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ABSTRACT

We compared the relationship between foot alignments and quality of life in patients who underwent
initial total knee arthroplasty (TKA). Among the patients with knee osteoarthritis (KOA) who underwent
TKA from May 2015 to May 2017 at our hospital, we focused on those in whom weight-bearing foot
radiographs had been evaluated preoperatively. The hallux valgus angle and Meary angle were measured
by preoperative radiography, and those with hallux valgus angles of 20 degrees or more were classified
into the hallux valgus (HV) group, and those with Meary angles of 4 degrees or more into the high
arch (HA) group. Also knee and ankle range of motion, knee pain Visual Analog Scale, and the 36-item
short-form health survey (SF-36) were measured preoperatively and at discharge, and the amount of these
changes was compared in the presence/absence of HV and HA. Regarding HV, there were no significant
differences in any of these items between the HV and non-HV groups. However, the SF-physical function
was significantly lower in the HA group than in the normal group. In addition, ankle dorsiflexion was lower
in the HA group than that in the normal group, although this difference was not statistically significant.
There was little improvement of the ankle dorsiflexion, and it was associated with deterioration of the
physical function items of SF-36. In total knee arthroplasty patients with HA, physical therapy of the
ankles and feet, as well as of the knees, was considered to enhance the improvement of physical function.
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This is an Open Access article distributed under the Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International
License. To view the details of this license, please visit (http://creativecommons.org/licenses/by-nc-nd/4.0/).

INTRODUCTION

Foot problems due to malalignment, such as hallux valgus, spread feet, flat feet, high arches,
and lesser toe deformities, are common disorders, which have reached prevalence rates of 61% to
79%." Foot problems may frequently be chronic conditions that first become apparent at primary
care consultations, and can reduce the health-related quality of life (QOL), as well as balance and
gait, and increase the risk of falls.! Knee osteoarthritis (KOA) is also a chronic disease, which,
like foot misalignment, reduces the patient’s QOL. Although total knee arthroplasty (TKA) is
widely undertaken in KOA patients, postoperative pain, limited improvement in physical function,
and poor QOL have been reported even after TKA.?

Of the QOLs, health-related QOL is defined only for items that are derived from an individual’s
health condition for medical evaluation. There are disease-specific scales and comprehensive scales
as evaluation methods for health-related QOL, and as a representative of the latter, the 36-item
short-form health survey (SF-36) questionnaire is the most commonly used tool worldwide.>*
SF-36 is a patient-based outcome and is an evaluation method that includes not only illness but
also various other parameters such as dysfunction, disability, and psychological factors.

Some studies have been published on the relationship between KOA and foot alignment. Rao
et al reported that aberrant foot structure is linked to the development of pain and OA changes
at the knees and hips.> Roddy et al reported an association between the presence or absence
of hallux valgus (HV) and KOAS and that the severity of HV and KOA were significantly cor-
related.” In addition, Tijima et al reported that the presence of bilateral flat feet was significantly
associated with worse knee pain, ® and Levinger et al reported that varus KOA was associated
with the pronated foot type.” On the other hand, there are few reports on the relationship between
abnormal foot alignment and QOL evaluation. There are reports on the relationship based on the
Western Ontario and McMaster Universities Osteoarthritis Index!® score for patients with KOA,
" but not patients undergoing TKA. In the present study we compared the association between
foot alignments and SF-36 in patients undergoing initial TKA.

PATIENTS AND METHODS

Farticipants

A retrospective case study was conducted on patients with KOA who underwent initial TKA
between May 2015 and May 2017 at our hospital. The analysis was performed using the evalu-
ation data of the rehabilitation department of this hospital. We excluded patients with a history
of artificial joint replacement in the lower limb joints, those for whom weight-bearing foot
radiography was not performed preoperatively, and those being treated for rheumatoid arthritis.
This case-control study was approved by the Ethics Committee of Nagoya University Hospital.

Surgical procedure and rehabilitation program

All patients underwent the same surgical procedure. All implants used were Triathlon® Knee
System (Stryker corp NJ, USA). The anesthesia method was general anesthesia with nerve block
or epidural block.
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Physical therapy was performed the day before surgery and preoperative evaluation was
performed. Physical therapy resumed the day after surgery, and continued every day, except
Sunday. The intervention time was 20 to 40 minutes per day, and several physiotherapists from
the orthopedic team provided intervention for each patient. Full load was allowed from the day
after surgery, and range of motion (ROM) training, muscle strengthening training, basic movement
training, and walking training were carried out step by step. The final evaluation was performed
at the time of the final physical therapy before discharge, and this was used as the evaluation
at discharge.

Assessments

Demographic data including age, sex and rehabilitation period were measured. The femoro-
tibial angle (FTA) was measured using an antero-posterior radiograph of the full-length lower
extremity taken within 6 months before the operation. The severity of KOA was assessed using
the Kellgren-Lawrence (K-L) classification'? on radiographs of the knee. Also the HV angle on
the side ipsilateral to the limb undergoing TKA was measured on weight-bearing antero-posterior
radiographs of the foot, and the talar-first metatarsal angle (Meary angle)'> was measured on
weight-bearing lateral radiographs of the foot taken within 6 months before the operation (Figure
1)."* From the X-ray measurement results, those with HV angles of 20 degrees or more were
assigned to the HV group, and those with less than 20 degrees to the no HV group, Meary
angles of 5 degrees or more to the high arch (HA) group, and those of 4 to —4 degrees to the
normal arch (NA) group.'>!® However, since there were no cases with a Mary angle of less than
—4 degrees, we did not include the flatfoot group in the classification of this study.

Preoperative and discharge evaluations of the ROM of knee (flexion and extension) and ankle
(dorsiflexion and plantar flexion) were performed using a goniometer, and the Visual Analog
Scale (VAS) of knee pain and SF-36 were also evaluated at the same time. SF-36 consists of

Fig. 1 The HV angle and Meary angle
The hallux valgus (HV) and Meary angles created by two white lines in each figure.
Fig. 1A: The HV angle was measured as the angle between the first proximal phalanx and first metatarsal axis.
Fig. 1B: Meary angle was measured as an angle between the first metatarsal and talar axes.
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eight categories, including four categories relating to physical status (physical function [PF],
role functioning physical [RP], bodily pain [BP], and general health perception [GH]) and
four categories relating to mental status (vitality [VT], social functioning [SF], role functioning
emotional [RE], and mental health [MH]).> The score for each category ranges from 0 to 100,
with lower scores indicating poorer health or greater disability.’ In this research, the Japanese
version of the SF-36v2 Health Survey questionnaire'”'® was used, and the scores for each item
(SF-PF, RP, BP, GH, VT, SF, RE, MH) were also calculated.

The amounts of change in the knee ROM, the ankle ROM, knee pain VAS, and SF-36 from
preoperative to discharge were compared in each foot alignment group.

Statistical analyses

K-L classification in each foot alignment group was assessed using the Mann-Whitney U test.
Age, duration of the rehabilitation intervention, FTA, and the amount of change in each item in
each foot alignment group were compared between the HV and no HV groups, and the HA and
NA groups, using the non-paired z-test. All statistical analyses were performed using StatView-J
5.0. A value of P < 0.05 was considered statistically significant.

RESULTS

This study included a total of 17 cases, 3 males and 14 females, and the average rehabilita-
tion intervention period was 24.8 days. The K-L classification was grade 4 in 13 cases, and the
average FTA was 185.4 degrees. The baseline characteristics of the patients are summarized in
Table 1. There were 4 cases in HV group, and 6 in HA group (Figure 2). There were no cases
of flat feet or overlapping cases of HV and HA. In addition, there were no significant differences
in knee pain VAS, knee ROM, ankle ROM, or SF-36 between any foot alignment group before
surgery (Table 2). There were no significant differences either in age, K-L classification, or the
duration of the rehabilitation period. However, FTA was significantly lower in the HA group
than in the NA group (p=0.0159; Figure 3).

In the comparison of the amount of change of each item of each foot alignment and knee
pain VAS, no significant differences between the HV and no HV groups or between the HA
and NA groups were detected (Figure 4). In the knee ROM, there was no significant difference
either between the HV and no HV groups or between the HA and NA groups (Figure 5). In
the ankle ROM, the dorsiflexion angle was numerically lower in the HA group than in the NA
group, although the difference was not statistically significant (p=0.0729; Figure 6).

Regarding SF-36, no significant difference was found in any of the items in the comparison
between the HV and no HV group (Figure 7). However, in the comparison between the HA
and NA groups, SF-PF was significantly higher in the NA group (p=0.0224), while SF-RP was
numerically lower in the HA group but this was not statistically significant (p=0.0907; Figure 8).
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Table 1 Baseline characteristics

Mean Range Distribution no.
(min-max) (%)
Age (year) 66.3 61-84
Sex (female) 14 (82.4)
Kellgren-Lawrence classification
1 0
2 1 (5.9
3 3 (17.6)
4 13 (76.5)
FTA 185.4 170-197
Rehabilitation period (day) 24.8 16-35
FTA: femoro-tibial angle
9 degrees
8
7 °
(o] 6 ¢
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55 -
£
=
3 L] >
2 L] L] L]
1 L] L]
0
0 10 20 30 40
HYV angle degrees

Fig. 2 Relationship between the hallux valgus (HV) and Meary angles
Patients with hallux valgus (HV) angles of 20 degrees or more were classified into the HV group and those with
HV angles less than 20 degrees into the no HV group. Patients with Meary angles of 4 degrees or more were
classified into the high arch (HA) group, and those with Meary angles of 4 to —4 degrees were classified into
the normal arch (NA) group. The dotted lines indicate an HV angle of 20° and a Meary angle of 4°.
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Table 2 The average values of knee pain VAS, knee ROM, ankle ROM, and SF-36
in each foot alignment group before surgery
HV(n=4) no HV(n=13) HA(n=6) NA(n=11)

preOP AOC preOP AOC preOP AOC preOP AOC
(SD) (SD) (SD) (SD) (SD) (SD) (SD) (SD)

33.3 5.1 415  -13.7 388 137 400  -107
(G47) (46) (187  (308) (17.2)  (165) (255  (34.6)

118.8 -31.2 113.1 -25.0 106.7 -19.2 118.6 -30.5

Knee pain VAS

Flexion (A11)  (144)  (203) (1900 (207 (160) (164)  (18.2)
Exension 125 88  -100 50 67 42 _127 68
X 87 85 (1) (61 (68 (38 (68 (18
Dorsifiexion 10.0 13 100 23 9.2 58 104 0.9
@l @25 94 (83)  (124)  80) 57 (63)

Plantar fleion 40.0 0 462 23 433 33 455 0.9
108) (1.1) (85  B1) (15 (15 101  (8.0)

SEPE 375 5.0 446 41 450 75 418 107
(132) (1) (228 (185 (239) (52) (2000 (169

SF.RP 208 281 548 43 552 -104 455 210
- (352)  (458) (332) (334) (408) (368) (31.9) (329
SE-BP 3123 28 394 28 365 20 380  -32
265) (98) (185) (138) (186) (197 (L7 (19

SE-GH 473 128 589 42 56.0 3.7 56.3 74
232)  (19.6) (155 (167 (162) (143) (19.0)  (19.3)

SEVT 46.9 47 635 96 604  -104 591  -40
Q42)  (241)  (108) (2200 (94  (196) (188) (247

SE.SE 438 250 721 29 583 105 693 0
G6.1)  (339) (246) (280) (282) (29.0) (303)  (32.6)

SERE 313 292 583 44 583 43 485 182
219) (479 (379) (40.1) (428) (330) (337) (455

MU 575  -13 684 81 625  -58 617 68

(24.7) (24.6) (16.3) (21.6) (15.7) (15.7) (20.0) (25.3)

There were no significant differences in any of the parameters between the foot alignment groups
before surgery.

AOC: amount of change

HV: hallux valgus

SD: standard deviation

HA: high arch

NA: normal arch

preOP: pre-operation

VAS: Visual Analog Scale

SF-36: 36-item short-form health survey
PF: physical function

RP: role functioning physical

BP: bodily pain

GH: general health perception

VT: vitality

SF: social functioning

RE role functioning

MH: mental health
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Fig. 3 Femoro-tibial angle (FTA) before surgery
FTA was significantly lower in the high arch (HA) group than in the normal arch (NA) group (lower graph).
Each vertical bar indicates a standard deviation.
*p=0.0159 (the non-paired #-test).

HV: hallux valgus
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-30

=35

40

HV no HV
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30
35
-40
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Fig. 4 Knee pain: visual analogue scale (pain VAS) changes from pre- to post-operation
There was no significant difference between the hallux valgus (HV) and no HV groups and between the high
arch (HA) and normal arch (NA) groups. Each vertical bar indicates a standard deviation.
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degrees knee flexion degrees knee extension
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-40 4
45 2
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Fig. 5 Changes in range of motion (ROM) of knee joint from pre- to post-operation
There was no significant difference between the hallux valgus (HV) and no HV groups, or between the high
arch (HA) and normal arch (NA) groups. Each vertical bar indicates a standard deviation.

degrees ankle dorsiflexion degrees  ankle plantar flexion

10 12

5 10

; ¢

0 1

ROM ROM 6
-5

4

-10 5

-15 0

HV no HV HV no HV
degrees ankle dorsiflexion degrees  ankle plantar flexion

10 12

5 10

T 8
0

ROM ROM 6
-5

4
-10

2

-15 0

HA NA HA NA

Fig. 6 Changes in range of motion (ROM) of ankle joint from pre- to post-operation
There was no significant difference between the hallux valgus (HV) and no HV groups, or between the high
arch (HA) and normal arch (NA) groups. Each vertical bar indicates a standard deviation.
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Fig. 7 Comparisons of score changes of SF-36 from pre- to post-operation
between the hallux valgus (HV) and the no-HV groups
There was no significant difference. Each vertical bar indicates a standard deviation.
SF-36: the 36-item short-form health survey BP: bodily pain SF: social functioning
PF: physical function GH: general health perception RE: role functioning emotional
RP: role functioning physical VT: vitality MH: mental health
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HA NA HA NA HA NA HA NA HA NA HA NA HA NA HA NA
SF-PF | SF-RP | SF-BP | SF-GH | SF-VT | SF-SF | SF-RE SF-MH

Fig. 8 Comparisons of score changes of SF-36 from pre- to post-operation
between the high arch (HA) and normal arch (NA) groups
SF-PF was significantly higher in the normal arch (NA) group than in the high arch (HA) group. Each vertical
bar indicates a standard deviation.
*p=0.0224 (the non-paired z-test ).

SF-36: the 36-item short-form health survey = BP: bodily pain SF: social functioning
PF: physical function GH: general health perception  RE: role functioning emotional
RP: role functioning physical VT: vitality MH: mental health
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DISCUSSION

A previous study showed that HV and flat feet are examples of foot misalignments associated
with KOA patients.*” In this study, HV and HA were observed. Bi O Jeong et al described that
following the correction of varus deformity of the knee by TKA, significant compensatory reac-
tions occurred in the ankle and the subtalar joints.!” However, there were no reports of changes
in foot alignment, and none of them reported the effects of foot alignment on postoperative
physical function and QOL. In this study, there was no significant difference in any item regard-
ing the presence/absence of HV. In contrast, in the HA group, the improvement in SF-PF scores
was significantly poor. Moreover, in the HA group, the improvement in ankle dorsiflexion was
numerically lower, although this did not reach statistical significance, which may have affected
the decrease in the SF-PF.

There were no significant differences in age, K-L classification, or rehabilitation period between
any foot alignments, but preoperative FTA was significantly lower in the HA group. In this
group, surgery may have been selected before the knee varus worsened. Factors that determine
receiving TKA include KOA severity, degree of knee pain, limited knee ROM, and decreased
ADL and QOL. There was no significant difference between any of the foot alignment groups
in preoperative K-L classification or knee pain VAS. Further, we could not find any significant
difference in QOL due to any foot alignment in any items of SF-36. There was no significant
difference in the knee ROM, but flexion in the HA group (107 degrees) was more restrictive
than that in the NA group (119 degrees). We did not investigate ADL disorders, but difficulty in
standing up due to flexion restriction has been reported as an ADL disorder in KOA patients.
Therefore, early restriction of knee flexion in KOA patients with HA causes ADL disorders, and
TKA may be selected before knee varus deformity progresses.

HA can be caused by neuromuscular diseases such as Charcot-Marie-Tooth disease and
hereditary factors, but it often occurs as a result of various functional deteriorations in the foot
and ankle joints.?! Factors involved in the HA are considered to be (1) the effect of the kinematic
chain that causes the inversion movement of the foot due to the external rotation of the lower
leg, and (2) decreased extensibility of the triceps surae muscle and excessive traction.

Regarding the former factor, Hamai et al demonstrated that knees in KOA are always in
external tibial rotation compared to healthy knees.?” Farrokhi et al analyzed knee kinematics during
downhill walking with two-way X-ray fluoroscopic images, and reported that the varus KOA
was always in the external rotation of the lower leg, and the mobility of the internal rotation
was smaller than that of a healthy knee.”® Due to KOA the ROM of the internal rotation of
the lower leg was limited, and when the external rotation of the lower leg is performed for a
long period of time, the subtalar joint is in the supination position due to the movement chain,
which promotes the inversion movement of the foot and may cause HA. There is no report on
the correlation between HA and the severity of KOA, but Nakao et al reported that in an HA
group, intrinsic muscle strength and the 2-step test were significantly decreased compared to low
arch and NA, which affected the decrease in mobility function.* Therefore the presence of HA
may be implicated in diminished physical function. However, the research period of this study is
short, and it is unclear how the foot alignment changes after TKA. We believe that longer-term
follow-up evaluation will be necessary for future research.

Regarding the latter factor, plantar fascia is partly continuous with the triceps surae muscle and
tendon tissue, and tension increases due to decreased extensibility of the triceps surae muscle.”
In this way shortening of the triceps surae promotes elevation of the medial longitudinal arch.*
Also triceps surae tightness is a cause of ankle dorsiflexion disorders,” and when dorsiflexion
limitation of the ankle joint is recognized, the peroneus longus muscle works more predominantly
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than the tibialis anterior muscle, and the first metatarsal bone is pulled strongly in the plantar
flexion direction, so that the medial longitudinal arch tends to rise.?® In KOA, the knee flexion
and extension, and ankle dorsiflexion are reduced compared to healthy knees?* and gastrocnemius
contracture has been reported to be the cause of flexion contracture of the hip and knee joints.*
Therefore in TKA patients with preoperative knee flexion contracture, the gastrocnemius muscle
tightness may limit the ankle dorsiflexion and promote HA. However, in this study, although
preoperative knee flexion restriction was particularly marked in the HA group, no significant
difference was observed, and further investigation to address this issue will be necessary in the
future.

On the other hand, regarding HV, Nishimura et al reported that moderate to severe HV
was associated with decreased physical function such as decreased grip strength and decreased
maximum walking speed, but was not related to the presence of KOA.*' The development of
HV involves intrinsic muscles such as the flexor hallucis brevis, abductor hallucis brevis, and
abductor hallucis valgus stiffness and lateral deviation of the plantar fascia,® and it is considered
that dysfunction and deterioration of QOL due to HV are not directly related to KOA because
the gastrocnemius is not involved. In this study as well, there were no significant differences in
the knee and ankle ROM, knee pain VAS, or SF-36 according to the presence/absence of HV.

Thus, for patients with HA who underwent TKA, the preoperative knee flexion limitation
and impaired ADL may be prominent, and the postoperative recovery and QOL in terms of
physical function may be poor. Therefore physical therapy from the lower leg to the ankle joint
and foot in addition to the knee joint, such as internal rotation of the lower leg, stretching of
the triceps surae muscle, ROM training of the ankle joint, mobilization of the foot, and muscle
strength training of the toe flexor muscle may be effective in improving physical function and
QOL at discharge.

This study has some limitations. First, the number of cases was small, and we did not find
any cases with flat feet in this study, but the distribution of foot misalignment might change.
Second, this was a short-term evaluation during hospitalization at our hospital, and the long-term
results were not explored. In this study, 15 of 17 patients were discharged to their homes, and
the SF-36 score might change within six months or one year of discharge. Third, postoperative
foot alignment could not be evaluated. This study evaluated the foot radiographs before surgery,
and TKA might change the foot alignment after surgery. Finally, few physical therapy was given
to the ankle or foot. Physical therapy for the ankle and foot might have improved the SF-36
scores at discharge.

CONCLUSION

Postoperative SF-PF was significantly reduced in patients with initial TKA who presented with
HA. Physical therapy from the lower leg to the ankle joint and foot should also be considered
when performing TKA in patients with HA.
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