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ORIGINAL ARTICLE

Association Between Transversus Abdominis Activity and Pain, Muscle Strength,
and Walking Ability After Total Hip Arthroplasty for Osteoarthritis of The Hip

Hideki Suzuki'?, Eiki Tsushima®, Yoko Ono”, Yumetaka Shinden®,
Shigeo Aota®>?, and Naoyuki Oi"”

Abstract

Objective: We investigated whether transversus abdominis activity in patients with hip osteoarthritis (hip OA)
changed after total hip arthroplasty (THA). We also investigated the association between post-THA transversus
abdominis activity and pain, muscle strength, and walking ability.

Methods: The study subjects, all female, included 24 healthy volunteers and 14 patients diagnosed with hip OA
and admitted for unilateral primary THA. We compared the transversus abdominis contraction ratio of the healthy
volunteers and the patients with hip OA before and after THA. We investigated the correlation between the
transversus abdominis contraction ratio and pain, muscle strength, and walking ability.

Results: The transversus abdominis contraction ratio was significantly lower in patients with hip OA both pre
and post-THA than in healthy volunteers. However, there was no significant difference between the pre and post-
THA values. The post-THA transversus abdominis contraction ratio was significantly correlated with hip abductor
strength on the operated side, knee extension strength on the non-operated side, and maximum walking speed.
Conclusions: In patients with hip OA, the activity of the transversus abdominis decreased after THA, and this
decline in transversus abdominis activity was associated with reduced leg muscle strength and walking speed. We
recommend assessing and treating the transversus abdominis.
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Introduction

Osteoarthritis of the hip (hip OA) is a
progressive, painful disease involving the
degeneration, abrasion, and breakdown of the hip
joint cartilage.” Many patients in the advanced
or end-stage phases of the disease undergo total
hip arthroplasty (THA),*® which is effective in
improving physical function and quality of life."®
Impaired leg muscle function is the main focus of
evaluation and treatment in patients with hip OA
undergoing post-THA physiotherapy.”” The
existence of the hip-spine syndrome indicates the
close relationship between the hip joint and the
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lumbar-pelvic region.®* As stable lumbopelvic

function affects leg muscle function,”?* both hip
joint and lumbopelvic function must be evaluated
and treated.

The activity of the transversus abdominis
often declines in patients with hip OA after they
undergo THA. The transversus abdominis is the
deepest abdominal muscle, contributing to increase
of intraabdominal pressure and stabilization of the
lumbar-pelvic region.”*® Although previous
studies have not found any difference in the
thickness of the transversus abdominis between
patients with hip OA and healthy volunteers, it
has been reported that the echogenicity of rectus
abdominis on ultrasonography is significantly
higher in hip OA patients.”” This indicates that
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patients with hip OA have changes in the
composition of the hip and the abdominal
muscles. Taken in conjunction with another
study that found that the rate of change in
thickness of the transversus abdominis was
lower in patients with hip OA than in healthy
volunteers, it is suggested that the activity of the
transversus abdominis may be reduced.’”
Stability of the trunk or lumbopelvic region
refers to the ability to control the position and
motion of the trunk to allow optimum production,
transfer and control of force and motion to the
terminal segment by the activity of the muscles
of the trunk or lumbopelvic region during various
motions®”. Conversely, instability of the trunk
means a lack of this ability. These are assessed
by electromyography27) and clinical tests.**%¥
Studies involving healthy volunteers*® have
shown that when the stability of the lumbar-
pelvic region is increased by the greater activity
of the transversus abdominis, the activity of the
muscles around the hip and knee joints also
increases. In addition, the transversus abdominis
also contributes to the stability of the trunk
during walking by coordinating with the
external and internal oblique muscles of the

30 thereby enhancing the walking

abdomen,
speed and muscle activity.zs'%'%) The studies
described above suggest that transversus
abdominis activity may decrease in patients with
hip OA. However, the association between the
transversus abdominis activity and pain, muscle
strength, and walking ability in patients with hip
OA following THA is yet to be elucidated. If the
transversus abdominis activity decreases after
THA, trunk instability may persist, affecting leg
movement. Thus, a decrease in transversus
abdominis activity may affect the pain, muscle
strength, and walking ability of patients with hip
OA after THA.

We hypothesized that the activity of the
transversus abdominis is lower in patients with
hip OA than in healthy individuals and that it

remains low after THA. We also considered that
the activity of the transversus abdominis might
be associated with pain, muscle strength, and
walking ability post-THA. This study aimed to
investigate whether the activity of the
transversus abdominis in patients with hip OA
decreased after THA and the association of
transversus abdominis activity with post-THA
pain, muscle strength, and walking ability.

Methods

1) Subjects

This prospective, cross-sectional study was
conducted at the Fukushima Medical University
Hospital between February 2018 and May 2021.
The study comprised patients with hip OA and
healthy volunteers. The inclusion criteria for the
patients with hip OA were female sex, age 40-80
years, diagnosis of hip OA in Fukushima Medical
University Hospital, and admission for unilateral
primary THA. The exclusion criteria for hip OA
patients comprised disease of the opposite hip
(end-stage coxarthrosis), previous orthopedic
surgery of the leg, abdominal or lumbar surgery
within the last 10 years, lumbar or leg symptoms
at sites other than the operated hip, previous
central neurological disease, inability to walk,
inability to understand or practice abdominal
drawing-in maneuver exercises, body mass index
(BMI) >30 kg/m?* and an absence of data
required for the study.

The inclusion criteria for the healthy
volunteers comprised female sex, age 40-80
years, good health, and willingness to participate
in the study. The study subjects were either the
employees of the Fukushima Medical University
Hospital or the external organizations working
at Fukushima Medical University Hospital. The
exclusion criteria were abdominal or lumbar
surgery within the previous 10 years, symptoms
of lumbar disease, inability to understand or
practice abdominal drawing-in maneuver
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exercises, BMI >30 kg/m? and an absence of
data required for the study. The volunteers were
recruited using the purposive sampling method
(classical method), and the study was announced
on posters displayed within the hospital.

Before signing the consent form, the
participants were given verbal and written
information regarding the study objectives and
methods. This study was approved by the
Fukushima Medical University Institutional
Review Board (reference number 29237) and
the Institutional Review Board of the Graduate
School of Health Sciences of Hirosaki University
(reference number 2021-040).

2) Collection of basic data and measurement of
the transversus abdominis contraction ratio

We collected data on age, height, weight, BMI,
Japanese Orthopedic Association (JOA) stage,
and surgical procedure from medical records.

We measured the transversus abdominis
contraction ratio of the patients with hip OA and
the healthy volunteers. The measurements were
performed twice, preoperatively and 12 weeks
postoperatively, for the patients with hip OA. A
diagnostic ultrasound unit (MyLab Five, Esaote,
Tokyo, Japan) was used for transversus
abdominis contraction ratio measurements. The
side on which the transversus abdominis was
measured was the operated side for the patients
with hip OA and the side of the foot used to kick
a ball by the healthy volunteers. The diagnostic
ultrasound unit image display mode was set to B
mode, and scanning was conducted at 15 MHz
with a linear probe. Measurements were made
while the patient was in the supine position, with
the pelvis in the neutral position. Visual
inspection and palpation were used to confirm
the neutral position of the pelvis, in which the
distance between two lines running vertically
from the anterior and posterior superior iliac
spines to the floor was no greater than two
fingers' breadth. In patients with restricted hip

Mid axillary line

Anterior axillary line

Probe position

Figure 1 Site of measurement of transversus abdominis

extension, the joint angles of the hips and knees
were adjusted until a neutral position of the
pelvis was achieved.”” The measurement site in
the transversus abdominis was on the
midaxillary line in the center of the space
between the lower margin of the ribs and the
iliac crest, with the middle portion of the probe
positioned perpendicular to the midaxillary line

)72 If the transversus abdominis

(Figure 1
could not be scanned at this site, the probe was
moved to the anterior axillary line, and the
muscle was imaged at that location.?** To
standardize the position of the transversus
abdominis, its medial part was displayed on the

% Resting muscle

right-hand side of the screen.
thickness for the transversus abdominis was
defined as the thickness of the muscle at the end
of expiration. In contrast, contracted muscle
thickness was defined as the thickness of the
muscle during the abdominal drawing-in
maneuver. Each of these was measured three
times (Figure 2). The abdominal drawing-in
maneuver has been reported as ideal for
evaluating the contraction of the transversus
abdominis alone,* and was conducted by
instructing the subjects to "Pull in your stomach
so that it is concave." The muscle thickness at
the point of maximum protrusion was measured
on still images using the Image-J] image analysis
software (Version 1.51k, National Institutes of
Health, USA). Muscle thickness was measured
three times on each image, and the mean value
was used to calculate the transversus abdominis

contraction ratio, as shown below,*#4041:4
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External oblique

Internal oblique

t Transversus abdominis

At rest

Contracted

Figure 2 Muscle thickness of the transversus abdominis at rest and during contraction

Hip abduction

Knee extention

Figure 3 Measurement of lower limb muscle strength

Arrows indicate the direction of the force exerted by the patient.

Transversus abdominis contraction ratio
(activity ratio) = Transversus abdominis
thickness contracted / Transversus abdominis
thickness at rest

The transversus abdominis contraction ratio
expresses the activity and capacity for

. e+ 45
contraction of the transversus abdominis.*”

3) Pain, muscle strength, and walking ability
measurement/evaluation
We measured the following indices in patients

with hip OA 12 weeks postoperatively.
(a) Pain
The pain was investigated by measuring it
during walking using a Numerical Rating Scale
(NRS)."™" Patients were also asked about the
location of the pain.
(b) Leg muscle strength measurements
Isometric strength of hip abductor and knee
extensor was measured using a hand-held
dynamometer (Power Track II MMT
COMMANDER, MF-104AA, Nihon Medix

) 48-52

Matsudo, Japan) (Figure 3 ' Hip abductor

strength was measured with the subject in the
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supine position with the hip joint in the neutral
position for both hip abduction and rotation, and
the investigator holding down the pelvis on the
opposite side. The subject grasped the sides of
the bed with both hands. The sensor was placed
on the distolateral side of the thigh (5 cm
proximal to the knee joint). Knee extensor
strength was measured with the subject sitting
on the edge of a chair with the knees in a
position of 90° extension. The subject kept both
arms crossed in front of their chest. The sensor
receiving the muscle output was placed on the
anterior surface of the distal part of the lower
leg. The arm lengths were the distances from the
center of the hip or the knee joint to the sensor’s
center, ascertained with a measuring tape. After
the subject had exerted maximum isometric
muscle strength once for practice purposes,
maximum isometric muscle strength was
measured twice consecutively for approximately
3 seconds, first on the non-operated side and then
on the operated side, with an interval of
approximately 30 s between measurements on
the same side and approximately 1 min between
measurements on the left and right sides. The
mean of the two measurements was calculated
and converted to torque/body weight ratio [Nm/
kg: force at the sensor site (N) X arm length (m)
/body weight (kg)].
(¢) Maximum walking speed measurement
Maximum walking speed was measured by
asking the subject to walk in a straight line for a
distance of 14 m, comprising a 10 m measurement
zone with 2 m approaches at either end.” The
subject was encouraged to exert maximum effort
while walking. They were permitted to use a
cane if one was required. A stopwatch was
started when one of the subject’s feet touched or
passed over the measurement start line, and it
was stopped when they crossed the finish line.
After one practice session, the test was
conducted twice, and the mean value, expressed
as speed in m/s, was calculated.

4) Statistical analysis

A two-sample t-test or Mann-Whitney test
was used to compare the transversus abdominis
contraction ratio of the healthy volunteers and
the patients with hip OA. A paired t-test was
performed to compare the pre-and post-THA
values in patients with hip OA patients. The
association between the transversus abdominis
contraction ratio and post-THA physical function
in patients with hip OA was investigated by
using Pearson’s or Spearman’s correlation
coefficient. The statistical software used was the
R software version 4.0.2 (CRAN, freeware), with
p < 0.05 regarded as significant in all tests.

Results

After subject selection, the study population
included 24 healthy volunteers and 14 patients
with hip OA (Figure 4). There was no
significant difference in age, height, weight, or
BMI between the healthy volunteers and the
patients with hip OA (Table 1). Measurements
made in the healthy volunteers and patients with
hip OA pre-and post-THA were found to have no
significant difference in terms of resting muscle
thickness. However, the thickness of the
contracted muscle was significantly lower in the
patients with hip OA post-THA compared to the
healthy volunteers (Table 2). The transversus
abdominis contraction ratio was considerably
lower in the patients with hip OA, both pre-and
post-THA, than in the healthy volunteers (Table
2). There were no significant differences in pre-
THA and post-THA measurements in the
patients (Table 2).

Table 3 shows post-THA pain, muscle
strength, and walking ability. The post-THA
transversus abdominis contraction ratio was
significantly correlated with hip abductor
strength on the operated side, knee extension
strength on the non-operated side, and maximum
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Figure 4 Flowchart of subject selection

Table 1. Characteristics of the healthy volunteers and the patients with hip OA

Healthy group (n=24) Hip osteoarthritis group (n=14) p-value
Age (years) 586 + 630 = 75 0.090
Height (cm) 1544 = 154.2 = 57 0.921
Weight (kg) 510 + 56.3 £ 9.2 0.072
BMI 214 + 237 £ 36 0.051
JOA stage, n End-stage 14

Surgical procedure, n

Posterior approach 14

JOA, Japanese Orthopedic Association
BMI, Body Mass Index

Table 2. The transversus abdominis contraction ratio in the healthy volunteers and the patients with hip OA

pre THA group

Healthy group vs post vs post THA

Healthy group vs pre

Healthy pre THA post THA THA group THA group
group (n=24) group (n=14) group (n=14) group
p-value effect size (r) p-value effect size (1) p-value
TrA thickness at rest (cm) 0.29 +0.09 0.32 +0.10 0.30 £0.09  0.600 0.792 0.855
TrA thickness contracted (cm) 050 £0.13 042 £0.11 041 £0.12 0.075 <0.05 0.323 0.757
TrA contraction ratio 1.74 £0.36 1.35+0.25 137027  <0.01 0.512 <0.01 0.488 0.848

TrA, Transversus Abdominis; THA, Total Hip Arthroplasty

Mann-Whitney test (Healthy group vs pre THA group : Healthy group vs post THA group)

Wilcoxon test (pre THA group vs post THA group)

walking speed (Table 4).

Discussion

This study showed that the transversus
abdominis contraction ratio was significantly
lower in patients with hip OA before and after
THA compared to that in the healthy volunteers.
The post-THA transversus abdominis contraction
ratio was also significantly correlated with hip
abductor strength on the operated side, knee
extension strength on the non-operated side, and

maximum walking speed.

A previous study that used a diagnostic
ultrasound unit to measure the resting muscle
thickness of the transversus abdominis found no
significant difference between patients with
Kellgren/Lawrence grade 3-4 hip OA and
healthy individuals.”” Another cross-sectional
study investigated the transversus abdominis in
patients with end-stage hip OA and healthy

individuals.*”

Although there was no significant
difference in resting muscle thickness, muscle

thickness and the ratio of change during the
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Table 3. Pain, muscle strength, and walking ability in patients with hip OA

Value at postoperative 12 weeks

Gait pain (NRS)
Pain site, n
Groin
Anterior inferior iliac spine
Anterior femoral
Lateral femoral
Buttocks
Surgical wound

Non-operative hip abductor strength (Nm/kg)

Operative hip abductor strength (Nm/kg)

Non-operative knee extensor strength (Nm/kg)

Operative knee extensor strength (Nm/kg)
Maximum Walking Speed (m/s)

0307

0.65 =0.21
052 =017
0.81 £0.29
0.76 £ 0.24
1.51 = 0.25

NRS, Numerical Rating Scale

Table 4. Relationship between transversus abdominis contraction ratio and pain, muscle strength, and walking ability in

patients with hip OA

Gait pain Non-operative hip

Operative hip

Non-operative knee  Operative knee Maximum Walking

abductor strength  abductor strength  extensor strength  extensor strength Speed
R R r,=-0.330 r=0.508 r=0.559 rs=0.643 r=0479 r=0.666
TrA contraction ratio
p=0.247 p=0.063 p<0.05 p<0.05 p=0.082 p<001

TrA, Transversus Abdominis

abdominal drawing-in maneuver were significantly
lower in patients with end-stage hip OA. However,
no previous study has investigated changes in the
thickness of the transversus abdominis after
THA.

A novel finding in this study was that the
transversus abdominis contraction ratio
decreased following THA in patients with hip
OA. This result proved our hypothesis. The
transversus abdominis stabilizes the trunk and
affects leg movements and Walking.26'35)
Assessing and treating the transversus abdominis
i1s thus very important in patients with hip OA.
The fact that the transversus abdominis
contraction ratio was significantly lower in
patients with hip OA than in the healthy
volunteers also suggested that activating the
transversus abdominis may be difficult. Hip OA
patients avoid physical activity due to joint pain,
resulting in lower limb muscle weakness. As a
result, the amount of physical activity decreases.””
Because the transversus abdominis is closely

r : Pearson’s product moment correlation coefficient
r, - Spearman’s rank correlation coefficient

related adjacent to the hip joint, the activity of
the transversus abdominis may have decreased as
a result of hip pain, functional decline, and
decreased physical activity. Although THA
improved joint deformity and symptoms, the
preoperative decreased activity of the transversus
abdominis may have remained after surgery.
Regarding the association between the
transversus abdominis contraction ratio and
muscle strength and walking ability in patients
with hip OA, when the transversus abdominis
contraction ratio was low, then hip abduction
strength on the operated side, knee extension
strength on the non-operate side, and maximum
walking speed were also low. Decreased activity
of the transversus abdominis means decreased
trunk stability. The hip abductor muscle
originates from the pelvis.55> When trunk
stability is not achieved, lower extremity muscle
performance originating from the trunk is
reduced.”” Therefore, the decrease in trunk
stability due to decreased activity of the
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transversus abdominis may have influenced the
decrease in the strength of the operated side hip
abductor muscles. The reverse can also be true.
Patients with end-stage Hip OA have decreased
strength of the abductor muscles® and decreased
activity of the transversus abdominis.*” It has
also been reported that weakness of the hip
abductor muscles remains after THA.?”
Therefore, it is possible that the decreased
activity of the transversus abdominis, which was
present before THA, may remain as well as the
decreased strength of the operated side hip
abductor muscles. The knee extensor muscles
originate from the pelvis, as well as the hip
abductor muscles.”® Therefore, the decreased
stability of the trunk due to decreased activity
of the transversus abdominis may have
influenced the decreased strength of the knee
extensor muscles on the non-operated side. In
general, knee extensor strength is necessary for
various physical activities, especially walking.”’
These physical activities also require activity of
the transversus abdominis.”®*® Patients with low
physical activity may have low knee extensor
strength and low transversus abdominis activity.
In other words, patients who have decreased
knee extensor strength on the non-operated side
after THA may have been less physical activity
preoperatively and have decreased activity in
the transversus abdominis muscle, which may
remain after THA. In an interventional study in

24 in which they were asked

healthy volunteers
to contract the transversus abdominis and
internal oblique muscles and perform leg
movements, the activity of the muscles around
the hips and knees was reportedly higher
compared with when they performed leg
movements without contracting those muscles.
In another study of healthy volunteers,”® the
activity of the gluteus maximus during walking
increased when they wore a pelvic belt that
substituted for transversus abdominis contraction

compared with when they were not wearing the

belt. These reports also indicate that the
transversus abdominis may reflect the stability
of the trunk and be deeply involved with the
muscles around the hips and knees. The
transversus abdominis also has a sustained effect
on stabilizing the trunk during walking,34> and
its activity reportedly increases with increased
walking speed.zg‘%) An interventional study in
patients with degenerative lumbar kyphosis®”
also found that percutaneous electrical
stimulation of the multifidus, transversus
abdominis, and internal oblique muscles
increased walking speed compared with the
absence of such stimulation. These results
indicate that increased transversus abdominis
activity stabilizes the trunk and increases the
walking speed. Because walking speed has an
impact on levels of activity in everyday life,
interventions to increase the activity of the
transversus abdominis, in addition to the leg
muscles, may be effective for patients whose
walking speed is slow. However, walking is
related to a variety of factors. In the present
study, patients with low transversus abdominis
contraction ratio also showed lower limb muscle
weakness. In general, walking speed is related to
lower limb muscle strength.” It should be noted
that transversus abdominis contraction ratio is
not the only factor that affects walking speed
and may include lower extremity muscle
strength and other factors.

This study has three main limitations. The
first is selection bias. Because our subjects were
patients with hip OA who had been hospitalized
for surgery, their transversus abdominis activity
may have been lower than that of patients with
hip OA in general. The healthy volunteers were
employed at the lead author’s hospital. The
possibility of them being more health-conscious
than regular healthy individuals cannot be
discounted. The second is that the examiner who
measured muscle thickness by diagnostic
ultrasound unit was not blinded to the subjects



Transversus Abdominis in Osteoarthritis of The Hip 75

other data or information. This could have
affected the results as an information bias. The
third is that we did not adjust for confounders in
our analysis of the effect of the transversus
abdominis contraction ratio on physical function,
nor did we analyze its causal relationship. This
research must be extended in the future to
encompass the use of matching and multivariate
analysis.

Conclusions

We investigated whether the activity of the
transversus abdominis decreases in patients with
hip OA after THA and found that the transversus
abdominis contraction ratio was significantly
lower in patients with hip OA both pre- and post-
THA than in healthy volunteers. The postTHA
transversus abdominis contraction ratio was also
significantly correlated with hip abductor strength
on the operated side, knee extension strength on
the non-operated side, and maximum walking
speed. In patients with hip OA, the activity of the
transversus abdominis decreased after THA,
and this decline in transversus abdominis
activity was associated with leg muscle strength
and walking speed. We recommend assessing
and treating the transversus abdominis to
improve muscle strength, walking ability.

Conflicts of interest

The authors have no conflicts of interest to
disclose with respect to this study.

Acknowledgments

We thank all those in the Department of
Orthopedic Surgery and the Rehabilitation
Center of Fukushima Medical University
Hospital who cooperated with this study.

References

1) Jacobsen S, Sonne-Holm S, Seballe K, Gebuhr P,
Lund B. Radiographic case definitions and
prevalence of osteoarthrosis of the hip: A survey
of 4 151 subjects in the Osteoarthritis Substudy
of the Copenhagen City Heart Study. Acta Orthop
Scand. 2004;75:713-20.

2) Zhang D, Chen L, Peng K, Xing F, Wang H, Xiang
Z. Effectiveness and safety of the posterior
approach with soft tissue repair for primary total
hip arthroplasty: A meta-analysis. Orthop
Traumatol Surg Res. 2015;101:39-44.

3) Sun X, Zhu X, Zeng Y, Zhang H, Zeng ], Feng W,
Li ], et al. The effect of posterior capsule repair in
total hip arthroplasty: A systematic review and
meta-analysis. BMC Musculoskelet Disord. 2020;
21:263.

4) Bahl JS, Nelson M]J, Taylor M, Solomon LB,
Arnold JB, Thewlis D. Biomechanical changes and
recovery of gait function after total hip
arthroplasty for osteoarthritis: a systematic
review and meta-analysis. Osteoarthritis Cartilage.
2018;26:347-63.

5) Mendiolagoitia L, Rodriguez MA, Crespo I, Del
Valle M, Olmedillas H. Kinematic Gait Analysis
After Primary Total Hip Replacement: A
Systematic Review: Gait After Total Hip
Replacement: A Systematic Review. Indian ]
Orthop. 2020;54:767-75.

6) Koutras C, Antoniou SA, Talias MA, Heep H.
Impact of Total Hip Resurfacing Arthroplasty on
Health-Related Quality of Life Measures: A
Systematic Review and Meta-Analysis. ]
Arthroplasty. 2015;30:1938-52.

7) Westby MD, Brittain A, Backman CL. Expert
consensus on best practices for post-acute
rehabilitation after total hip and knee
arthroplasty: A Canada and United States Delphi
study. Arthritis Care Res. 2014;66:411-23.

8) Husby VS, Helgerud ], Bjorgen S, Husby OS,
Benum P, Hoff J. Early postoperative maximal
strength training improves work efficiency 6-12
months after osteoarthritis-induced total hip
arthroplasty in patients younger than 60 years.
Am ] Phys Med Rehabil. 2010;89:304-14.



76 H. Suzuki, et al.

9) Winther SB, Foss OA, Husby OS, Wik TS,
Klaksvik J, Husby VS. A randomized controlled
trial on maximal strength training in 60 patients
undergoing total hip arthroplasty: Implementing
maximal strength training into clinical practice.
Acta Orthop. 2018;89:295-301.

10) Wu JQ, Mao LB, Wu J. Efficacy of exercise for
improving functional outcomes for patients
undergoing total hip arthroplasty: A meta-
analysis. Medicine (Baltimore). 2019;98:e14591.

11)Minns Lowe CJ, Barker KL, Dewey ME, Sackley
CM. Effectiveness of physiotherapy exercise
following hip arthroplasty for osteoarthritis: A
systematic review of clinical trials. BMC
Musculoskelet Disord. 2009;10:98.

12) Skoffer B, Dalgas U, Mechlenburg I. Progressive
resistance training before and after total hip and
knee arthroplasty: A systematic review. Clin
Rehabil. 2015;29:14-29.

13) Di Monaco M, Vallero F, Tappero R, Cavanna A.
Rehabilitation after total hip arthroplasty: A
systematic review of controlled trials on physical
exercise programs. Eur J Phys Rehabil Med. 2009;
45:303-17.

14)Lowe CJ, Davies L, Sackley CM, Barker KL.
Effectiveness of land-based physiotherapy
exercise following hospital discharge following hip
arthroplasty for osteoarthritis: An updated
systematic review. Physiotherapy. 2015;101:252-65.

15) Umpierres CS, Ribeiro TA, Marchisio AE, Galvio
L, Borges IN, Macedo CA, Galia CR. Rehabilitation
following total hip arthroplasty evaluation over
short follow-up time: Randomized clinical trial. J
Rehabil Res Dev. 2014;51:1567-78.

16) Matheis C, Stoggl T. Strength and mobilization
training within the first week following total hip
arthroplasty. ] Bodyw Mov Ther. 2018;22:519-27.

17)DI Monaco M, Castiglioni C. Which type of
exercise therapy is effective after hip
arthroplasty? a systematic review of randomized
controlled trials. Eur J Phys Rehabil Med. 2013;
49:893-907.

18) Offierski CM, MacNab I. Hip-Spine Syndrome.
Spine (Phila Pa 1976). 1983:8:316-21.

19) Redmond JM, Gupta A, Nasser R, Domb BG. The
hip-spine connection: Understanding its
importance in the treatment of hip pathology.
Orthopedics. 2015;38:49-55.

20) Riviére C, Lazic S, Dagneaux L, Van Der Straeten
C, Cobb J, Muirhead-Allwood S. Spine-hip
relations in patients with hip osteoarthritis.
EFORT Open Rev. 2018;3:39-44.

21)Riviére C, Lazennec JY, Van Der Straeten C,
Auvinet E, Cobb ], Muirhead-Allwood S. The
influence of spine-hip relations on total hip

replacement: A systematic review. Orthop
Traumatol Surg Res. 2017;103:559-68.

22) Yoshimoto H, Sato S, Masuda T, Kanno T, Shundo
M, Hyakumachi T, Yanagibashi Y. Spinopelvic
alignment in patients with osteoarthrosis of the
hip: A radiographic comparison to patients with
low back pain. Spine (Phila Pa 1976). 2005;30:
1650-7.

23)Madokoro S, Miaki H, Yamazaki T. The effect of
the abdominal drawing-in manoeuvre during
forward steps. ] Phys Ther Sci. 2014;26:889-93.

24) Tsang SMH, Lam AHM, Ng MHL, Ng KWK, Tsui
COH, Yiu B. Abdominal muscle recruitment and
its effect on the activity level of the hip and
posterior thigh muscles during therapeutic

exercises of the hip joint. J Electromyogr Kinesiol.
2018:42:10-9.

25)Harput G, Calik M, Erdem MM, Cigercioglu N,
Gunduz S, Cinar N. The effects of enhanced
abdominal activation on quadriceps muscle
activity levels during selected unilateral lower
extremity exercises. Hum Mov Sci. 2020;70:
102597.

26) Hodges PW, Richardson CA. Contraction of the
abdominal muscles associated with movement of
the lower limb. Phys Ther. 1997;77:132-42.

27)Hodges PW. Is there a role for transversus
abdominis in lumbo-pelvic stability? Man Ther.
1999;4:74-86.

28)Hu H, Meijer OG, van Dieén JH, Hodges PW,
Bruijn SM, Strijers RL, Nanayakkara PW, et al.
Muscle activity during the active straight leg
raise (ASLR), and the effects of a pelvic belt on
the ASLR and on treadmill walking. ] Biomech.



Transversus Abdominis in Osteoarthritis of The Hip 77

2010;43:532-9.

29) Fukumoto Y, Ikezoe T, Tateuchi H, Tsukagoshi R,
Akiyama H, So K, Kuroda Y, et al. Muscle Mass
and Composition of the Hip, Thigh and Abdominal
Muscles in Women With and Without Hip
Osteoarthritis. Ultrasound Med Biol. 2012;38:1540-
5.

30)Hori H, Hori K, Yuri M, Chiba T. Characteristics
of Patients with Osteoarthritis of the Hip in
Terms of the Percent Change in the Thickness of
the Transversus Abdominis, the Pelvic Inclination
Angle, and the Morphology of the Hip Joint. ] Jpn
Phys Ther Assoc. 2016;43:213-21. [In Japanese]

31)Kibler WB, Press ], Sciascia A. The role of core
stability in athletic function. Sports Med. 2006;36:
189-98.

32)Aggarwal A, Kumar S, Madan R, Kumar R.
Relationship among different tests of evaluating
low back core stability. ] Musculoskelet Res. 2011;
14:1250004.

33)Chan EWM, Hamid MSA, Nadzalan AM, Hafiz E.
Abdominal muscle activation: An EMG study of

the Sahrmann five-level core stability test. Hong
Kong Physiother J. 2020;40:89-97.

34)Saunders SW, Rath D, Hodges PW. Postural and
respiratory activation of the trunk muscles

changes with mode and speed of locomotion. Gait
Posture. 2004;20:280-90.

35)Hu H, Meijer OG, Hodges PW, Bruijn SM, Strijers
RL, Nanayakkara PW, van Royen B]J, et al.
Control of the lateral abdominal muscles during
walking. Hum Mov Sci. 2012;31:880-96.

36) Saunders SW, Schache A, Rath D, Hodges PW.
Changes in three dimensional lumbo-pelvic
kinematics and trunk muscle activity with speed
and mode of locomotion. Clin Biomech. 2005;20:
784-93.

37)Himes ME, Selkow NM, Gore MA, Hart JM, Saliba
SA. Transversus abdominis activation during a
side-bridge exercise progression is similar in
people with recurrent low back pain and healthy
controls. ] Strength Cond Res. 2012;26:3106-12.

38)Selkow NM, Eck MR, Rivas S. Transversus
abdominis activation and timing improves

following core stability training: a randomized
trial. Int J Sports Phys Ther. 2017;12:1048-56.

39)Kim BJ, Lee SK. Effects of three spinal
stabilization techniques on activation and
thickness of abdominal muscle. ] Exerc Rehabil.
2017;13:206-9.

40) Teyhen DS, Rieger JL, Westrick RB, Miller AC,
Molloy JM, Childs JD. Changes in deep abdominal
muscle thickness during common trunk-
strengthening exercises using ultrasound imaging.
J Orthop Sports Phys Ther. 2008;38:596-605.

41) Saliba SA, Croy T, Guthrie R, Grooms D, Weltman
A, Grindstaff TL. Differences in transverse
abdominis activation with stable and unstable
bridging exercises in individuals with low back
pain. N Am ] Sport Phys Ther. 2010;5:63-73.

42) Teyhen DS, Miltenberger CE, Deiters HM, Del
Toro YM, Pulliam JN, Childs JD, Boyles RE, et al.
The use of ultrasound imaging of the abdominal

drawing-in maneuver in subjects with low back
pain. J Orthop Sports Phys Ther. 2005;35:346-55.

43) Chiono J, Bernard N, Bringuier S, Biboulet P,
Choquet O, Morau D, Capdevila X. The ultrasound-
guided transversus abdominis plane block for
anterior iliac crest bone graft postoperative pain
relief: A prospective descriptive study. Reg
Anesth Pain Med. 2010;35:520-4.

44)Mannion AF, Pulkovski N, Toma V, Sprott H.
Abdominal muscle size and symmetry at rest and

during abdominal hollowing exercises in healthy
control subjects. ] Anat. 2008;213:173-82.

45) Gaudreault N, Benoit-Piau J, van Wingerden JP,
Stecco C, Daigle F, Léonard G. An investigation of
the association between transversus abdominis
myofascial structure and activation with age in
healthy adults using ultrasound imaging. Int J
Sports Phys Ther. 2021;16:1093-103.

46) Karcioglu O, Topacoglu H, Dikme O, Dikme O. A
systematic review of the pain scales in adults:
Which to use? Am ] Emerg Med. 2018;36:707-14.

47) Williamson A, Hoggart B. Pain: A review of three
commonly used pain rating scales. J Clin Nurs.
2005;14:798-804.

48)Teiri A, Tushima E, Ishida K, Inoue M, Kanno T,



78 H. Suzuki, et al.

Masuda T. Reliability of measurements of hip
abduction strength obtained with a hand-held
dynamometer. Physiother Theory Pract. 2015;31:
146-52.

49)Pua YH, Wrigley TW, Cowan SM, Bennell KL.
Intrarater Test-Retest Reliability of Hip Range of
Motion and Hip Muscle Strength Measurements
in Persons With Hip Osteoarthritis. Arch Phys
Med Rehabil. 2008;89:1146-54.

50) Martins J, da Silva JR, da Silva MRB, Bevilaqua-
Grossi D. Reliability and validity of the belt-
stabilized handheld dynamometer in hip-and
knee-strength tests. J] Athl Train. 2017;52:809-19.

51)Hirano M, Katoh M, Gomi M, Arai S. Validity and
reliability of isometric knee extension muscle
strength measurements using a belt-stabilized
hand-held dynamometer: a comparison with the
measurement using an isokinetic dynamometer in
a sitting posture. ] Phys Ther Sci. 2020;32:120-4.

52) Toonstra J, Mattacola CG. Test-retest reliability
and validity of isometric knee-flexion and
-extension measurement using 3 methods of
assessing muscle strength. J Sport Rehabil. 2013;
22:1-5.

53)Ng SS, Ng PC, Lee CY, Ng ES, Tong MH, Fong
SS, Tsang WW. Assessing the walking speed of
older adults: The influence of walkway length.
Am ] Phys Med Rehabil. 2013;92:776-80.

54)Dekker J, van Dijk GM, Veenhof C. Risk factors
for functional decline in osteoarthritis of the hip

or knee. Curr Opin Rheumatol. 2009;21:520-4.

55)Gottschalk F, Kourosh S, Leveau B. The
functional anatomy of tensor fasciae latae and

gluteus medius and minimus. J] Anat. 1989;166:
179-89.

56)Marshall AR, Noronha M, Zacharias A,
Kapakoulakis T, Green R. Structure and function
of the abductors in patients with hip osteoarthritis:
Systematic review and meta-analysis. ] Back
Musculoskelet Rehabil. 2016;29:191-204.

57)Ismailidis P, Kvarda P, Vach W, Cadosch D,
Appenzeller-Herzog C, Miindermann A. Abductor
Muscle Strength Deficit in Patients After Total
Hip Arthroplasty: A Systematic Review and
Meta-Analysis. ] Arthroplasty. 2021;36:3015-27.

58)Flandry F, Hommel G. Normal anatomy and
biomechanics of the knee. Sports Med Arthrosc
Rev. 2011;19:82-92.

59)Bohannon RW. Comfortable and maximum
walking speed of adults aged 20-79 years:
reference values and determinants. Age Ageing.
1997:;26:15-9.

60) Jung GS, Chang MC, Seo SW, Lee DG, Kwak SG,
Cho HK, Ahn SH. Transcutaneous neuromuscular
electrical stimulation applied to optimal points on
the lower abdomen and lumbar paraspinal region
changes gait parameters in patients with lumbar
degenerative kyphosis. ] Back Musculoskelet
Rehabil. 2018;31:267-74.



