 6° 
varus malalignment of the knee (a) is corrected to a 2° valgus (b) of 
the mechanical axis. Patellar merchant radiographs obtained at the 
postoperative 2-year follow-up, showing that the arthritis grade of 
the PF joint is deteriorated (e: preoperative, f: postoperative) and the 
scintigraphic uptake increased during SPECT/CT
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were also interpreted twice by two independent observers. 
The inter-observer reliability quantified using intra-class 
correlation coefficients (ICCs) was > 0.82 in all cases.

Results

The clinical outcomes, including the Kujala score, KSS, 
and KSFS, significantly improved at 2-year follow-up com-
pared with the preoperative measurements (all subscales; 
p < 0.001). The mean preoperative MFTA was 6.3° varus 
corrected to mean 2.6° valgus postoperatively. The radio-
logical parameters presenting patellar positions, including 
the tibial slope, patellar convergence angle, and lateral tilt 
angle, did not show significant changes between the preop-
erative values and values recorded at the 2-year follow-up. 
However, the patellar height significantly decreased (mean 
difference in the BPI, 0.07 ± 0.14, p = 0.001; mean difference 
in the mIS ratio: 0.32 ± 0.23, p < 0.001). The average TT–TG 
distance significantly decreased from 14.1 to 12.2 mm 
postoperatively (p < 0.001). The Q angle also significantly 
decreased from 9.8° to 7.7° (p = 0.008; Table 1).

A semi-quantitative evaluation using the ICRS grade 
scoring system [26] revealed mildly significant deteriora-
tion in the chondral lesions on the patellar undersurface and 
trochlear groove. Second-look arthroscopy was performed 
concomitantly with plate removal at a mean duration of 
25.0 ± 4.8 months after the index operation. Radiographi-
cally, the K–L grades of the PF joints worsened slightly and 
significantly at 2 years after OWHTO (p = 0.007). The scin-
tigraphic uptake in the patella or femoral trochlea was sig-
nificantly lower at 2 years postoperatively compared to that 
after the index operation (from 2 to 1; p < 0.001). Among 
the 53 knees, 32 (57.1%) showed decreased scintigraphic 
uptake, 19 (33.9%) showed no change, and 4 (7.1%) showed 
increased uptake.

Table 2 compares the improved and unimproved groups 
classified according to changes in the scintigraphic uptake. 
The improved group showed less progression of the chon-
dral lesions on the patellar undersurface. A decrease in the 
scintigraphic uptake was observed in patients with a larger Q 
angle and greater TT–TG distance, which significantly cor-
related with a greater decrease in the TT–TG distance. The 
other independent variables, including patient demographic 
characteristics and radiographic parameters of the patellar 
position, showed no significant intergroup differences. The 
same results were noted in the binary logistic regression 
analysis (Table 3). The changes in the ICRS grade of the 
patellar undersurface and in the TT–TG distance were the 
most significant predictive factors for increased scintigraphic 
uptake in the PF joint after OWHTO (Rn

2 = 0.34 and 0.71, 
respectively).

Discussion

The principal findings of this study are as follows: (1) only 
7.1% of the patients who underwent OWHTO showed 
increased scintigraphic uptake and almost all patients 
showed decreased or unchanged uptake in the PF compart-
ment on SPECT/CT performed at 2 years postoperatively; 
(2) the radiologic evaluations of the patellar position after 
OWHTO revealed decreased TT–TG distance and Q angle, 
and descent of the patella was observed, but the patellar 
tilt angle was not changed; (3) the change in scintigraphic 
uptake was significantly correlated with the changes in 
the TT–TG distance and cartilage status on the patellar 
undersurface.

Several studies have reported that chondral lesions identi-
fied using imaging modalities or during arthroscopy do not 
correlate well with the presence or severity of PF pain in 
patients [34, 37]. To improve patient outcomes, the effect of 
an OWHTO on the PF joint must be well understood with 

Table 1   Preoperative and postoperative clinical outcomes and radio-
logical results

Boldface text indicates statistical significance
Values are shown as mean (standard deviation) for continuous vari-
ables, median for categorical variables†, and n (%) for nominal vari-
ables
BMI body mass index, BPI Blackburne–Peel Index, ICRS Interna-
tional Cartilage Repair Society, KSS American Knee Society Knee 
Score, KSFS American Knee Society Function Score, K–L Kellgren–
Lawrence, MFTA Mechanical femorotibial angle, mMPTA mechani-
cal medial proximal tibial angle, mIS Modified Insall–Salvati, n.s. not 
significant, TT–TG tibial tuberosity-to-trochlear groove distance

(N = 56) Preoperatively At postop. 
2-year follow-
up.

p

MFTA (o) 6.26 (2.89) − 2.63 (2.96) < 0.001
mMPTA (o) 85.36 (2.51) 92.33 (2.42) < 0.001
Post. Slope (o) 10.50 (3.53) 10.77 (3.45) 0.516
Patellofemoral indices
 CA (o) 2.23 (14.45) 3.68 (12.45) 0.605
 Lat. Patellar tilt (o) 10.30 (5.63) 10.03 (6.28) 0.801
 BPI 0.63 (0.14) 0.56 (0.11) 0.001
 mIS ratio 1.36 0.14 1.04 (0.19) < 0.001
 TT–TG distance (mm) 14.11 3.39 12.24 (3.26) < 0.001
 Q angle (o) 9.84 5.38 7.70 (5.59) 0.008

SPECT_PF† 1.91 (0.99) 1.18 0.92 < 0.001
ICRS Gr._patella† 0.82 (0.92) 1.13 (1.02) < 0.001
ICRS Gr._trochlear 

groove†
1.24 (1.22) 1.62 (1.34) < 0.001

Merchant K–L grade† 1.04 (0.19) 1.16 (0.37) 0.007
KSS (points) 64.35 (10.52) 86.30 (21.00) 0.001
KSFS (points) 65.53 (7.05) 85.26 (15.22) < 0.001
Kujala Score (points) 66.55 (7.66) 94.36 (4.51) < 0.001
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Table 2   Comparisons between 
the improved and unimproved 
groups

Boldface text indicates statistical significance
Values are shown as mean (standard deviation) for continuous variables, median for categorical variables†, 
and n (%) for nominal variables
BMI body mass index, BPI Blackburne–Peel Index, ICRS International Cartilage Repair Society, KSS 
American Knee Society Knee Score, KSFS American Knee Society Function Score, K–L Kellgren–Law-
rence, MFTA Mechanical femorotibial angle, mMPTA mechanical medial proximal tibial angle, mIS 
Modified Insall–Salvati, n.s. not significant, PFJ Patellofemoral joint, TT–TG tibial tuberosity-to-trochlear 
groove distance

Improved group Unimproved group p

Mean (SD) Mean SD

SPECT/CT PF grade_pre 2.4 (0.7) 1.3 (0.9) 0.000
 _post 0.9 (0.8) 1.5 (1.0) 0.023

Age at the time of surgery (year) 55.8 (5.5) 56.7 (6.9) 0.597
Sex (male,  %) 7 (21.9%) 6 (25%) 0.839
BMI 26.9 (3.8) 25.4 (3.1) 0.099
ICRS grade on patellar undersurface_ pre 0.8 (0.9) 0.9 (0.9) 0.707
 _ post 0.9 (1.1) 1.4 (0.9) 0.112
 _ change 0.1 (0.5) 0.5 (0.7) 0.035

ICRS grade on trochlear groove _ pre 1.1 (1.1) 1.3 (1.2)
 _ post 1.5 (1.4) 1.8 (1.3)
 _ change 0.3 (0.5) 0.4 (0.8) 0.534

CA_ pre (o) 3.8 (12.9) 1.9 (14.6) 0.633
 _ post (o) 1.4 (10.3) 6.0 (14.9) 0.205
 _ change (o) − 1.3 (20.5) 4.1 (21.2) 0.338

Q_angle _pre 11.2 (5.7) 7.8 (4.5) 0.044
 - post (o) 8.5 (5.2) 6.2 (5.7) 0.208
 _change (o) − 2.5 (3.7) − 1.6 (6.0) 0.577

LTA _ pre (o) 11.3 (5.8) 8.5 (4.8) 0.109
 _ post (o) 9.9 (5.1) 9.5 (7.1) 0.859
 _ change (o) − 1.3 (4.4) 1.0 (8.7) 0.333

TT–TG _ pre (mm) 15.4 (3.2) 12.7 (3.1) 0.016
 _ post (mm) 13.5 (3.3) 11.5 (3.0) 0.067
 _change (mm) 2.9 (2.4) 1.2 (2.2) 0.035

MFTA _ pre (o) 6.2 (2.6) 6.1 (3.1) 0.852
 _ post (o) − 2.7 (2.9) − 2.7 (3.1) 0.999

MPTA _ pre (o) 85.8 (2.3) 84.8 (2.7) 0.150
 _ post (o) 92.3 (2.5) 92.4 (2.4) 0.926

Tibial slope _ pre (o) 10.8 (3.5) 10.0 (3.6) 0.439
 _ post (o) 11.1 (3.1) 10.3 (3.9) 0.418
 _ change (o) 0.3 (2.9) 0.2 (3.5) 0.951

K–L grade of PFJ_ pre 1.2 (0.6) 1.3 (0.9) 0.800
 _ post 1.6 (0.8) 1.8 (0.8) 0.513

BPI _ pre 0.6 (0.1) 0.6 (0.1) 0.449
 _ post 0.6 (0.1) 0.6 (0.1) 0.560
 _ changes 0.1 (0.2) 0.1 (0.1) 0.987

mIS _ pre 1.3 (0.1) 1.4 (0.2) 0.172
 _ post 1.0 (0.2) 1.1 (0.2) 0.256
 _ changes − 0.3 (0.2) − 0.3 (0.3) 0.949

KKS_pre 61.1 (9.6) 66.4 (10.3) 0.282
 _post 91.2 (12.4) 82.5 (21.7) 0.053

KSFS_pre 64.7 (4.8) 65.5 (8.1) 0.701
 _post 86.6 (14.6) 88.3 (12.9) 0.715

Kujala_pre 65.2 (8.1) 68.4 (6.7) 0.110
 _post 95.5 (3.9) 93.4 (5.0) 0.203
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established correlations between increased contact pressure 
and progression of cartilage deterioration [15]. However, 
conventional radiographs are limited in their ability to iden-
tify PF disorders indicated by the poor correlation between 
radiographic abnormalities and PF pain [19]. Such limita-
tions would be overcome with the development of hybrid 
SPECT/CT systems that can provide clear anatomical 
detailed evaluation through high-resolution CT imaging with 
bone physiological activity detected in an SPECT study.

SPECT/CT is a hybrid imaging modality that combines 
three-dimensional bone scintigraphy and conventional CT 
into a single imaging procedure [12, 29]. The intensity and 
distribution of the SPECT/CT tracer uptake correlate with 
the mechanical overload of the knee joint [29]. Increased 
shear stress in the patellar cartilage can increase the meta-
bolic activity of the subchondral bone, ultimately trigger-
ing anterior knee pain [12]. Furthermore, higher SPECT/
CT tracer uptake of a specific compartment by an altered 
loading pattern is significantly correlated with a higher risk 
of OA progression [29]. Hence, when the signal strength is 
measured using SPECT/CT after HTO, possible long-term 
sequelae on the PF joint can be identified even with a short 
follow-up, allowing for the early diagnosis of complications 
and providing guidance for further treatment in patients with 
postoperative pain [12].

Several studies have reported variable results regarding 
postoperative changes of the patellar position according to 
radiographic parameters, including the patellar height, lat-
eral tilt and shift, and tibial posterior slope. Regarding patel-
lar height, patella infera may lead to increased retropatellar 
pressure and contact forces with a resultant risk of knee pain 
and reduced range of motion [18]. However, it is still con-
troversial whether PF contact stress changes with altered 
patella height [36]. With regard to OWHTO, Chae et al. 
[1] reported that the mean BPI decreased from 0.71 to 0.61 
(p < 0.001) after OWHTO. Jingbo et al. [16] reported that 
patellar height was not altered when the knee axis correction 
was < 15°. In the present study, there was significant patellar 
descent postoperatively. However, it did not adversely affect 
the postoperative outcomes by SPECT/CT analysis. Regard-
ing the patellar tilt and tibial slope angle, no significant post-
operative changes were found in this study. However, the 
previous studies have reported changes in the patellar tilt 
and the tibial slope angle after OWHTO [4, 23]. In addition, 
several techniques have been used to avoid the change in 
tibial slope [3, 4]. Regarding TT–TG distance, the present 
results showed a significant decrease after OWHTO. This 
can be explained by the tendency of the internal rotation of 
the distal tibia after OWHTO results in decreased TT–TG 
distance. The change in TT–TG distance and ratio profiles 

Table 3   Binary logistic regression analysis of predictive factors affecting progressive change in the patellofemoral joint after opening-wedge 
high tibial osteotomy

Boldface text indicates statistical significance
BMI body mass index, BPI Blackburne–Peel Index, ICRS International Cartilage Repair Society, KSS American Knee Society Knee Score, KSFS 
American Knee Society Function Score, K-L Kellgren–Lawrence, MFTA Mechanical femorotibial angle, mMPTA mechanical medial proximal 
tibial angle, mIS Modified Insall–Salvati; n.s. not significant, TT–TG tibial tuberosity-to-trochlear groove distance

Dependent variable Independent variables p value Adjusted 
odds ratio

95% Confidence 
interval

Standard error

Lower Upper

Increase of scintigraphic 
uptakes in patellofemoral 
joint

Age 0.579
Sex 0.733

BMI 0.135
ICRS change of patellar undersurface 0.037 0.345 0.126 0.940 0.512
ICRS change of trochlear groove 0.982
Preop MFTA 0.639
Postop MFTA 0.981
MPTA change 0.992
Tibial slope change 0.271
CA change 0.833
Q angle change 0.543
LTA change 0.427
TT–TG change 0.046 0.708 0.504 0.994 0.173
KL grade change in PFJ 0.279
BP ratio change 0.901
mIS change 0.936
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affect the soft-tissue tension of the medial hamstrings/soft-
tissue structures [11], muscle actions applied to the patella, 
and kinematics of the PF joint.

There are a few theoretical rationales to explain the 
decrease in scintigraphic uptake of the PF compartment by 
SPECT/CT after OWHTO. First, contrary to the anticipation 
of an increase in the Q angle after OWHTO, a decreasing 
effect of the Q angle from 10° to 7° was observed. Q angle 
is determined by several composites of pelvic position, hip 
rotation, tibial rotation, patella position, and foot position. 
We posit that the decreased Q angle may have been a result 
of the decreased TT–TG distance due to internal rotation of 
the distal tibia and reduction of the lateral subluxation of the 
tibia in varus malaligned arthritic knees.

These changes in the patellar position and alignment 
should be considered for understanding changes in the PF 
joint contact pressure with the muscle forces applied to the 
patella. Stronger quadriceps muscles help to improve joint 
stability, absorb shock, and attenuate ground reaction forces 
during gait [27], which may, subsequently, improve knee 
pain and function [38]. However, this mechanism may be 
less effective in cases of malaligned knees, possibly due 
to damaged mechanoreceptors from stretched joint cap-
sules or ligaments producing abnormal afferent signals that 
decrease quadriceps contraction [14]. Stronger quadriceps 
can also increase PF joint compression, which accentuates 
knee malalignment. Varus malalignment has been associ-
ated with the presence of medial PF joint OA [5]. Therefore, 
alignment correction may improve quadriceps efficiency and 
protect against medial PF joint cartilage deterioration.

Second, the change in PF joint contact pressure should 
be investigated alongside the muscle forces applied to the 
patella, particularly the vastus medius obliquus (VMO). 
A slight increase in the compression as the VMO force is 
increased which contributes to a more consistent medial 
pressure increase compared to the lateral pressure decrease 
[6]. The VMO pulls at a more horizontal angle of 50–55° 
to the long axis of the femur than the other Q muscles (the 
vastus lateralis pulls at 12–15° and the vastus medialis lon-
gus pulls at 15–18°) [6]. Therefore, a change in the direction 
of the VMO in patients who undergo OWHTO changes the 
forces applied to the patella, albeit slight, and the quadri-
ceps efficiency, including the VMO, increases as the medial 
PF contact pressure markedly decreases. Furthermore, the 
lessened iliotibial band tension by validation contributes to 
the relief of symptomatic anterior knee pain [13]. Third, 
decreases in varus after OWHTO decrease the peak knee 
adduction moment and peak internal rotation moment [24]. 
This effect is beneficial for PF decompression with knee 
flexion during weight-bearing and significant quadriceps 
tension.

Nevertheless, significant cartilage deterioration and 
arthritic progression were identified in the present study. 

The temporary increase in PF contact forces was suppos-
edly induced by postoperative short-term quadriceps atro-
phy. Several studies have reported cartilage status dete-
rioration after OWHTO with most cases classified with 
deterioration grade I to II. Our study also showed differ-
ences in the cartilage status and arthritic grade at 2-year 
follow-up after OWHTO, including 0.1–0.5 according to 
ICRS grade and 0.1 for the K–L grade.

The present study has several limitations. First, there 
is a fundamental limitation due to its retrospective design 
with a relatively small sample size. Second, it had a rela-
tively short-term follow-up period which does not allow 
for determination of the procedure’s long-term sequelae 
of the PF joint. However, a 2-year follow-up period is 
sufficient to determine the effect of an HTO on PF pres-
sure and forces by SPECT/CT that are associated with 
long-term sequelae. Third, SPECT images are often ill-
defined and lack precise anatomical detail for quantitative 
measurement. Consequently, a quantitative comparison of 
the position, size, and intensity of SPECT uptake regions 
among patients is difficult. Although SPECT/CT has been 
accepted as an effective diagnostic tool in the orthopedic 
field, its use has several limitations. For example, its clini-
cal adoption has been limited due to shortcomings in the 
available analytical tools. However, the use of a scanning 
protocol to perform and analyze SPECT/CT outcomes 
allows for meaningful clinical observation and provides 
useful information to further guide surgical management 
[25]. Fourth, when patellar tilt is increased after OWHTO, 
the lateral PF contact pressure can be increased from 
altered quadriceps loading [6, 22]. Overloading lateral 
cartilage can lead to chondrosis on the lateral facet of the 
patella [37], but the proposed SPECT/CT protocol could 
not distinguish the anatomical detail of the PF joint. Fifth, 
this study did not show a significant correlation between 
PF compartment scintigraphic uptake and clinical out-
comes. A more detailed clinical exam related to the PF 
compartment is required to further investigate this topic. 
Six, heterogeneity of treatment and study cohort, using 
two fixed-angle plates with interlocking screws, can be a 
limitation. However, both products have been clinically 
verified in several international published papers.

Several studies have reported that there is no significant 
correlation between changes in the PF alignment and clinical 
outcomes after OWHTO. However, the reason for this has 
been not clarified [10]. This study revealed that alignment 
correction using OWHTO yields decreased TT–TG distance, 
possibly resulting in internal rotation of the distal tibia and Q 
angle. Thus, the altered muscle actions applied to the patella 
will decrease the PF joint contact pressure and anterior 
knee pain. In contrast to the previous studies on the adverse 
effects on the PF joint after OWHTO, in the present study, 
improvement in the PF joint was noted using the SPECT/
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CT analysis. Therefore, the previous reports on the adverse 
effects of OWHTO on the PF joint must be reconsidered.

Conclusion

Alignment correction by OWHTO results in PF compart-
ment offloading and should be considered when identifying 
the surgical indications for OWHTO.
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