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Objective To assess the effectiveness of our devised hybrid physiotherapy regime using an anti-gravity treadmill and a
low-frequency electrical stimulation device, as measured in patients with hip osteoarthritis after total hip arthroplasty
(THA).

Methods The outcomes of the postoperative rehabilitation in 44 patients who underwent THA for hip osteoarthritis
were retrospectively examined. The conventional group (n=22) underwent the postoperative rehabilitation according
to our protocol, while the hybrid group (n=22) underwent the same training, along with training on an anti-gravity
treadmill and training using a low-frequency therapeutic device. The outcome measures were recorded and reviewed
with the Numerical Rating Scale for pain, which rates pain on an 11-point scale from 0 to 10, surgical side knee joint
extension force, 10-m walking test, Timed Up and Go test, and the 6-minute walking distance (6MD). The outcome
measurement was taken 2 weeks after conducting pre-operation and antigravity treadmill training and electrical muscle
stimulation, and compared the respective results.

Results At the timeframe of 2 weeks from the surgery after conducting a devised hybrid physiotherapy, the values of
knee extension muscle strength and 6MD were not worse in the hybrid group than conventional group. In the evaluation
at 2 weeks after surgery, the knee extension muscle strength and 6MD values significantly decreased compared with the
preoperative values only in the conventional group.

Conclusion Lower limb muscular strength and endurance were maintained in the hybrid group, which suggested that
hybrid physiotherapy could maintain physical functions early after THA operation.
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Effects of Postoperative Hybrid Physiotherapy After Total Hip Arthroplasty

INTRODUCTION

To begin with, the numbers of patients with lower ex-
tremity osteoarthritis is increasing year by year. In this
sense, it is known that lower limb osteoarthritis causes
a decline in motor function and balance function in
the patient affected with this condition, which can be
responsible to leading to a variety of problems such as
depression, metabolic syndrome, and flail due to a de-
crease in activities of daily living and quality of life [1,2].
These are major social problems and causes of increased
medical and nursing care expenses in Japan, due to the
requirement of long-term care for patients experiencing
this condition [3]. Therefore, when the patient notes that
the individual’s osteoarthritis gets worse, a total joint
replacement surgery is often recommended at that time
[4,5]. However, even in the case of total joint replacement
surgery, postoperative rehabilitation does not proceed
smoothly in patients who have decreased mental and
physical activity, which may result in a poor surgical out-
come [6]. Therefore, for patients with lower extremity os-
teoarthritis, the necessity of maintaining and improving
mental and physical functions before and after surgery
has been advocated as a beneficial outcome for the pa-
tient [7,8].

Anti-gravity treadmills can be used for training with a
reduced load on the lower limbs and cardiopulmonary
system by floating the body in a pneumatic chamber.
Indeed, the study of Patil et al. [9] reported that the force
applied to the knee on the anti-gravity treadmill de-
creased in patients after a total knee replacement surgery
according to the amount of the noted lower extremity re-
lief. Therefore, on an anti-gravity treadmill, walking and
endurance training can be performed without exacerba-
tion of pain by adjusting the load on the operated limb, as
is the case even in patients early after joint replacement
surgery [10,11]. The greatest feature of the anti-gravity
treadmill is the breadth of adaptation even for those who
have difficulty using an ordinary treadmill, and effects
such as increased endurance, muscle strength, and am-
bulation ability are expected as a result using this method
of rehabilitation [12,13]. The anti-gravity treadmill has
fewer facility management problems than the use of
pools, and it can be applied to various rehabilitation and
training programs because nearly natural walking and
running can be performed with a stable partial load. In-

deed, Hambly et al. [14] conducted rehabilitation with an
anti-gravity treadmill on postoperative patients with knee
osteochondral defect, and reported that the knee func-
tion and self-efficacy improved with this therapy. In ad-
dition, Eastlack et al. [15] used an anti-gravity treadmill
for patients early after anterior cruciate ligament (ACL)
reconstruction and reported that pain was relieved and
safety rehabilitation was achieved. On the anti-gravity
treadmill, exercise intensity decreases due to a decrease
in the load on the lower limbs, but it is possible to com-
pensate for the decline in exercise intensity by increasing
the walking speed [16,17]. Currently, Henkelmann et al.
[18] is noted as having been performing an RCT using an
anti-gravity treadmill in postoperative cases after fracture
of the lower limbs, and it is expected that high-quality
evidence will be obtained from the continued study of
various diseases in the future.

In addition, in belt electrode-type skeletal muscle elec-
trical stimulation (B-SES), especially AUTO TENS PRO
(Homer Ion Corp., Tokyo, Japan), all of the belts are elec-
trodes. As has been seen, with B-SES, muscle training can
be done on a bed without leg joint motion. Therefore, it
is determined that it is possible to safely carry out train-
ing on a bed even in cases where conventional rehabilita-
tion is considered to be difficult, such as cases involving
wound pain and restriction of range of motion in the
early stages after ACL reconstruction, or in the associated
case of a lower extremity total joint replacement surgery.
Indeed, Hasegawa et al. [19] reported that 4 weeks of B-
SES training as early rehabilitation prevented muscle
atrophy and muscle weakness after ACL reconstruction.
In addition, Miyamoto et al. [20] reported that lower
limb muscular strength increased with B-SES training
in healthy subjects, and they also reported that endur-
ance was improved by muscle stimulation in B-SES.
Furthermore, Gremeaux et al. [21] reported that a low-
frequency electric stimulation method performed on the
quadriceps and triceps triusis muscles of patients after
total hip arthroplasty (THA) for 5 weeks, was known to
have resulted in a greater improvement in knee extension
muscle strength than with the use of conventional physi-
cal therapy. Thus, in recent years, the effects of B-SES on
improving muscle strength and endurance have been
clarified [22,23].

In this way, new physical therapy equipment has re-
cently been developed and incorporated into postopera-
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tive rehabilitation for the benefit of patient outcomes.
Therefore, we have devised and conducted a painless hy-
brid physiotherapy combining an anti-gravity treadmill
and B-SES as an early rehabilitation program for patients
after lower extremity total joint replacement surgery;
however, the effects of this hybrid physiotherapy have not
yet been clarified to date. In the present study, we aimed
to verify the effects of hybrid physiotherapy combining
an anti-gravity treadmill and B-SES on patients early after
THA, as a lower limb total joint replacement for lower
limb osteoarthritis retrospectively.

MATERIALS AND METHODS

Patients

This study was designed as a retrospective study. We
retrospectively examined the methods and the outcomes
of the postoperative rehabilitation, in the cases in which
THA was performed for hip osteoarthritis in Hiroshima
University Hospital from January 2017 to May 2018. In
this case, the patients were assigned either to the con-
ventional physical therapy group (‘conventional group’)
or the hybrid physiotherapy group (‘hybrid group’). The
exclusion criteria included (1) cases who walking was dif-
ficult due to comorbidities before and after THA surgery,
(2) cases where the patient could not speak Japanese, (3)
cases where the patient consent form was not obtained
due to psychiatric symptoms such as dementia, and (4)
cases where the preoperative or postoperative evaluation
could not be performed.

During the study period, there were 59 patients who
underwent THA due to a diagnosis of hip osteoarthritis
in these patients. Of these, 15 cases were excluded for the
exclusion criteria (5 cases had difficulty walking before
and after surgery due to comorbidities, 1 case could not
speak Japanese, 2 cases did not provide consent to partic-
ipate in the study, and 7 cases did not have preoperative
or postoperative evaluation). In the leaving of 44 patients
for analysis, there were 22 patients who underwent the
conventional physical therapy (conventional group), and
the other 22 patients underwent the hybrid physiothera-
py (hybrid group). All subjects have undergone rehabili-
tation treatment for 2 weeks, and have received a post-
operative evaluation. The demographic characteristics
of the patients in both groups are shown in Table 1. It is
noted that there were no differences were found between
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Table 1. Demographic characteristics of patients in the
conventional and hybrid group

Conventional Hybrid group

group (n=22) (n=22)
Age (yr) 67.4+10.5 64.4+11.2
Gender
Male 6 7
Female 16 15
Body mass index (kg/m®)  24.1+3.5 25.4+4.3
Days from first visit to 259.9+249.6  249.7+241.1
operation (day)
Side of operation
Right 9 10
Left 13 12
Length of hospital stay 19.4+4.5 17.8+5.1
(day)
Home return rate (%) 68.1 86.4

Values are presented as meantstandard deviation.

the groups in age, sex, body mass index, number of days
from first visit to operation, and side of operation.

Rehabilitation

Fig. 1 shows the conventional THA postoperative reha-
bilitation protocol that was adopted in our hospital. From
the first day after surgery, rehabilitation was started by
a physiotherapist specializing in hip joint diseases, and
rehabilitation was given every day during hospitalization.
It is noted that from 1 day after surgery, hip range of mo-
tion exercises, muscle strength training on the operated
side and walking exercises with the use of a walker were
started with the patient. The T-cane walking exercise was
permitted from the 7th postoperative day; however, only
the hip joint rotation and bridging were prohibited dur-
ing hospitalization. To begin with, during hospitalization,
rehabilitation for about 30-40 minutes was conducted
every day in the conventional group, consisting mainly
of range of motion exercises in the lower limb joints,
muscle strength training using weights and walking exer-
cises according to the THA postoperative rehabilitation
protocol. In the hybrid group, the same training as the
conventional group was carried out for about 20 minutes,
and training on an anti-gravity treadmill and B-SES train-
ing were added every day during hospitalization. It is
noted that on anti-gravity treadmills, especially the Alter-
G (Alter-G Corp., Fremont, CA, USA), the load on the
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lower extremities can be reduced from 100% to as low as
20% in precise 1% increments. Also, since the patient is
fixed to the treadmill with dedicated shorts, there is little
danger of falling down during the process to increase
safety during the testing (Fig. 2A). The load of the anti-
gravity treadmill was set to such a degree that pain did

_ Day 1-day 6 | Day 7-day 13|Day 14-day 21
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internal rotation
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with T-cane
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Fig. 1. Conventional postoperative rehabilitation protocol
for total hip arthroplasty operation in Hiroshima Univer-
sity Hospital. From one day after surgery, it is permitted
for the patient to begin a range-of-motion exercise, mus-
cle strength training on the operated side, and walking
exercise with a walker. During this timeframe, a T-cane
walking exercise is permitted from the 7th postoperative
day. It is noted that only hip joint rotation and bridging
are prohibited postoperatively during the hospitalization.

not occur at the time of loading. In addition, the walking
speed started from a comfortable pace and gradually in-
creased in effort to a faster pace. The maximum walking
speed was adjusted to reach a target heart rate calculated
by Karvonen method (k=0.5) [24]. The walking time was
set to 10 minutes a day. To begin with, the B-SES is a
new, low frequency, electrical stimulation device that al-
lows electricity to flow through the entire lower limb as
a tube state, and all the muscles of the lower limbs can
be moved by wrapping the belt around the legs (Fig. 2B).
The stimulation condition by B-SES was performed for
10 minutes a day at a frequency of 20 Hz, a pulse width of
250 ps, a duty cycle of 5 seconds stimulation plus 2 sec-
onds pause, in accordance with Hasegawa et al. [19].

Outcome measures

In this study, the Numerical Rating Scale (NRS) for
pain which rates pain on an 11-point scale from 0 to 10,
surgical side knee joint extension force, 10-m walking
test, Timed Up and Go test (TUG), and 6-minute walking
distance (6MD) were measured. For measurements, the
use of a cane was permitted, and pTas F1 (ANIMA Corp.,
Tokyo, Japan) was used for muscle strength measurement
on the operated side of the knee joint.

Length of hospital stay and home return rate

The length of hospital stay and the home return rate
were 19.4%4.5 days and 68.1% in the conventional group
and 17.8+5.1 days and 86.4% in the hybrid group, respec-

Fig. 2. New physical therapy equipment. (A) Anti-gravity treadmill. On the anti-gravity treadmill, especially Alter-
G (Alter-G Corp., Fremont, CA, USA), the load on the lower extremities can be adjusted every 1% within the range
of 20%-100%. (B) Belt electrode type skeletal muscle electrical stimulation (B-SES). In AUTO TENS PRO (Homer Ion
Corp., Tokyo, Japan), all the belts are electrodes. It is known as a new electrical stimulation device that allows electric-
ity to flow through the entire lower limb in a tube state, and moves all of the muscles of the lower limbs by wrapping

the belt around the legs.
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tively (Table 1). In fact, there was no significant difference
between the two groups in the length of hospital stay or
the home return rate. However, the home return rate was
slightly higher in the hybrid group than in the conven-
tional group, although the difference was not considered
to be significant.

Statistical analysis

In this study, the continuous variables were expressed
as meantstandard deviation. In the comparison of pre-
operative and postoperative variables within the same
group, a paired t-test was performed. In the comparison
between the two groups, an unpaired t-test was used
for continuous variables and a chi-square test was used
for nominal variables (gender and side of operation).
Generally speaking, for statistical processing, statistical
software JMP pro version 13 (SAS Institute Inc., Cary, NC,
USA) was used and p<0.05 was regarded as significant in
all analyses.

This study was approved by the Hiroshima University
Epidemiological Research Ethics Review Committee (No.
1187).

RESULTS

In this study, early postoperative rehabilitation was
performed safely in both the conventional and the hybrid
group. To this end, there were no adverse events associ-
ated with rehabilitation, such as falls or respiratory and
cardiovascular disorders were observed. The results of
the preoperative and postoperative physical functions are
shown in Table 2.

Table 2. Preoperative and postoperative physical functions

Numerical Rating Scale

IN this case, the preoperative NRS was 6.6+2.2 in the
conventional group and 6.3+2.2 in the hybrid group,
and there was no significant difference between the two
groups. Additionally, the postoperative NRS was 2.0+1.6
in the conventional group and 2.5%£1.9 in the hybrid
group, both of which were significantly lower than before
the operation; however, and no significant difference was
observed between the two groups.

10-m walking test

The preoperative 10-m walking test time was 11.5+5.3
seconds in the conventional group and 10.7+4.4 seconds
in the hybrid group, and no significant difference was ob-
served between the two groups. As has been seen, after
surgery, the time in the conventional group was 13.9+6.4
seconds and 12.3%3.9 seconds in the hybrid group. In
other words, there was no significant difference was ob-
served between the two groups, and no significant differ-
ence was observed between preoperative and postopera-
tive times in either group.

Timed Up and Go test

In this respect, the preoperative TUG was 12.9+5.6 sec-
onds in the conventional group and 12.1+5.5 seconds
in the hybrid group, and no significant difference was
observed between the two groups. By all accounts, after
surgery, the time in the conventional group was 15.5+6.1
seconds and 14.4+6.3 seconds in the hybrid group. There-
fore, no significant difference was observed between the
two groups, and no significant difference was observed
between preoperative and postoperative TUG in either
group.

Conventional group Hybrid group
Pre-operation 2 weeks post-operation Pre-operation 2 weeks post-operation
NRS 6.6+2.2 2.0+1.6” 6.3+2.2 2.5+1.9Y
10-m walking test (s) 11.5+5.3 13.9+6.4 10.7+4.4 12.3+3.9
TUG (s) 12.9+5.6 15.5+6.1 12.1+5.5 14.4+6.3
Knee extension strength (kgf) 17.8%3.7 12.8+3.2" 18.1+7.3 16.2+6.8"
6MD (m) 294.1+114.4 225.8465.7° 307.0+134.1 316.4+115.1"

Values are presented as meantstandard deviation.

NRS, Numerical Rating Scale for pain; TUG, Timed Up and Go test; 6MD, 6-minute walking distance.

a)p<0.05 for pre-operation vs. 2 weeks post-operation.
®p<0.05 for the hybrid group vs. conventional group.
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Knee extension strength

In this case, prior to surgery, the knee extension st-
rength on the operated side was 17.8+3.7 kgf in the con-
ventional group and 18.1+7.3 kgf in the hybrid group,
and no significant difference was observed between the
two groups. By the same token, it is noted that after sur-
gery, knee extension strength in the conventional group
(12.8+3.2 kgf) was significantly lower than in the hybrid
group (16.2+6.8 kgf). In the preoperative and postopera-
tive comparisons, no significant difference was observed
in the hybrid group, whereas the conventional group
showed a significant postoperative decrease in knee ex-
tension strength.

6-minute walking distance

The preoperative 6MD was 294.1+114.4 m in the con-
ventional group and 307+134.1 m in the hybrid group,
and no significant difference was recognized between
these groups. After surgery, 6MD in the conventional
group (225.8+65.7 m) was significantly shorter than in
the hybrid group (316.4+115.1 m). Broadly speaking, in
the preoperative and postoperative comparisons, no
significant difference was observed in the hybrid group,
whereas the conventional group showed a significant
postoperative decrease in 6MD.

DISCUSSION

Recently, new physical therapy equipment has been de-
veloped and is beginning to be applied in postoperative
rehabilitation for the benefit of patients post operatively.
In fact, muscle strength training, walking and endurance
exercises are important for early rehabilitation in patients
after THA surgery, in addition to range of motion train-
ing. Therefore, considering the potential effects of anti-
gravity treadmills and B-SES, we devised and conducted
hybrid physiotherapy which worked as combining both
an anti-gravity treadmill and B-SES training. However, to
the best of our knowledge, our report on hybrid physio-
therapy is the first study to use a combination of an anti-
gravity treadmill and B-SES for postoperative rehabilita-
tion to date. In our postoperative THA protocol, on the
first day after surgery, the beginning of the lower limb
muscle strength training on the operated side and walk-
ing training were permitted, but in reality, because of the
injury pain experienced by the patient and the decline in

physical and mental functions before the surgery, aggres-
sive lower limb muscle strength training, walking and en-
durance training were noted as being difficult to achieve
in that case. Therefore, in the conventional group, we
started with range of motion exercises on a platform and
muscle strength training using weights, and gradually
advanced the course of rehabilitation to include walking
training. The greatest characteristic of the hybrid physio-
therapy we devised is that we can reduce the burden on
the lower limbs and the cardiopulmonary system, and
that the training can begin soon after the operation. In
fact, in the hybrid group in the present study, it was pos-
sible to introduce muscle strength training, walking and
endurance training just 1 day after THA.

Regarding walking ability, the times for the 10-m walk-
ing test and TUG were slightly prolonged in both groups
at 2 weeks after the operation compared as with before
the operation, but the difference was not considered to
be significant. In addition, there was no significant differ-
ence between the two groups at 2 weeks after the opera-
tion, and thus, it was noted that the short distance walk-
ing ability was equally improved to the preoperative level
in both groups.

In the conventional group, knee extension muscle
strength and 6MD at 2 weeks after the operation were
significantly lower than those before surgery. However,
in the hybrid group, those values noted at 2 weeks after
the operation were not significantly lower than those that
were measured before the surgery. Also, at 2 weeks after
the operation, there was a significant difference between
the values of knee extension muscle strength and 6MD
in the hybrid group, and those who were in the conven-
tional group. Therefore, in the conventional group, it is
noted that the lower limb muscular strength and endur-
ance declined early after surgery, but in the hybrid group,
the measured lower limb muscular strength and endur-
ance were preserved and improved up to the preopera-
tive level. The question then follows from the above data
that the effects of maintaining and increasing lower limb
muscular strength and endurance through hybrid phys-
iotherapy as an early rehabilitation program for patients
after THA was in this case clarified.

Like many Japanese acute phase hospitals, our hospital
adopts the Diagnosis Procedure Combination system [25],
whereby the maximal length of hospital stay is generally
2-3 weeks. Therefore, if it is difficult to return home even
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3 weeks after surgery, the patient will be transferred to
a rehabilitation hospital and continue rehabilitation for
a maximal time frame of 3 months to return home [26].
In the present study, there was no significant difference
in the length of hospital stay or in the home return rate
between the two groups; however, more patients in the
conventional group were transferred to a rehabilitation
hospital, as compared with the hybrid group. One reason
for this result is that the muscular strength and endur-
ance were not sufficiently recovered in the participants of
the conventional group.

This study had some limitations, which are noted be-
low. First, the average rehabilitation intervention time
per day was not noted as being completely consistent
between the conventional group and the hybrid group.
The time required for rehabilitation in the hybrid group
was inevitably long, but in the conventional method, ag-
gressive early rehabilitation cannot be performed for a
long time, due to the patient’s wound pain and the noted
mental and physical function deterioration. Secondly, the
intervention was carried out by several therapists instead
of the situation of having only the therapist in charge;
however, the basic rehabilitation program was noted as
being essentially the same. In addition, the intervention
was done with a doctor’s supervision, and it seemed that
there were almost no differences to be recorded between
the utilized therapists. Thirdly, in the present study, the
load of the anti-gravity treadmill varied among the noted
participant cases. This research did not strictly consider
the effects of the anti-gravity treadmill alone. Also, since
it is important that the patient continue the training,
the amount of the load was not fixed. It is important
that endurance exercises on the anti-gravity treadmill
start on the earliest postoperative day possible, which
is understood to be a difficult endeavor with the use of
conventional methods. Fourthly, we initially considered
preparing an early rehabilitation program for patients
after lower extremity total joint replacement for osteoar-
thritis. Therefore, in that scenario we initially considered
including patients after total knee arthroplasty as well.
However, B-SES is already routinely used in patients after
total knee arthroplasty, and establishing a control group
for hybrid physiotherapy is an ethical problem. Fifth, due
to restrictions that were imposed on the hospitalization
period in Japan, the intervention period was only 2 weeks
after surgery. Many of the present patients resided in
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distant areas, and follow-up observations after discharge
from the hospital were conducted by doctors closer to the
patient’s homes. Therefore, it was impossible to conduct
long-term evaluation of the participants after surgery.
Finally, this study did not compare the effects of conven-
tional methods and the anti-gravity treadmill and/or B-
SES hybrid physiotherapy. In the future, a large-scale
multicenter study is necessary to compare the short-term
and long-term effects among the patient’s use of the anti-
gravity treadmill alone, B-SES alone and with the use of
hybrid physiotherapy.

In conclusion, with the use of hybrid physiotherapy,
muscle strength, walking and endurance training were
possible immediately after surgery. In the conventional
group, lower limb muscular strength and endurance
declined early after THA; however, these functions were
maintained in the hybrid group. Therefore, it was sug-
gested that hybrid physiotherapy could maintain the pa-
tient’s physical function early after THA.
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