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Background: Open wedge high tibial osteotomy (OWHTO) and total knee arthroplasty (TKA) alter the
ankle joint line obliquity (AJLO) to be more horizontal relative to the ground and aligns the valgus
subtalar joint (SJ) neutrally. A previous study of the hindfoot alignment angle (HAA) showed that lower
limb alignment after OWHTO becomes under-corrected because of abnormal compensation by the SJ.
However, because TKA can exclude effects of femorotibial joint instability, analysis of a post-TKA cohort
enables a more accurate evaluation of SJ compensation than analysis of a post-OWHTO cohort. In the
present study, we performed radiographic evaluations before and after TKA to analyze SJ compensation.
Methods: Lower limb and hindfoot alignment were measured on plain radiographs in 46 patients (48
knees) who underwent TKA in our department. The patients were divided into Group A (postoperative
AJLO within ±1�) and Group B (postoperative AJLO greater than ±1�), and various parameters were
compared between the groups. The preoperative HAA that resulted in an abnormal postoperative AJLO
was investigated.
Results: Group A had a significantly smaller preoperative HAA (p ¼ 0.03) and postoperative HAA
(p < 0.01) than Group B. Differences in the preoperative HAA between the two groups showed a cut-off
value of 9.06�.
Conclusion: Patients with an HAA of more than 9.06� are likely to have abnormal hindfoot compensation.

© 2022 Delhi Orthopedic Association. All rights reserved.
1. Introduction

Varus or valgus deformities of the knee joint may be caused by
osteoarthritis (OA).1 Lower limb malalignment along with subtalar
joint (SJ) compensation allows the proximal tibial articular surface
to be horizontal to the ground.1e4 Therefore, varus knees develop a
valgus hindfoot, and valgus knees develop a varus hindfoot.4e6 In
addition, after open wedge high tibial osteotomy (OWHTO) or total
knee arthroplasty (TKA) for varus OA, the talus joint surface be-
comes horizontal to the ground with a valgus hindfoot.1e4,7e14 The
compensatory ability and alignment changes of the SJ are then
attributed to the mobility of the SJ.8,14e18 A previous study used the
hindfoot alignment angle (HAA) to evaluate SJ compensation and
showed that lower limb alignment after OWHTO was under-
corrected because of abnormal SJ compensation.14 Thus, the SJ is
an important factor in determining lower limb alignment. How-
ever, SJ compensationmay be affected by the complicated structure
(A. Maeyama).
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of the joint, and the pathophysiology has not been clarified.
A previous study of SJ compensation included patients who

had undergone OWHTO.14 The lower limb alignment became
valgus after surgery; therefore, the varus and valgus mobility of
the femorotibial (FT) joint and the influence of postoperative
valgus alignment on the hindfoot could not be excluded. In
contrast to OWHTO, TKA highly constrains the FT joint and the
target alignment is close to neutral, making it possible to exclude
the influence of FT joint mobility on hindfoot alignment.
Furthermore, if SJ compensation is normal, the talus should be
horizontal to the ground in patients with OA with neutral lower
limb alignment after TKA. Therefore, the compensatory ability of
the SJ could be evaluated more accurately by comparing hindfoot
alignment before and after TKA rather than OWHTO.

In the present study, we evaluated SJ mobility using imaging
before and after TKA. We hypothesized that investigating the
impact of TKA on hindfoot alignment may clarify the pathophys-
iology of the compensatory ability of the SJ.
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2. Patients and methods

2.1. Patients

We identified 94 patients (100 knees) with OA who had un-
dergone TKA performed by one of our senior surgeons between
April 2019 and July 2021. Patients with KellgreneLawrence grade III
or IV knee OA refractory to conservative therapy were indicated for
surgery. The exclusion criteria were lower limb injury (8 knees),
lower limb fracture (1 knee), rheumatoid arthritis (10 knees),
postoperative implant dislocation (1 knee), lack of preoperative and
postoperative radiographs (2 knees), and loss to follow-up (4
knees). The inclusion criterion was a mechanical axis (MA) of 40%e
60% on anteroposterior weight-bearing whole-leg radiographs
obtained at 3 months after TKA. Forty-eight knees of 46 patients
were analyzed (Fig. 1).
2.2. Surgical procedure and postoperative rehabilitation

We performed TKA using a posterior stabilized type of Persona®
(Zimmer Biomet, Warsaw, IN, USA) or Triathlon® (Stryker, Mah-
wah, IN, USA). The patients were permitted to begin range-of-
motion training 1 day after surgery and gait training 2 days after
surgery.
2.3. Radiographic measurements

Radiographs of the entire length of the lower limb taken before
and 3 months after TKA with the patella facing straight ahead and
the knee joint in extension were evaluated. The assessment items
were the MA, hip-knee-ankle angle (HKA), lateral bowing angle of
the femoral shaft (BFS), mechanical lateral distal femoral angle
(mLDFA), knee joint line obliquity relative to the ground (KJLO10;
valgus shift of the proximal knee joint surface was indicated by a
negative value), joint line convergence angle (JLCA), mechanical
lateral distal tibial angle (mLDTA), mechanical medial proximal
tibial angle (mMPTA), ankle joint line obliquity relative to the
ground (AJLO10; valgus shift of the talus surface was indicated by a
negative value), and talar tilt. The hindfoot angle was measured
using hindfoot angle view radiographs (Fig. 2).19e21

In accordance with a previous study,14 the hindfoot angle plus
the AJLO was used as an index of hindfoot alignment.
Fig. 1. Study flowchart. MA: mechanical axis; TKA: total knee arthroplasty.
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Compensation of the SJ was then assessed indirectly as the pre-to
post-TKA difference in the HAA.

3. Statistical analysis

Patient background characteristics (age, sex, right and left side,
body mass index [BMI], and Kellgren-Lawrence grade) are
expressed as mean ± standard deviation. Preoperative and post-
operative differences in the MA, HKA, BFS, mLDFA, KJLO, JLCA,
mLDTA, mMPTA, AJLO, and talar tilt were evaluated using the
paired t-test. Radiographic parameters were compared using the
ManneWhitney U test between patients with postoperative AJLO
within ±1� (Group A) and those with AJLO greater than ±1� (Group
B) (Fig. 3).

Binomial and multivariate logistic regression analyses were
performed between the explanatory variables (age, sex, BMI, and
preoperative radiographic parameters) and the criterion variable of
postoperative AJLO within ±1�. Results were considered significant
at a p-value of <0.05. Cut-off values for each parameter were
determined using receiver operating characteristic (ROC) curves
based on the results of the logistic regression analysis. The esti-
mated area, sensitivity, and specificity were also obtained from the
ROC curves. A post-hoc power analysis was conducted to confirm
that the number of knees examined provided sufficient statistical
power to detect significance. The results showed that examining 42
knees resulted in 80% power with significance at 5%, validating our
sample size of 48 knees.

Radiographic measurements were performed by two orthope-
dic surgeons, independently. The intraclass correlation coefficient
ranged from 0.81 to 1.00 for both intraobserver and interobserver
variances. Statistical analyses were performed using SPSS software
version 23.0 (IBM Corporation, Armonk, NY, USA).

4. Results

The patients’ background characteristics (age, sex, right and left
side, BMI, and Kellgren-Lawrence grade) are presented in Table 1. Of
the 48 knees analyzed, 23 were in Group A and 25 were in Group B.

Table 2 shows the differences in mean radiographic parameters.
From preoperatively to postoperatively, significant improvement
was observed in the MA (p < 0.01) and HKA (p < 0.01), a significant
increase was observed in the mMPTA (p < 0.01), and a significant
decrease was observed in the KJLO (p ¼ 0.01), JLCA (p < 0.01), AJLO
(p ¼ 0.01), hindfoot angle (p < 0.01), and HAA (p < 0.01).

The preoperative HAA (p ¼ 0.03) and postoperative HAA
(p < 0.01) were significantly smaller in Group A than Group B
(Table 3).

Nine postoperative hindfoot angle and AJLO combinations were
observed (Fig. 4). Patients with neutral AJLO had varus-tilted
hindfoot angles (11 of 48 knees), valgus-tilted hindfoot angles (7
knees), and normal hindfoot angles (5 knees). Patients with varus-
tilted AJLO had valgus-tilted hindfoot angles (3 knees), normal
hindfoot angles (1 knee), and varus-tilted hindfoot angles (7 knees).
Patients with valgus-tilted AJLO had valgus-tilted hindfoot angles
(6 knees), normal hindfoot angles (7 knees), and varus-tilted
hindfoot angles (1 knee).

We used binomial logistic regression analysis to identify pre-
operative parameters that predict a postoperative AJLO within ±1�

(Table 4). The only predictor significantly associated with a post-
operative AJLO within ±1� was the preoperative HAA (odds ratio
[OR]¼ 0.90, 95% confidence interval [CI]¼ 0.82e0.99, p¼ 0.04). We
used multivariate logistic regression analysis to identify preopera-
tive parameters that predict a postoperative AJLO within ±1�

(Table 5). There was a significant association between the preop-
erative HAA (OR ¼ 0.69, 95% CI ¼ 0.54e0.89, p ¼ 0.01) and a



Fig. 2. Radiographic parameters evaluated preoperatively and postoperatively for total knee arthroplasty. The hindfoot angle was measured on hindfoot alignment views, and
frontal alignment of the ankle and knee joints was measured on weight-bearing whole-leg radiographs. (a) Mechanical axis. (b) Lateral bowing angle of the femoral shaft. (c)
Mechanical lateral distal femoral angle. (d) Knee joint line obliquity relative to the ground (valgus shift of the proximal knee joint surface was indicated by a negative value). (e) Joint
line convergence angle. (f) Mechanical lateral distal tibial angle. (g) Mechanical medial proximal tibial angle. (h) Ankle joint line obliquity relative to the ground (valgus shift of the
talus surface was indicated by a negative value). (i) Talar tilt. (j) Hindfoot angle. The angle at which the tibial and calcaneal axes intersect is the hindfoot angle. The tibial axis is the
line bisecting the shaft cortex and drawn approximately 100 mm from the tibial surface, and the calcaneal axis is the line bisecting the osteogenic contours of the calcaneus.
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postoperative AJLO within ±1�.
Analysis using ROC curves showed that the cut-off value for the

preoperative HAA at which the postoperative AJLO after TKA was
3

greater than ±1� was 9.06�. The sensitivity was 76.0%, the speci-
ficity was 52.2%, and the area under the curve was 0.689 (Fig. 5).



Fig. 3. Whole-leg radiograph of the lower limb taken 3 months after TKA with the
patella facing straight ahead and the knee joint in extension. (a) Patients with a
postoperative ankle joint line obliquity relative to the ground (AJLO) within ±1� (Group
A). (b) Patients with a postoperative AJLO of greater than ±1� (Group B).

Table 1
Patients’ background characteristics (n ¼ 48).

Patient characteristics

Age (years) 76.4 ± 7.7 (range 58e89)
Sex (male/female) 6/42
Right/left 29/19
BMI (kg/m2) 26.0 ± 3.4 (range 19.3e34.5)
Kellgren - Lawrence grade (I/II/III/IV) 0/0/5/43

Data are presented as the mean ± standard deviation (range) or number of patients
unless otherwise noted.
BMI: body mass index.

Table 2
Differences in mean radiographic parameters as determined by the paired-t test.

Pre - TKA Post - TKA Difference p value

MA (%) 26.4 ± 35.8 47.9 ± 4.9 - 21.5 ± 35.4 <0.01
HKA (�) - 5.4 ± 9.5 - 0.2 ± 1.3 - 5.2 ± 9.2 <0.01
BFS (�) - 0.8 ± 2.7 - 0.9 ± 2.8 0.1 ± 0.1 0.36
mLDFA (�) 89.1 ± 3.0 89.7 ± 1.7 �0.6 ± 3.4 0.20
KJLO (�) 2.9 ± 4.6 0.3 ± 1.8 2.5 ± 4.9 0.01
JLCA (�) 3.2 ± 5.6 0.1 ± 0.7 3.1 ± 5.7 < 0.01
mLDTA (�) 90.8 ± 3.8 90.5 ± 3.2 0.3 ± 0.3 0.49
mMPTA (�) 85.1 ± 3.5 89.8 ± 1.3 -4.7 ± 3.7 < 0.01
AJLO (�) 3.7 ± 6.3 - 0.4 ± 2.9 4.1 ± 8.4 0.01
Talar tilt (�) 0.1 ± 1.1 0 ± 1.1 - 0.1 ± 0.8 0.36
Hindfoot angle (�) 5.3 ± 4.8 2.7 ± 4.6 2.6 ± 4.3 <0.01
HAA (�) 11.8 ± 6.6 6.4 ± 4.0 5.4 ± 5.5 <0.01

Data are presented as the mean ± standard deviation.
TKA: total knee arthroplasty; MA:mechanical axis; HKA: hip-knee-ankle angle; BFS:
lateral bowing angle of the femoral shaft; mLDFA: mechanical lateral distal femoral
angle; KJLO: knee joint line obliquity relative to the ground; JLCA: joint line
convergence angle; mLDTA: mechanical lateral distal tibial angle; mMPTA: me-
chanical medial proximal angle; AJLO: ankle joint line obliquity relative to the
ground; HAA: hindfoot alignment angle.

Table 3
Comparison of preoperative and postoperative radiographic parameters between
Groups A and B.

Group A (n ¼ 23) Group B (n ¼ 25) p value

Preoperative
MA (%) 20.9 ± 28.6 31.1 ± 41.2 0.32
HKA (�) - 7.5 ± 7.8 - 3.4 ± 10.6 0.14
BFS (�) - 0.4 ± 3.1 - 1.1 ± 2.3 0.35
mLDFA (�) 89.1 ± 2.7 89.1 ± 3.3 0.96
KJLO (�) 2.4 ± 2.3 3.3 ± 6.0 0.48
JLCA (�) 3.7 ± 4.0 2.7 ± 6.9 0.53
mLDTA (�) 90.4 ± 3.1 91.1 ± 4.3 0.52
mMPTA (�) 84.4 ± 4.0 85.7 ± 2.8 0.20
AJLO (�) 3.7 ± 3.4 3.7 ± 8.2 0.97
Talar tilt (�) - 0.3 ± 1.3 0.1 ± 1.0 0.25
Hindfoot angle (�) 5.6 ± 4.0 5.1 ± 5.5 0.71
HAA (�) 9.7 ± 6.2 13.8 ± 6.4 0.03
Postoperative
MA (%) 48.5 ± 4.9 47.3 ± 4.9 0.38
HKA (�) - 0.1 ± 1.3 - 0.3 ± 1.3 0.58
BFS (�) - 0.4 ± 3.1 - 1.3 ± 2.4 0.24
mLDFA (�) 89.6 ± 1.7 89.8 ± 1.7 0.70
KJLO (�) 0.8 ± 1.5 - 0.1 ± 2.1 0.12
JLCA (�) 0.1 ± 0.7 0 ± 0.6 0.66
mLDTA (�) 89.9 ± 2.0 91.1 ± 3.9 0.22
mMPTA (�) 89.9 ± 1.2 89.7 ± 1.4 0.59
AJLO (�) 0 ± 0.7 1.5 ± 3.8 0.06
Talar tilt (�) - 0.1 ± 1.2 0.2 ± 0.9 0.48
Hindfoot angle (�) 2.2 ± 4.2 3.2 ± 5.0 0.47
HAA (�) 4.4 ± 2.9 8.2 ± 4.1 <0.01

Data are presented as the mean ± standard deviation. Parameters were compared
using paired t-tests.
MA: mechanical axis; HKA: hip-knee-ankle angle; BFS: lateral bowing angle of the
femoral shaft; mLDFA: mechanical lateral distal femoral angle; KJLO: knee joint line
obliquity relative to the ground; JLCA: joint line convergence angle; mLDTA: me-
chanical lateral distal tibial angle; mMPTA: mechanical medial proximal angle;
AJLO: ankle joint line obliquity relative to the ground; HAA: hindfoot alignment
angle.
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5. Discussion

This is the first study to evaluate the relationship between
various parameters and SJ mobility using the HAA before and after
TKA. A significant difference between the preoperative and post-
operative HAA was noted when the postoperative AJLO was not
4

within ±1�, evenwhen the postoperative lower limb alignment was
neutral. Our results show that patients with a preoperative HAA of
more than 9.06� are predicted to have abnormal SJ compensation.

The relationship between TKA and hindfoot alignment has been
studied previously. Mullaji and Shetty13 evaluated preoperative and
postoperative deviations in the HKA, MA, and MA including the
hindfoot. They reported a decrease in hindfoot valgus alignment
after TKA.13 However, they did not evaluate the AJLO. Previous re-
ports suggest that ankle symptoms may occur postoperatively



Fig. 4. Nine combinations of the postoperative hindfoot angle and ankle joint line
obliquity relative to the ground (AJLO).

Table 4
Binomial logistic regression analysis to identify the preoperative parameters that
predict a postoperative AJLO of within ±1�.

Variables Odds ratio (95% Cl) p value

Age 0.99 (0.92e1.07) 0.84
Sex (female ¼ 0, male ¼ 1) 0.41 (0.07e2.51) 0.34
BMI (kg/m2) 0.98 (0.83e1.16) 0.78
Preoperative
MA (%) 0.95 (0.89e1.02) 0.14
HKA (�) 0.99 (0.98e1.01) 0.32
BFS (�) 1.11 (0.89e1.38) 0.34
mLDFA (�) 1.01 (0.83e1.22) 0.96
KJLO (�) 0.95 (0.83-1.09) 0.49
JLCA (�) 1.04 (0.93-1.15) 0.52
mLDTA (�) 0.95 (0.81e1.11) 0.51
mMPTA (�) 0.89 (0.75-1.06) 0.87
AJLO (�) 1.00 (0.92-1.10) 0.97
Talar tilt (�) 0.73 (0.43e1.25) 0.25
Hindfoot angle (�) 1.04 (0.92e1.17) 0.56
HAA (�) 0.90 (0.82e0.99) 0.04

AJLO: ankle joint line obliquity relative to the ground; Cl: confidence interval; BMI:
body mass index; MA: mechanical axis; HKA: hip-knee-ankle angle; BFS: lateral
bowing angle of the femoral shaft; mLDFA: mechanical lateral distal femoral angle;
KJLO: knee joint line obliquity relative to the ground; JLCA: joint line convergence
angle; mLDTA: mechanical lateral distal tibial angle; mMPTA: mechanical medial
proximal angle; HAA: hindfoot alignment angle.

Table 5
Multivariate logistic regression analysis to identify the preoperative parameters that
predict a postoperative ankle joint line obliquity relative to the ground of within ±1�.

Variables Odds ratio (95% Cl) p value

Preoperative HAA (�) 0.69 (0.54e0.89) 0.01

Cl: confidence interval; HAA: hindfoot alignment angle.

Fig. 5. Receiver operating characteristic curve showing the preoperative hindfoot
alignment angle necessary to determine the cut-off value at which the ankle joint line
obliquity relative to the ground after total knee arthroplasty becomes greater than ±1�

after total knee arthroplasty. AUC: area under the curve.
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when the valgus-tilted AJLO does not improve after osteotomy and
TKA.8,10,15,22,23 In addition, the mobility of the SJ cannot be evalu-
ated only by evaluating hindfoot alignment. Therefore, when
evaluating the SJ, it is necessary to evaluate both the hindfoot and
the AJLO. Diao et al.2 evaluated changes in the HKA and hindfoot
angle before and after TKA and showed a correlation between
postoperative HKA improvement and the hindfoot angle. However,
they did not evaluate SJ mobility. Norton et al.4 reported that post-
TKA foot and ankle joint pain and dysfunction may be exacerbated
and hindfoot symptoms may worsen if patients undergoing TKA
also have SJ stiffness. Therefore, the SJ mobility should be evaluated
before and after TKA. However, their report included only varus
knees.4 Cho et al.3 compared the severity of preoperative knee
deformity between patients with <10 and � 10� of varus and re-
ported no significant difference in postoperative hindfoot align-
ment. However, they did not evaluate the perioperative AJLO and SJ
mobility.3 Takenaka et al.1 evaluated the perioperative hindfoot
5

alignment. They evaluated hindfoot compensatory ability and re-
ported that hindfoot valgus improves over time because of the
hindfoot compensatory ability after TKA.1 However, they did not
evaluate the perioperative AJLO. Attention should be paid to the
AJLO from the viewpoint of foot and ankle pain and disability after
TKA. Okamoto et al.24 reported that patients with severe OA who



Y. Yamasaki, A. Maeyama, K. Miyazaki et al. Journal of Clinical Orthopaedics and Trauma 31 (2022) 101947
had insufficient correction of hindfoot alignment after TKA still
complained of foot pain. Their study differed from ours in that
hindfoot alignment was measured on lateral weight-bearing ra-
diographs. In addition, they evaluated postoperative pain but not
the mobility of the SJ.

In the present study, the preoperative HAA cut-off value that
distinguished a postoperative AJLO of greater than ±1� from a
postoperative AJLO within ±1� was 9.06�. In contrast, a previous
study showed that the cut-off value after OWHTO was 15.9�.14

However, OWHTO adjusts the lower limb alignment to be more
valgus, and the effects of the KJLO and JLCA cannot be excluded.
Therefore, evaluating SJ mobility in patients undergoing TKA can
exclude the influence of FT joint instability and evaluate SJ mobility
more accurately. In this study, we assessed the mobility of the SJ in
patients undergoing TKA and calculated the cut-off value for
abnormal SJ mobility. Our results suggest that patients with OA and
an HAA of >9.06� have abnormal compensation in the hindfoot and
are likely to develop hindfoot malalignment and pain after
osteotomy and TKA. Therefore, assessing the preoperative HAA is
clinically significant for prediction of foot pain and malalignment
after osteotomy and TKA.

This study has two main limitations: one is its retrospective
design and the other is its relatively small sample size, although the
power analysis indicated an adequate number of patients to ach-
ieve 80% power. Another limitation is that the SJ and its mobility
were not directly assessed by radiography or other methods; rather,
the HAAwas evaluated as a measure of hindfoot mobility. The final
limitation is that clinical variables were not evaluated. Further
research is needed to determine whether patients with OA and an
HAA of >9.06� have associated changes in clinical variables after
TKA.
6. Conclusion

SJ mobility affects postoperative AJLO after TKA. Patients with
OA and an HAA of >9.06� have abnormal compensation in the
hindfoot and are predicted to develop hindfoot malalignment and
pain after osteotomy or TKA. Thus, the preoperative HAA should be
assessed before osteotomy or TKA.
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