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Abstract

Background: The change in hip-knee-ankle (HKA) angle after total knee arthroplasty (TKA) may cause an
adjustment in hindfoot alignment (HFA). However, the relationship between the changes in HKA angle and HFA is
still not well studied. This study aimed to investigate the association between HKA angle and hindfoot alignment
changes after TKA for varus knee osteoarthritis.

Methods: A prospective study was carried out in which 108 patients with varus knee deformities were
radiographically and clinically evaluated before and 3 months after TKA. The relationship of change in HFA with
correction in HKA angle was investigated.

Results: The results showed that the HFA was adjusted significantly by 3 months after TKA (p < 0.001), along with
improved American Orthopaedic Foot and Ankle Society (AOFAS) ankle hindfoot score (p < 0.001). Next, a univariate
correlation and linear regression analysis showed that the change in HFA was weakly correlated with the change in
HKA angle (r=-0.262, β=-0.14, 95 % CI: -0.23 to -0.04, P = 0.006). Further stratified analysis and interaction tests
revealed that age has a distinct effect on the correlation between the changes in HFA and HKA angle. The
correlation was dramatically greater in the group under 65 years (r=-0.474, β=-0.26, 95 % CI: -0.41 to -0.12, P = 0.001),
whilst, no correlation was observed in those above 65 years old (r=-0.036, β=-0.02, 95 % CI: -0.14 to 0.11, P = 0.779).

Conclusions: Our findings indicated that correction of HKA after TKA tend to promote adjustment in the hindfoot
alignment toward re-balance of the whole lower limb weight-bearing axis. However, this mechanism obviously
weakens in elderly patients. Therefore, if apparent hindfoot deformity exists in these patients before TKA, more
perioperative intervention is required for hindfoot adjustment, and even HKA undercorrection may be considered.
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Background
TKA is the most common surgical procedure for the
end-stage osteoarthritic knee [1–3]. The HKA angle
representing the mechanical alignment that runs from
the femoral head center to ankle center is expected to be
adjusted toward neutral after TKA [4]. However, the
weight-bearing axis of the lower extremity that goes
from pelvis to the ground including the hindfoot is
drawing more and more attention, because it also deter-
mines the improvement of the clinical symptoms and
long-term survival of the implant [5]. The total lower ex-
tremity weight-bearing axis is affected by the hindfoot
alignment, and the hindfoot varus or valgus deformities
lead to change of overall lower extremity weight-bearing
axis [6–8], which may cause secondary clinical problems.
This emphasizes the importance of hindfoot alignment
for the whole lower extremity loading axis.
Varus deformity of the knee is prevalent in patients

with severe osteoarthritis. To date, several studies have
reported that patients with knee varus deformity develop
compensatory changes at the subtalar joints by changing
the joint toward valgus [9–11]. Okamoto et al [12] re-
ported that patients with severe knee deformity usually
underwent persistent foot pain after TKA if the hindfoot
alignment was not well corrected. Several studies
showed that knee deformities are closely connected with
feet deformities, and TKA affected the axis of the lower
limb with adjustment in the hindfoot alignment after op-
eration [11, 13, 14]. So far, the detailed mechanism and
association of HKA angle and hindfoot alignment post-
operation remain controversial. A clear understanding of
the association between the adjustments in the hindfoot
alignment with the change in lower extremity mechan-
ical alignment is critically essential to predict and pre-
vent negative impacts on the overall lower extremity
weight-bearing axis.
The current study hypothesized that correction of

HKA angle after TKA affects hindfoot alignment toward
neutral mechanical alignment of the whole lower ex-
tremity. Therefore, this study aims to investigate the as-
sociation between the changes in HKA angle and
hindfoot alignment after TKA. Besides, variations of
function and clinical symptoms in ankle and hindfoot
would be evaluated by American Orthopaedic Foot and
Ankle Society (AOFAS) ankle hindfoot score. Since the
hindfoot was getting more rigid with ageing, it would
make sense to investigate if the elderly patients lose the
compensatory capacity. And hardly any studies have fo-
cused on the impact of age on these changes.
Based on above, the main objectives of this study were

to determine: (1) the changes of HKA angle and HFA
after TKA; (2) the association between the changes in
HKA angle and HFA; (3) the impact of age on these
changes.

Methods
Patient enrollment
This prospective study was approved by, and conducted
in strict accordance with the regulations of our institu-
tional Research Ethics Committee. Written consent was
obtained from all the enrolled individuals. The flow
chart of the participants is presented in Fig. 1. Totally,
108 eligible participants (aged from 50 to 80 years old)
who underwent TKA for varus knee osteoarthritis from
July 2017 to June 2018 were enrolled. There were 12 pa-
tients complained with foot symptoms before TKA. Each
participant underwent unilateral TKA by one skilled
orthopaedic surgeon. Briefly, posterior-stabilized (PS)
TKA using an intramedullary guide for distal femoral
cut, and extramedullary guide for tibial cut were per-
formed to achieve the surgical goals of correcting the
HKA angle towards 0°. Patients who were diagnosed
with rheumatoid arthritis, post-traumatic arthritis, con-
genital deformities in the limbs, or those who underwent
previous ankle or hindfoot surgery were excluded for
this study. Patients with rigid foot were also excluded
after physical examination by two experienced foot and
ankle surgeons.
The patient information, including age, sex, height,

weight, body mass index (BMI), was collected. In
addition, radiological evaluation before and three
months after operation was conducted for all the en-
rolled patients, and the clinically relevant AOFAS Ankle
Hindfoot Scale was performed before and 3 months after
TKA as well. Radiographic images were digitized and
stored in the Electronic Medical Record System. Image
measurement software (UniWeb Viewer, EBM Tech-
nologies, Inc.) was used for the measurements of the
HKA angle and hindfoot alignment. Individually, pre-
operative HKA angle (HKAB) and postoperative HKA
(HKAP), change in HKA angle (CHKA =HKAP-
HKAB), preoperative HFA (HFAB) and postoperative
HFA (HFAP), as well as the change in HFA (CHFA =
HFAP- HFAB) were measured. The AOFAS score in-
volves nine different items regarding pain, function and
mobilization, and joint alignment with a maximum score
of 100 points. A higher score represents a better clinical
performance of the ankle and hindfoot.

Radiological evaluation
The hindfoot alignment and HKA angle were assigned
as a negative value for varus and a positive value for val-
gus. HKA angle was measured from full-leg length
standing anteroposterior (AP) radiographs. HKA indicat-
ing the alignment of the lower limbs was defined as the
angle between the femur mechanical axis, a line drawn
from femoral head center to center of the knee and tibia
mechanical axis, a line drawn from center of the knee to
center of ankle joint (Fig. 2) [13, 15]. The weight-bearing
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hindfoot alignment radiographs were obtained from the
long axial view. This method has been widely used in
many studies because it demonstrates hindfoot align-
ment well [16–18]. The hindfoot alignment was mea-
sured as the intersectant angle of two lines: one line
indicates the tibia mid-diaphyseal axis and the other line
indicates the mid-diaphyseal calcaneus axis. The tibia
mid-diaphyseal axis was determined by the extending
line through two mid-diaphyseal points (30 mm apart)
that bisect the tibia. The calcaneal axis was presented by
the extending line of two points: one of the points is the
40 % mark of a horizontal line7 mm from the most distal
part of the calcaneus (divided into 40 %:60 % ratio), the
other point is the bisecting point of a horizontal line 30
mm from the most distal part of the calcaneus (Fig. 3).

Statistical analysis
Continuous variables were expressed as median or
mean ± standard deviation (SD) and categorical variables
were presented as frequency (%). Student’s t-test was
used to compare the HKA angle, hindfoot alignment,
and AOFAS score before and three months after TKA.
A univariate linear regression model was applied to
evaluate the association between the change in HKA

angle and the change in HFA. Furthermore, stratified
analysis and interaction tests were conducted for age,
sex, BMI, preoperative HKA, postoperative HFA to de-
termine the potential factors that affect the association
between the change in HKA and change in HFA. The
WHO has defined “elderly” as a chronological age of 65
years old or older. The BMI score is used to determine
whether a person has too much body fat. BMI scores of
20 to 24.9 are considered normal or healthy weight.
scores over 25 are overweight. Thus, to determine
whether age and weight have an impact on the correl-
ation between the change in HKA angle and hindfoot
alignment. We divided a further stratified analysis and
interaction tests into age of < 65 years and ≥ 65 years,
BMI of < 25 kg/m2 and ≥ 25 kg/m2.In addition, refer to
literature [10], there was a moderate negative association
between the HKA angle and the Saltzman hindfoot
angle, but this trend was only limited for patients with
severe knee deformities (more than 10°). And hindfoot
alignment HFA > 0° indicates valgus hindfoot, while
HFA < 0° indicates varus hindfoot. Therefore, preopera-
tive HKA of ≤-10° and >-10°, or preoperative HFA of ≤
0° and > 0° were also determined for stratified analysis
and interaction tests. The statistical analysis was

Fig. 1 Flowchart of the participants in this study
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Fig. 2 HKA angle measurement on a full-leg standing
anteroposterior (AP) radiograph. HKA angle(a) was defined as the
angle formed by the intersection of a line drawn from the center of
the femoral head to the intercondylar fossa of the distal femur
(green line) and a line drawn from the intercondylar spine of the
proximal tibia to the center of the ankle joint (white line)

Fig. 3 Hindfoot alignment measurement on a long axial view of the
hindfoot. Hindfoot alignment(b) was measured as the angle
between the anatomical axis of the tibia (long white line) and the
axis of the calcaneus (yellow line). The tibia mid-diaphyseal axis was
determined by the extending line through two mid-diaphyseal
points (30 mm apart) that bisect the tibia. The calcaneal axis was
presented by the extending line of two points: one of the points is
the 40 % mark of a horizontal line7 mm from the most distal part of
the calcaneus (divided into 40 %:60 % ratio), the other point is the
bisecting point of a horizontal line 30 mm from the most distal part
of the calcaneus
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performed using the software packages R version 3.4.3
(http://www.R-project.org, The R Foundation) and Em-
power States (http://www.empowerstates.com, X & Y
Solutions, Inc., Boston, MA). P values less than 0.05
(two-sided) were considered statistically significant. The
required sample size was determined by a power calcula-
tion using PASS 15.0. The calculation was conducted
based on the Pearson correlation, r = − 0.347, which was
reported by Norton et al [10] and includes the following
assumption: alpha of 0.05 (two-tailed) and power of 0.9
revealing a minimum of 83 patients required to detect a
difference in correlation between HKA angle and hind-
foot alignment changes in varus knee after TKA.
An intra- and inter-observer variability assessment was

conducted to validate the methodology regarding the
radiographic measurements by using intraclass correl-
ation coefficients. Totally 20 (18.5 %) subjects were se-
lected from the overall study cohort (n = 108) for
remeasurement. The intra- and inter-observer coeffi-
cients for HKA angle and HFA were 0.918 and 0.915,
and 0.986 and 0.935, respectively.

Results
Demographics, description of study population
Among the 108 patients, there were 89 females and
19 males. The mean age of the participants at the
time of TKA was 66.31 ± 5.55 years (range 56–79
years). The mean BMI was 27.88 ± 3.65 (range 20.21–
40.01). The mean changes in HKA angle and hindfoot
alignment were 6.77 ± 5.15° and − 2.16 ± 2.70°,
respectively.

The HKA angle and hindfoot alignment changed
significantly after TKA with varus knee
HKA angle was significantly improved from − 9.15° ±
5.54 to -2.37° ± 3.05 by three months post-operation
(p < 0.001). Interestingly, the hindfoot alignment was sig-
nificantly adjusted from 2.67°± 3.97 to 0.52°± 3.96 (p <
0.001). Moreover, TKA showed a significant positive ef-
fect on the AOFAS score from 76.50 ± 10.89 before the
operation to 90.40 ± 6.05 post-operation (p < 0.001)
(Table 1).

The change in hindfoot alignment was correlated with
the change in HKA angle after TKA with varus knee
A univariate linear regression analysis revealed that the
change in HFA was significantly correlated with change
in HKA (P = 0.006). However, the correlation was very
weak (r= -0.262). It indicated that the correction of
HKA angle from varus to neutral by operation led to
subsequent compensation of the hindfoot alignment by
adjusting from valgus to neutral, with every degree chan-
ged in HKA angle followed by -0.14° adjustment in the
hindfoot alignment (β= -0.14, 95 % CI: -0.23 to -0.04)
(Table 2).

Age showed a distinct impact on the correlation of
changes in HKA and HFA after TKA with varus knee
To determine the potential factors that affect the correl-
ation between the change in HKA and change in HFA, a
further stratified analysis and interaction tests were per-
formed by age (< 65, ≥ 65 years), gender (female, male),
BMI (< 25, ≥ 25 kg/m2), preoperative HKA (≤-100,
>-100) and preoperative HFA (≤ 00, >00). The results in-
dicated that age has a distinct impact on the correlation
between the change in HKA and change in HFA (P for
interaction = 0.001). Besides, the correlation was dramat-
ically higher in the group under 65 years (r= -0.474),
with every degree changed in HKA angle followed by
-0.26° adjustment in the hindfoot alignment (β= -0.26,
95 % CI: -0.41 to -0.12, P = 0.001). In those patients
above 65 years old, there was no clear correlation be-
tween the change in HKA and change in HFA (r=-0.036,
β=-0.02, 95 % CI: -0.14 to 0.11, P = 0.779) (Table 3). The
smooth curve also showed that the distinct correlation
between the changes in HKA and hindfoot alignment
was only observed in the patients younger than 65 years
old (Fig. 4). The stratified analysis showed no significant
impacts of sex, BMI, preoperative HKA, and preopera-
tive HFA on the correlation of changes in HKA and
hindfoot alignment (P for interaction > 0.05) (Table 3).

Discussion
The most important finding of the current study was
that hindfoot alignment tend to adjust with improved
AOFAS ankle hindfoot score after the correction of
HKA, as a result of a residual compensatory capacity in
the hindfoot. However, the compensatory capacity obvi-
ously weakens in elderly patients.

Table 1 Pre- and post-operative HKA angle, hindfoot alignment
and AOFAS score

Variables Pre-operative Post-operative P-value

HKA -9.15 ± 5.54 -2.37 ± 3.05 <0.001*

HFA 2.67 ± 3.97 0.52 ± 3.96 <0.001*

AOFAS 76.50± 10.89 90.40± 6.05 <0.001*

Abbreviations: HKA Hip-Knee-Ankle, HFA hindfoot alignment, AOFAS The
American Orthopaedic Foot & Ankle Society
*indicates statistical significance at P <0.05

Table 2 Global correlation between CHKA and CHFA

Variables r P-value β(95%CI) P-value

CHFA-CHKA -0.262 0.006* -0.14 (-0.23, -0.04) 0.006*

Abbreviations: CHKA change in Hip-Knee-Ankle angle, CHFA change in
hindfoot alignment
*indicates statistical significance at P <0.05
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There is no consensus yet about the appropriate hind-
foot alignment after TKA. Since the HKA angle repre-
senting the mechanical alignment that runs from the
femoral head center to ankle center is expected to be ad-
justed toward neutral after TKA. And the weight-

bearing axis of the lower extremity that goes from pelvis
to the ground including the hindfoot also determines
the improvement of the clinical symptoms and long-
term survival of the implant. It is expected that the hind-
foot alignment would adjust towards 0°, as a result of a

Table 3 Association between CHKA and CHFA according to baseline characteristics

Characteristic n r β(95%CI) P-value P for interaction

Age(year) 0.010*

<65 46(42.59%) -0.474 -0.26 (-0.41, -0.12) 0.001

≥65 62(57.41%) -0.036 -0.02 (-0.14, 0.11) 0.779

Sex 0.753

female 89(82.41%) -0.247 -0.13 (-0.24, -0.02) 0.020

male 19(17.59%) -0.316 -0.19 (-0.46, 0.08) 0.187

BMI (kg/m2) 0.101

<25 24(22.22%) -0.05 -0.02 (-0.17, 0.14) 0.824

≥25 84(77.78%) -0.32 -0.19 (-0.31, -0.07) 0.002

HKAB (0) 0.237

≤ -10 40(37.04%) -0.308 -0.15(-0.30, -0.00) 0.054

> -10 68(62.96%) 0.001 0.00 (-0.21, 0.21) 0.992

HFAB (0) 0.527

≤0 26(24.07%) -0.054 -0.11 (-0.28, 0.06) 0.205

>0 82(75.93%) -0.298 -0.18(-0.28, -0.07) 0.003

Abbreviations: CHKA change in Hip-Knee-Ankle angle, CHFA change in hindfoot alignment, BMI body mass index, HKAB preoperative Hip-Knee-Ankle angle, HFAB
preoperative hindfoot alignment
*indicates statistical significance at P <0.05

Fig. 4 Age affected the association between the change in HKA (CHKA) and change in HFA (CHFA). The smooth curves indicated a correlation
between the CHKA and CHFA in the group under 65 years. However, no correlation was detected in the group older than 65
years. Abbreviations: CHKA, change in Hip-Knee-Ankle angle; CHFA, change in hindfoot alignment.
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residual compensatory capacity in the hindfoot and thus
to achieve a neutral mechanical alignment of the whole
lower extremity. Norton et al [10] reported that when
the HKA angle becomes varus, the hindfoot tend to shift
toward valgus subsequently. Hara et al [19] divided 100
patients with varus osteoarthritis knee into two groups
before operation according to the hindfoot alignment
deformities (varus or valgus). They found that the hind-
foot alignment improved significantly after TKA in the
hindfoot valgus group, but not in the varus group. The
current study indicated similar findings as well. Firstly,
our results showed that most of the patients with osteo-
arthritis varus knees accompanied with valgus hindfoot
(75.93 %). Furthermore, compensative change was also
found to occur in hindfoot with significant adjustment
in the hindfoot alignment from 2.67°± 3.97 to 0.52°±
3.96 (p < 0.001) by three months after TKA. This finding
is quite important since the hindfoot alignment is not
included for the traditional mechanical axis of the lower
limb. An abnormal hindfoot alignment will negatively
affect the overall weight-bearing axis which goes from
pelvis to the ground, causing secondary clinical com-
plaints and affecting long-term survival of implants, even
though satisfactory neutral mechanical alignment is
achieved by the surgery [12, 20]. Besides the change in
hindfoot alignment, the current study also evaluated the
alterations of clinical symptoms and function in the
ankle hindfoot by AOFAS score. These results indicated
that a significant improvement in AOFAS score was
achieved along with the adjustment of hindfoot align-
ment after TKA (P < 0.001).
Based on above, it is critically important to further in-

vestigate the clear associations between the changes in
HKA angles and hindfoot alignment after TKA. Chand-
ler et al [21] reviewed 100 cases by three months after
TKA. They found that even though the hindfoot align-
ment was adjusted after TKA, the change in hindfoot
alignment did not correlate significantly with the change
in HKA angle. However, Norton et al [10] reported that
there was a moderate negative association between the
HKA angle and the Saltzman hindfoot angle, but this
trend was only limited for patients with severe knee de-
formities (more than 10°). In the current study, a univar-
iate linear regression analysis demonstrated that the
change in hindfoot alignment was weakly associated with
the change in HKA angle after TKA with varus knee
(r=-0.262, β=-0.14, 95 % CI: -0.23 to -0.04, P = 0.006). In
addition, our results also indicated that correlation be-
tween the changes in HKA angle and hindfoot alignment
was higher for those with more severe knee deformities
(more than 10°), however no statistical significance was
detected (p > 0.05).
Since the hindfoot becomes more rigid with ageing,

which may weaken the compensatory capacity in the

elderly patients, our study further investigated whether
age will affect the correlation of the change in hindfoot
alignment and change in HKA angle after TKA. As ex-
pected, a stratified analysis showed that age has a dis-
tinct effect on this association (P for interaction = 0.010).
The change in the hindfoot alignment was moderately
correlated with the change in HKA angle for patients
below 65 years old (r=-0.474, β=-0.26, 95 % CI: -0.41 to
-0.12, P = 0.001). However, for patients over 65 years
old, no correlation between these changes was found
(r=-0.036, β=-0.02, 95 % CI: -0.14 to 0.11, P = 0.779),
which confirmed that the compensative capacity
weakens in elderly patients. As far as we know, this is
the first study that revealed the effect of age on the asso-
ciation between the changes in the hindfoot alignment
and HKA angle after TKA. Therefore, evaluation of
hindfoot alignment and its relationship to the knee de-
formity should be taken into consideration prior to TKA
for patients with varus knee osteoarthritis. For the pa-
tients under 65 years old, additional surgery for correct-
ing the hindfoot alignment may not be recommended,
whilst, for those over 65 years old, more attention for
hindfoot alignment is required. More specifically, if obvi-
ous hindfoot valgus deformity exists in the patient elder
than 65 years, the deformity tends to persist after TKA,
which will then affect the whole lower limb weight-
bearing axis. The abnormal lower limb weight-bearing
axis may lead to secondary clinical complaints and affect
the survival of implants. To avoid this problem, extra
treatments, such as insoles or orthotics are recom-
mended for these patients to obtain a better balance of
the lower limb axis. Moreover, undercorrection could be
considered during TKA in varus osteoarthritis for the
elderly, especially for those with rigid hindfeet in the
physical examination.
Nevertheless, some limitations of the study need to be

addressed. First, the follow-up of three months is a rela-
tively short period, since the hindfoot alignment and the
clinical symptoms can be changed with time. However,
refer to literature, the time point of three months is ad-
equate to draw a definite conclusion in the study for
HKA angle and hindfoot alignment changes after TKA
[9, 11]. Second, the exact mechanism of how hindfoot
alignment change will affect the overall loading axis of
the lower limb is not explored. Third, the criteria of rigid
hindfoot were assessed only through physical examin-
ation by two experienced foot and ankle surgeons.
Whilst, possible bone deformities, especially in the sub-
talar joint, were not adequately evaluated. Moreover, the
AOFAS score may not reflect the alteration of hindfoot
function so accurately since the score including pain and
walking distance items which may be influenced by pain
in the knee. Lastly, it is hard to distinguish the exact
anatomic location of calcaneus from the full-leg length
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standing anteroposterior radiographs in the current
study, for which the measurement of the HKA angle and
hindfoot alignment were performed using two different
tibial axes. In the future work, we would try to locate
the calcaneus by some additional labels during the radio-
graphing of full-leg length standing anteroposterior view.
It would make it possible to provide the same tibial axe
for the measurement of HKA angle and hindfoot
alignment.
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