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Purpose: The purpose of this study was to evaluate compartmental changes using combined single-photon emission computerized tomography and
conventional computerized tomography (SPECT/CT) after open wedge high tibial osteotomy (OWHTO) for providing clinical guidance for proper
correction.

Materials and Methods: Analysis was performed using SPECT/CT from around 1 year after surgery on 22 patients who underwent OWHTO.
Postoperative mechanical axis was measured and classified into 3 groups: group I (varus), group II (0°-3° valgus), and group III (>3° valgus).
Patella location was evaluated using Blackburne-Peel (BP) ratio. On SPECT/CT, the knee joint was divided into medial, lateral, and patellofemoral
compartments and the brighter signal was marked as a positive signal.

Results: Increased signal activity in the medial compartment was observed in 12 cases. No correlation was observed between postoperative
mechanical axis and medial signal increase. Lateral increased signal activity was observed in 3 cases, and as valgus degree increased, lateral
compartment’s signal activity increased. Increased signal activity of the patellofemoral joint was observed in 7 cases, and significant correlation was
observed between changes in BP ratio and increased signal activity.

Conclusions: For the treatment of medial osteoarthritis, OWHTO requires overcorrection that does not exceed 3 valgus. In addition, the possibility

of a patellofemoral joint problem after OWHTO should be kept in mind.
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Introduction

The main principle of osteotomy is to achieve a transfer of load-
ing from diseased, arthritic areas of the joint to areas with rela-
tively intact, healthy cartilage. High tibial osteotomy (HTO) is a
surgical treatment option for symptomatic medial compartment
osteoarthritis of the knee with varus deformity and without lat-
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eral compartment osteoarthritis or patellofemoral osteoarthritis”.

Undercorrection with a persisting varus alignment usually leads
to poor results after HTO and overcorrection to a great valgus
alignment may result in medial joint opening and rapid develop-
ment of lateral osteoarthritis after HTO?.

Combined single-photon emission computerized tomography
and conventional computerized tomography (SPECT/CT) is a
hybrid imaging modality, which combines three-dimensional
(3D) bone scintigraphy ‘SPECT’ and conventional CT into one
imaging procedure’'?.

Hirschmann et al.” reported that a loading pattern of mechani-
cal varus/valgus alignment showed significant correlation with
higher SPECT/CT tracer uptake of a specific compartment
and a higher risk of osteoarthritis progression. This study by
Hirschmann et al.” demonstrated the possibility that the signal
pattern on SPECT/CT could be used in diagnosis of early osteo-
arthritis.
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Hence, when the signal strength is measured using SPECT/CT
after HTO, the risk of arthritis progression can be determined
even with a short follow-up. Therefore, the current study was
conducted to analyze the usefulness of the surgery using SPECT/
CT.

The purpose of the current study was to examine the effect
of a valgization open wedge high tibial osteotomy (OWHTO)
on intra-articular cartilage changes of each compartment using
SPECT/CT. Our hypothesis was there would be a correlation
between the degree of mechanical axis of HTO and SPECT/CT
image which can be used as a clinical guide for proper correction.

Materials and Methods

1. Materials

Among the patients who had undergone OWHTO at our hos-
pital between January 2013 and November 2014, 22 patients (22
cases), in whom 1-year postoperative follow-up was possible,
were analyzed using SPECT/CT images taken around 1 year
after the surgery (average, 12 months postoperatively; range, 11
to 17 months postoperatively). All 22 patients had symptomatic
medial compartment osteoarthritis (Kellgren-Lawrence grade II
or III) of the knee with varus deformity and had neither lateral
compartment osteoarthritis nor patellofemoral osteoarthritis.
Two patients had undergone sequential HTO on both sides, and
the analysis was performed using data from the first surgery. In
all cases, SPECT/CT imaging was performed around 1 year af-
ter surgery (average, 12 months postoperatively; range, 11 to 17
months postoperatively) and after verifying bone fusion. Surgery
in all cases was performed by a single, experienced orthopedic
surgeon.

There were 3 males and 19 females with a mean age of 57.7
years (range, 45 to 74 years) at the time of surgery. Preoperative
lower extremity alignment showed an average of 6.93° of varus
mechanical alignment (Table 1).

Prior to the osteotomy, a diagnostic arthroscopy was performed
in all cases, and if medial meniscal root tear was detected, repair
or partial meniscectomy was performed, whereas if cartilage le-
sions were detected on the medial tibiofemoral articular surface,

Table 1. Gender, Age, and Mechanical Axis (MA) in Each Group

intra-articular procedures such as microfracture were performed
for cartilage lesions of Outerbridge grade III or higher.

Regarding the medial Outerbridge grade by preoperative diag-
nostic arthroscopy, 6 cases were grade II, 4 cases were grade III,
and 12 cases were grade IV among the 22 cases.

The correction angle was estimated preoperatively using the
ruler method with the Fujisawa point set as the target. During
surgery, the angle was checked using a C-arm fluoroscope with
application of axial force in consideration of weight bearing situa-
tions.

Rehabilitation in the first postoperative year, prior to follow-up
SPECT, involved walking with crutches and walking with aids
immediately after the surgery, with crutches being removed and
full weight bearing allowed from the second month on and use of
walking aids permitted until the third month. The same rehabili-
tation regimen was applied to all patients.

SPECT imaging was performed between January 2014 and
November 2015, after providing explanations to all study partici-
pants on the necessity of SPECT/CT examinations for postopera-
tive follow-up observations and receiving their consent.

This study was approved by the Institutional Review Board of
our hospital before commencing the study.

2. Radiographic Measurement and SPECT/CT Imaging

In the current study, the mechanical axis at the time of SPECT/
CT imaging was used as the criterion for group classification (Fig. 1).

Postoperative mechanical axis was classified into 3 groups:
group I (varus), group II (0°-3° valgus), and group III (>3° val-
gus).

Although there are slight differences in the most ideal postop-
erative correction angle reported by each author'""”, the Fujisawa
point currently used by many authors aims for 2°~4° of valgus in
the mechanical axis and 8°~10° of valgus in the anatomical axis'";
and as such, the current study divided the patient groups using a
cut-off of 3° of valgus of the mechanical axis.

Patella location was estimated using the preoperative and post-
operative Blackburne-Peel (BP) ratio, and the difference was cal-
culated (Fig. 2).

Arthroscopic cartilage lesions were classified according to

Variable Group I (n=2) Group II (n=13) Group IIT (n=7) Total (n=22)
Gender (M:F) 0:2 1:12 2:5 3:19
Mean age (yr) 58.50 58.15 56.71 57.73
Preoperative MA (°) Varus 5.84 Varus 7.19 Varus 6.76 Varus 6.93
Postoperative MA (°) Varus 1.57 Valgus 1.47 Valgus 3.82 Valgus 1.94
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Outerbridge grades. During diagnostic arthroscopy prior to cor-  group was marked as a negative signal (Figs. 4 and 5). The evalu-

rective osteotomy, Outerbridge grade assessments on cartilage  ation of signal intensity was performed independently by one

lesions were performed only on the medial compartment (medial ~ orthopedic surgeon and one radiologist who had no association

femoral condyle and medial tibial plateau) (Fig. 3). with the surgery performed on the patients, and the results of
Using SPECT/CT, we evaluated the signal in 3 compartments evaluation by these two observers corresponded completely (Co-

of the knee joint (medial, lateral, and patellofemoral compart-  hen kappa coefficient, 1).

ments). The signal intensity was compared with the tibiofemoral

shaft as a comparison group, which showed no signal in all pa- 3. Statistical Analysis

tients. In this comparison, the brighter signal was marked as a IBM SPSS ver. 22.0 (IBM Co., Armonk, NY, USA) was used for

positive signal and the same signal intensity as the comparison

@3.21 (356.79)

Fig. 3. Medial cartilage lesions were identified by preoperative arthro-
scopic examination before high tibial osteotomy and classified according
to Outerbridge classification.

Fig. 1. Preoperative (A) and postoperative (B) measurements and chang-
es in the mechanical axis on full-length lower extremity scanogram (pre-
operative mechanical axis, 3.21° varus; postoperative mechanical axis,
3.38° valgus).

Fig. 4. Positive signal in the medial tibiofemoral compartment on single-
Fig. 2. Measurement of the Blackburne-Peel ratio (b/a) on the preopera-  photon emission computerized tomography (CT) and conventional CT
tive (A) and postoperative (B) lateral radiographs. (the signal is brighter on the articular side of the medial femoral condyle).
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data analysis; increased signal activity of each compartment was
calculated according to groups, BP ratio, and Outerbridge grades
using chi-square test, t-test. A p-value less than 0.05 was consid-
ered statistically significant.

Results

The preoperative mechanical axis was 1.57° varus for 2 cases in
group I (varus), 1.47° valgus for 13 cases in group II (0°-3° valgus),
and 3.82° valgus for 7 cases in group III (>3° valgus) (Table 1).

1. Increased Signal Activity in the Medial Compartment by

Group and Outerbridge Classification

Increased signal activity in the medial compartment was ob-
served in 12 cases: 100% in group I, 46% in group II, and 57%
in group III (Table 2, Fig. 4). No correlation was observed be-
tween postoperative mechanical axis and medial signal increase
(p=0.301). In preoperative Outerbridge classification, medial
increased signal activity was shown in 66% in grade II, 25% in
grade III, and 58% in grade IV (Table 3). No correlation was
observed between preoperative Outerbridge classification and

Fig. 5. Positive signal in the patellofemoral compartment on single-
photon emission computerized tomography (CT) and conventional CT
(the signal is brighter on the articular side of the patella).

Table 2. Increased Signal Activity in the Medial Compartment by Group

Medial hot uptake ~ GroupI ~ GroupIl  Group III Total
- 0 7 3 10
+ 2 6 4 12
Total 2 13 7 22

medial increased signal activity.

2. Increased Signal Activity in the Lateral Compartment by
Group
Lateral increased signal activity was observed in only 3 cases,
and the mean mechanical axis was 3.53° valgus. All 3 patients be-
longed to group III and there was significant difference between
groups (p=0.005). When valgus degree increased, lateral com-
partment signal activity also increased (p=0.005) (Table 4).

3. Increased Signal Activity in the Patellofemoral Joint by BP
Ratio

The BP ratio was measured preoperatively and postoperatively.
The preoperative value was 0.75£0.13 and the postoperative
value was 0.67+0.13, and the difference was 0.08+0.4. Increased
signal activity of the patellofemoral joint was observed in 7 cases,
and statistically significant correlation was observed between hot
uptake in the patellofemoral joint and changes in the BP ratio
(p=0.017) (Table 5, Fig. 5).

Table 3. Increased Signal Activity in the Medial Compartment by
Preoperative Outerbridge Classification

Medial hot uptake  GradeIl =~ GradelIl =~ GradeIV Total
- 2 3 5 10
+ 4 1 7 12
Total 6 4 12 22

Table 4. Increased Signal Activity in the Lateral Compartment by Group®

Lateral hot uptake  GroupI ~ GroupII  Group III Total
- 2 13 4 19
+ 0 0 3 3
Total 2 13 7 22

YLinear by linear association, p=0.005.

Table 5. Increased Signal Activity in the Patellofemoral Joint by BP Ratio”

Patellofemoral ~ Patellofemoral

Variable uptake — (n=15) uptake + (n=7) p-value
Preoperative BP ratio 0.69+0.16 0.82+0.84 0.019
Postoperative BP ratio 0.63+0.16 0.71£0.07 0.159
Difference 0.06+0.04 0.11+0.02 0.001

BP: Blackburne-Peel.
“Linear by linear association, p=0.017.



Discussion

The clinical uses of SPECT/CT have increased recently because
biologic activities observed on SPECT have been known to
strictly correlate with the anatomical region observed on CT'".
Hirschmann et al.” reported that a loading pattern by mechani-
cal varus/valgus alignment showed significant correlation with
higher SPECT/CT tracer uptake of specific compartment and
higher risk of osteoarthritis progression. In the report, SPECT/
CT was used as an imaging modality for follow-up of patients
after realignment treatment such as HTO.

In addition, Hirschmann et al.” reported that combining the
three-dimensional (3D) mechanical information on tunnel place-
ment and attachment areas and the 3D metabolic data using
SPECT/CT would be helpful in evaluation of patients with pain
after anterior cruciate ligament reconstruction and causes of graft
failure. Konala et al.” reported that SPECT/CT may hold great
clinical value for symptomatic patients who have previously un-
dergone treatment for osteochondral lesions. Hirschmann et al.*"”
reported on the value of SPECT/CT for evaluation of patients with
unexplained pain after total knee arthroplasty or patellofemoral
disorders.

In addition, plane SPECT reflects serum markers of bone and
cartilage metabolism such as cartilage oligomeric matrix protein
and bone sialoprotein. As subchondral bone changes precede
joint space narrowing, SPECT can detect osteoarthritis earlier
than radiography'>'®. The SPECT/CT systems can provide clear
anatomical detail through high resolution CT imaging.

Despite increased interest in valgization HTO, there is little in-
formation on the intra-articular effect of osteotomy. The SPECT/
CT reflects the mechanical loading of different compartments
in the knee. We studied open wedge proximal osteotomy pa-
tients with SPECT/CT to investigate its use as a clinical guide
for proper correction. In all cases of the varus group, the medial
compartment showed hot uptake, and hot uptake in the lateral
compartment was seen when the mechanical axis exceeded 3°
of valgus. In the group that showed an increase in signal in the
patellofemoral joint on the SPECT/CT at 1 year after surgery, sta-
tistically significant differences were observed in BP ratios before
and after surgery.

In our study, lateral increased signal activity was observed in
3 cases, and their mean mechanical axis was 3.53° valgus. All of
these patients belonged to group III, and statistically significant
difference was observed between groups (p=0.005). Therefore,
we thought that overcorrection was necessary; however, overcor-
rection over 3° of valgus of the mechanical axis would be harmful

Knee Surg Relat Res, Vol. 28, No. 4, Dec. 2016 267

to the lateral compartment regarding the progression of osteoar-
thritis.

Fujisawa et al."” recommended using the weight bearing line
through a point at 62% of the tibial width through the lateral
compartment. Coventry'” stated that the survival rate could be
94% when the femorotibial angle was 8°~10° valgus and 64%
when it was less than 8° valgus. Rudan and Simurda'” recom-
mended that the ideal femorotibial angle after osteotomy should
be 6°~14°. Insall et al."” suggested the ideal femorotibial angle as
5°-14°.

Mucha et al.”” reported on the decrease of significant signal
lesion between the preoperative and postoperative period follow-
ing HTO. Our study found medial increased signal activity in 12
out of 22 cases. Especially, all patients of group I (varus) showed
positive signal intensity in the medial compartment. Thus, we
think that surgeons need to overcorrect HTO for the treatment of
medial osteoarthritis.

If preoperative osteoarthritis is more severe, we would predict
that the medial signal activity would continue after HTO, but
even in Outerbridge grade IV, medial hot uptake was only 58%,
and there was no statistically significant difference between
the preoperative Outerbridge grade and the signal intensity of
SPECT/CT (Table 3). Generally, HTO is not competitive com-
pared to TKA for advanced osteoarthritic patients, but we think
that HTO could be considered as an effective operation even in
minor cases of advanced osteoarthritis. For example, Schuster et
al." recently reported that achievement of successful outcomes
was possible via treatment of severe medial osteoarthritis and
varus malalignment with medial OWHTO combined with a
chondral resurfacing procedure (abrasion/microfracture) in
cases of Kellgren-Lawrence grade 3 and 4 osteoarthritis with full-
thickness cartilage defects and varus malalignment.

Increased signal activity of the patellofemoral joint was ob-
served in 7 cases (32%). Lee et al."” reported that patella tilt did
not change but patella baja appeared after HT'O. In addition,
Chae et al.”” reported that the mean BP ratio declined from 0.71+
0.12 t0 0.61+0.13 (p<0.001) after OWHTO.

In this study, the value of BP ratio was 0.75+0.13 preoperatively
and 0.67+0.13 postoperatively, and the difference was 0.08+0.4
(p<0.001). In addition, there was statistically significant differ-
ence between the BP ratio and the signal activity of the patel-
lofemoral joint (p=0.017). Therefore, surgeons should also be
aware that a patellofemoral joint problem could occur after HTO
operation, and selection of patients with operational indication is
important.

The limitations of this study were as follows. First, we did not
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analyze the uptake signal on SPECT/CT quantitatively but only
examined the appearance of uptake signal. Although SPECT/CT
has recently proven useful as a diagnostic tool in the orthopedic
field, its use has a number of limitations. Its clinical adoption
has been limited due to shortcomings of the available analytical
tools. Specifically, SPECT analyses are mainly qualitative due to
variation in the overall metabolic uptake among patients. Fur-
thermore, most analyses are performed in two-dimensional, de-
spite the wide availability of 3D data. Consequently, quantitative
comparison of the position, size, and intensity of SPECT uptake
regions among patients is difficult; therefore, it is difficult to draw
meaningful clinical conclusions. Second, due to the small num-
ber of patients, it is difficult to grant statistical significance to the
tindings of the study. A power analysis for calculation of sample
size based on this study involving an adequate number of cases
would be necessary. Third, preoperative SPECT/CT image scan-
ning was not performed in this study; therefore, we could not
perform preoperative and postoperative comparison. In particu-
lar, lateral and patellofemoral compartments were not properly
analyzed by preoperative SPECT/CT before HTO. As a result,
the analysis based only on the 1-year postoperative SPECT/CT
could not be conclusive enough to determine clinical correlation
without an analysis of arthroscopic changes on the lateral and
patellofemoral compartments. In addition, a long-term follow-
up is needed to confirm that the results obtained with SPECT/
CT correspond with those obtained using other radiologic meth-
ods. Finally, in this study, we did not consider patient-associated
variables such as the physical activity level, quadriceps muscle
strength, body mass index, rehabilitation for the 1-year postop-
erative period, and the extent of postoperative activity.

Conclusions

The SPECT/CT is useful in the evaluation of compartment
changes in the early postoperative period after OWHTO. For the
treatment of medial osteoarthritis, overcorrection is necessary
during OWHTO; however, care should be taken not to over-
correct more than 3° valgus at the same time. In addition, the
surgeon should keep in mind that a patellofemoral joint problem
could occur after OWHTO.
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