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Abstract

Background: This study aimed to identify the association of preoperative variables of ipsilateral hip abductors with
gait function after total hip arthroplasty (THA).

Methods: This study enrolled 42 patients who underwent unilateral primary THA for osteoarthritis. Gait speed and
Timed Up-and-Go test were conducted 6 months postoperatively. Preoperative composition of the glutei medius and
minimus and the upper portion of gluteus maximus was evaluated by computed tomography. Cross-sectional area
ratio of individual composition to the total muscle was calculated. Preoperative variables associated with gait speed
and Timed Up-and-Go test after THA were identified by using stepwise regression analysis.

Results: Faster gait speed and shorter Timed Up-and-Go test correlated with smaller cross-sectional area of low-
density lean tissue or intramuscular adipose tissue (low-density lean tissue plus intramuscular fat) in the glutei medius
and minimus and lower cross-sectional area ratio of low-density lean tissue to the total glutei medius and minimus.
Faster gait speed and shorter Timed Up-and-Go test also correlated with larger cross-sectional area of lean muscle
mass in the gluteus maximus, higher cross-sectional area ratio of lean muscle mass to the total gluteus maximus,

and lower cross-sectional area ratio of intramuscular fat or intramuscular adipose tissue to the total gluteus maximus.
Faster gait speed additionally correlated with larger total cross-sectional area of the gluteus maximus. Regression
analysis showed that the total cross-sectional area of the gluteus maximus and the low-density lean tissue cross-
sectional area of the glutei medius and minimus were the explanatory variables of gait speed and Timed Up-and-Go
test after THA, respectively.

Conclusions: There was a potential association between preoperative composition of ipsilateral hip abductors and
gait function 6 months after THA. This study indicates a predictive role of preoperative assessment of ipsilateral hip
abductor composition in the recovery of gait function after THA.

Keywords: Gait function, Gait speed, Hip abductor, Hip joint, Muscle composition, Timed Up-and-Go test, Total hip
arthroplasty

Background

Total hip arthroplasty (THA) is an effective treatment
for patients with osteoarthritis of the hip. Postoperative
functional improvement occurs within the first 6 months
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dissatisfaction after THA due to insufficient improve-
ment [2]. It remains unclarified what preoperative factors
are associated with functional limitations after THA.

Because gait is one of the most basic movements
in daily life, it is necessary to evaluate the recovery of
gait function as an outcome after THA. Gait speed has
recently received attention as a critical factor for pre-
dicting prognosis after THA [3]. In addition, Timed
Up-and-Go test (TUG) is widely used to evaluate mobil-
ity function in elderly individuals. The Osteoarthritis
Research Society International guidelines recommend a
10-m fast-paced walk test for gait speed and TUG as the
core set of performance measures for patients with oste-
oarthritis [4].

A recent systematic review has revealed the associa-
tion of age and body mass index (BMI) with the func-
tional outcome after THA [5]. There is also evidence
on the association between hip abductor muscle func-
tion and physical function after THA [6]. In patients with
advanced hip osteoarthritis, the gluteus maximus, the
gluteus medius and the gluteus minimus are significantly
smaller in the symptomatic limb than in the asympto-
matic one [7]. In addition to muscle size, the structural
muscle composition is an important factor underlying
muscle strength and physical function [8]. High associa-
tion is found between muscle strength and lean muscle
mass (LMM) [9]. In elderly people, a loss of LMM can
cause a loss of muscle strength [10] and the adipose tis-
sue beneath the deep fascia of a muscle, intramuscular
adipose tissue (IMAT), may also explain age-associated
muscle strength deficit. Alteration in muscle fiber orien-
tation by fatty infiltration into skeletal muscle decreases
force-producing capacities of the whole muscle. There-
fore, increased IMAT with loss of LMM could contribute
to decline in mobility function in older adults [11]. Fatty
infiltration in the gluteus medius is observed concomi-
tantly with minor fatty infiltration in the gluteus mini-
mus in patients with end-stage hip osteoarthritis [12].
However, it is still unclear how hip abductor composi-
tion affects functional outcomes after THA. The aim of
this study was to evaluate preoperative variables of hip
abductor muscles of the operated limb, and elucidate
their association with gait function after THA.

Patients and methods

Patient selection

We retrospectively analyzed the data from 172 patients
who underwent primary THA between November 2018
and June 2020 in our hospital. The exclusion criteria
were: (1) history of total knee arthroplasty (29 patients),
(2) contralateral THA within 6 months before admission
(53 patients), (3) a hip surgical procedure on the operated
side (3 patients), (4) hip deformity with Crowe types 2,
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3, and 4 (14 patients) [13], (5) bilateral THA (1 patient),
(6) contralateral pain with hip or knee osteoarthritis (25
patients), (7) any other musculoskeletal impairments
affecting lower limb function (1 patient), and (8) insuf-
ficient clinical data (4 patients). As a result, 42 of 172
patients were enrolled into this study. Of the 42 patients,
8 patients had undergone contralateral THA over a
period of 12 months before admission. All patients were
able to walk independently, with or without a cane, before
surgery. Mean age and BMI of the 42 patients (9 males
and 33 females) were 70.9years (range, 46—87years) and
22.8kg/m? (range, 15.2—-29.8 kg/m?), respectively.

Operation and postoperative rehabilitation

THA was performed through a lateral approach with
modified Mostardi technique for minimal damage to
the hip abductor muscles [14]. After blunt dissection
through the anterior one-fourth of the gluteus medius,
the bony portion that retains the tendinous junction of
the glutei medius and minimus was osteotomized using
a chisel. The osteotomized trochanteric fragment, which
was approximately 10mm long, 10mm wide and 5mm
deep, was mobilized anteriorly and medially, whereas the
vastus lateralis was kept completely intact. Finally, the
osteotomized trochanteric fragment was anatomically re-
attached by inducing bone-to-bone contact using ultra-
high molecular-weight polyethylene sutures. The same
rehabilitation protocol was used in each inpatient during
the first 2weeks in our hospital and thereafter 3—4weeks
in the recovery-phase rehabilitation hospital follow-
ing THA. A standard rehabilitation program started on
the first postoperative day, and patients were allowed
to eliminate walking aids whenever comfortable. Physi-
cal therapy included therapies designed to progressively
improve walking ability and other functional activities,
and stairs-walking according to the needs and progress of
each patient. Patients participated in a progressive pro-
gram involving range of motion exercises, strengthening
exercises, and functional training. No patient received
outpatient physical therapy.

Muscle composition

Muscle composition of the operated limb was evaluated
by computed tomography (CT) performed for preop-
erative planning within 2 weeks before THA. Muscle
composition of the glutei medius and minimus and
the gluteus maximus was analyzed on a single axial CT
slice at the bottom end of the sacroiliac joint [15]. The
upper portion of the gluteus maximus originates from
the posterior iliac crest, while the lower portion of the
gluteus maximus arises from the inferior sacrum and
upper lateral coccyx [16]. Thus, the upper portion of
the gluteus maximus was evaluated almost exclusively
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at this level. Those muscle groups were manually out-
lined and thereafter automatically segmented based
on attenuation values: —29 to 150 Hounsfield units
(HU) using SYNAPSE VINCENT software (version
5.0, Fujifilm Co., Tokyo, Japan), according to our pre-
vious study [17]. The software electronically calculated
the cross-sectional area, in cm?, of the segmented total
muscle group (TM). High-density lean tissue that com-
prises little fatty infiltration is recognized as a measure
of LMM. Elevated levels of adipocytes between and
within muscle fibers in low-density lean tissue (LDL)
result in decreased CT density compared with LMM.
Intramuscular fat (mFAT) shows the lowest CT density.
Cross-sectional areas of LMM, in cm?, LDL, and mFAT
within each TM were measured electronically with the
software as the areas of pixels according to the defini-
tion by attenuation values: 30 to 80 HU for LMM, 0 to
29 HU for LDL, and — 190 to — 30 HU for mFAT [17,
18]. Representative images are shown in Fig. 1. IMAT
was defined as the summation of the areas of both LDL
and mFAT [17, 18]. As shown in our previous study
[17], the intra-class correlation coefficient (ICC) was
0.98-0.99 for muscle composition measurement. The
area of TM or each component was normalized for
the square of the patient’s height (cm?/m?). Alterna-
tively, LMM, LDL, mFAT, and IMAT were normalized
for the size of respective muscle by calculating a per-
centage of each measure relative to TM [17, 18], desig-
nated as LMM/TM, LDL/TM, mFAT/TM, and IMAT/
TM. Because alterations in the place of muscle section
by hip deformity may affect cross-sectional CT analy-
sis, this study excluded patients with hip deformity of
Crowe types 2, 3, and 4.
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Functional outcome measures

The following measures were assessed at admission
and at 6months postoperatively when functional per-
formance reached a plateau after THA [1]. Gait speed
was evaluated by timing a patient instructed to walk as
quickly and safely as possible across a 10-m course with
2-m acceleration and deceleration zones [4, 17]. Gait
speed (cm/s) was measured twice, and the faster speed
was used for analysis. TUG required a patient to rise
from an armed chair, walk 3m, turn around, and return
to sit on the chair. This test was timed in seconds and the
faster of the 2 trials was used for analysis [17, 19]. Iso-
metric muscle strength of ipsilateral hip abductor was
measured using a hand-held dynamometer as described
previously [20]. ICC ranged from 0.93-0.96 for measure-
ment of maximal isometric strength.

Statistical analysis

The normality of data was assessed by Shapiro-Wilk test.
Pairwise comparisons were made between preopera-
tive and postoperative gait function or muscle strength
by a 2-sample Wilcoxon’s rank sum test. Cohen’s d was
calculated for the comparison between two means. Pear-
son’s correlation coefficients were calculated to deter-
mine associations between preoperative variables and
gait function before and after THA. Stepwise multiple
regression analysis was performed to identify significant
explanatory variables for gait function after THA. Dif-
ferences were considered to be statistically significant at
P< 0.05. All analyses were performed using SPSS (ver-
sion 25.0, IBM-SPSS, Chicago, IL, USA). Our preliminary
estimation of 10 patients with unilateral primary THA
found a potential association between preoperative CT

Glutei medius
and minimus

Gluteus
maximus

and — 190 to — 30 HU, respectively, within each segmented TM

™ LMM

LDL mFAT

Fig. 1 Measurement of muscle composition on an axial image of computed tomography. Total muscle cross-sectional area (TM) of the glutei
medius and minimus or the upper portion of the gluteus maximus is segmented using the threshold of — 29 to 150 Hounsfield units (HU). Lean
muscle mass (LMM), low-density lean tissue (LDL), and intramuscular fat (mFAT) are colored as the pixels with the density of 30 to 80 HU, 0 to 29 HU,
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variables of ipsilateral hip abductors and gait function,
with Pearson’s correlation r=0.43. Using this prelimi-
nary correlation, a priori power analysis by the two-sided
bivariate normal model of correlation with G*power soft-
ware demonstrated that 40 patients would be needed to
detect significant differences, assuming a two-tailed type
I error rate of 0.05 and a power of 80%. Thus, 42 patients
in this study were considered to be sufficient.

Results
Table 1 shows preoperative muscle composition of the
glutei medius and minimus and the gluteus maximus.
Table 2 demonstrates preoperative and postopera-
tive gait function and hip abductor strength of the oper-
ated limb. Gait speed and TUG improved at 6 months
after THA compared with the preoperative data.
Similarly, ipsilateral hip abductor strength increased
postoperatively.
Pearson’s correlations were analyzed between preop-
erative muscle composition and gait function after opera-
tion (Table 3). LDL, LDL/TM, and IMAT of the glutei

Table 1 Preoperative muscle composition
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medius and minimus correlated negatively with post-
operative gait speed and positively with postoperative
TUG. TM, LMM and LMM/TM of the gluteus maximus
correlated positively with gait speed after THA whereas
mFAT/TM and IMAT/TM of the gluteus maximus corre-
lated negatively with gait speed after THA. Postoperative
TUG correlated negatively with LMM and LMM/TM of
the gluteus maximus and positively with mFAT/TM and
IMAT/TM of the gluteus maximus.

Pearson’s correlations were also calculated between
preoperative clinical data and gait function after THA
(Table 4). Postoperative gait speed correlated negatively
with age. Postoperative TUG correlated positively with
age. Preoperative gait speed correlated positively with
postoperative gait speed and negatively with postopera-
tive TUG. In contrast, preoperative TUG demonstrated
no correlation with postoperative gait function.

Table 5 shows the results of stepwise regression analy-
sis using the variables based on the results from Tables 3
and 4. From regression analysis using the 10 significant
variables for gait speed at 6 months (Tables 3 and 4), TM

Muscle composition ™ LMM LMM/TM LDL LDL/TM mFAT mFAT/TM IMAT IMAT/TM
(ecm?/m?)  (ecm*m?) (%) (cm?/m?) (%) (cm?/m?) (%) (cm?/m?) (%)

Glutei medius+minimus 134 (23) 75(26) 553(13.1) 35(09) 26.7 (7.0) 22(13) 176 (11.7) 57(2.0) 443 (18.0)

Gluteus maximus 92(23) 44 (2.7) 454 (19.8) 33(1.1) 37.1(11.4) 1.2(0.7) 143 (84) 46(15) 514 (17.8)

Data are expressed as mean (standard deviation). TM Segmented total muscle cross-sectional area, LMM Lean muscle mass area, LDL Low-density lean tissue area,

MFAT Intramuscular fat area, IMAT Intramuscular adipose tissue area

Table 2 Postoperative alterations in gait function and muscle strength

Preoperative 6 months Pvalues Cohen’sd

Gait speed (cm/sec)

mean (standard deviation), 95% confidence interval 80.6 (32.6), 70.4,90.7 105.2 (24.1),97.7,112.7 < 0.001 0.85
Timed Up-and-Go test (sec)

mean (standard deviation), 95% confidence interval 16.7 (163),11.6,21.8 9.0(3.5),7.9,10.1 < 0.001 0.63
Ipsilateral hip abductor strength (Nm/kg)

mean (standard deviation), 95% confidence interval 0.41(0.21),0.35,048 0.69 (0.23),0.61,0.76 < 0.001 1.24
Table 3 Pearson’s correlation coefficients between muscle composition and postoperative gait function
Glutei medius+minimus ™ LMM LMM/TM LDL LDL/TM mFAT mFAT/TM IMAT IMAT/TM
Gait speed —0.02 0.17 0.25 —0.39%* —0.34* —0.25 —0.22 —0.33% —0.28
TUG 0.20 —0.09 —0.24 0.53** 0.33* 0.20 0.13 0.36* 0.21
Gluteus maximus ™ LMM LMM/TM LDL LDL/TM mFAT mFAT/TM IMAT IMAT/TM
Gait speed 0.47%* 0.44%* 0.32* 0.06 —0.25 —0.19 —0.35% —0.04 —0.32%
TUG —0.30 —0.39*% —0.39*%* 0.08 0.29 0.22 0.34* 0.15 0.35%

TM Segmented total muscle cross-sectional area, LMM Lean muscle mass area, LDL Low-density lean tissue area, mFAT Intramuscular fat area, IMAT Intramuscular
adipose tissue area, TUG Timed Up-and-Go test. Values highlighted in bold are statistically significant (*P< 0.05 and **P<0.01)
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Table 4 Pearson’s correlation coefficients between preoperative data and postoperative gait function
Age BMI Ipsilateral hip Preoperative gait Preoperative TUG
abductor speed
Postoperative gait speed —0.43** —0.04 022 0.45%* —0.24
Postoperative TUG 0.38* 0.14 —-0.18 —0.41%** 0.14

BMI Body mass index, TUG Timed Up-and-Go test. Values highlighted in bold are statistically significant (*P <0.05 and **P<0.01)

Table 5 Stepwise regression analysis for postoperative gait function

Explanatory variables B SE(B) B t-ratio Pvalue 95% Cl Adjusted R?
Gait speed Gluteus maximus TM 0.050 0.015 0472 3.383 0.002 0.020, 0.080 0.203
TUG Glutei medius4+minimus LDL 2.041 0.521 0527 3.921 <0.001 0.989, 3.094 0.260

B partial regression coefficient, SE Standard error, 8 Standardized partial regression coefficient, C! Confidence interval, R? Coefficient of determination, TUG Timed
Up-and-Go test, TM, segmented total muscle cross-sectional area, LDL Low-density lean tissue area

of the gluteus maximus was selected as the variable that
explained 20.3% of gait speed after THA. Regression
analysis using the 9 significant variables for postopera-
tive TUG (Tables 3 and 4) showed that LDL of the glutei
medius and minimus was identified as the variable that
explained 26.0% of TUG at 6 months.

Discussion

Currently, it remains uncertain what preoperative fac-
tors link to suboptimal outcomes after THA. This study
evaluated preoperative muscle composition, LMM, LDL,
mFAT, and IMAT as combination of LDL and mFAT
within TM of the glutei medius and minimus and the glu-
teus maximus by CT software. Quantification of preop-
erative muscle degeneration in relation to postoperative
gait function has not received sufficient attention. This
study provides the first evidence that preoperative hip
abductor muscle composition of the operated limb may
at least partially correlate with gait function at 6 months
after THA when postoperative functional recovery
arrives at a plateau [1].

TM of the upper gluteus maximus was found to be the
explanatory variable of gait speed with positive correla-
tion after THA. Restriction of hip extension during the
late stance phase of gait in patients with osteoarthritis
may cause disuse atrophy of the lower gluteus maximus
that acts as the primary hip extensor [16]. In contrast, no
significant alterations are observed in the upper gluteus
maximus that works as the hip abductor [16]. The hip
abductors can be divided into superficial muscles like the
gluteus maximus with their insertion into the iliotibial
band and deeper muscles such as the glutei medius and
minimus with their insertion into the greater trochanter.
Ipsilateral glutei medius and minimus are smaller in
patients with unilateral hip osteoarthritis than in healthy
controls [21] or than the contralateral hip abductor [5].

Taken together, the upper gluteus maximus with no sig-
nificant atrophy could play a critical role in gait speed
after THA.

LDL of the glutei medius and minimus could be posi-
tively associated with TUG after THA. Recently, fatty
infiltration within the skeletal muscles has emerged as
a critical factor of muscle quality. IMAT resulting from
fatty infiltration may be a predictor of muscle function
in older individuals [22]. IMAT in the hip abductors cor-
relates with poor balance and mobility dysfunction com-
pared with IMAT in the distal thigh muscles in older
adults [18]. Fatty infiltration into the gluteus medius in
end-stage hip osteoarthritis is constantly observed in
contrast to its absence in healthy controls [12]. In addi-
tion, minor fatty infiltration within the gluteus minimus
is also found as a result of normal ageing [12]. Therefore,
increased LDL in the glutei medius and minimus, as a
part of IMAT, likely has a negative influence on postop-
erative TUG.

There is a substantial loss of muscular strength in
the ipsilateral limb before THA compared with the
contralateral limb before operation [23]. However, no
association is found between TUG at 7 months after
THA and preoperative strength of hip abductor of the
ipsilateral limb [20]. There is possibility that preopera-
tive muscle strength of the affected limb fails to reflect
the potential function because of pain during muscle
strength measurement [24]. In comparison of mus-
cle strength, preoperative muscle quality, like mus-
cle composition of the affected limb, may be highly
associated with gait function after THA. CT provides
high-quality image reconstruction and stable attenua-
tion values that aid in image segmentation to evaluate
muscle composition. Since CT is commonly employed
for preoperative planning, preoperative assessment
of hip muscle composition by CT could be helpful
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for prediction of functional recovery after THA. This
study indicates a possible association of larger TM of
the gluteus maximus and smaller LDL in the glutei
medius and minimus with better recovery of gait speed
and TUG after THA, respectively. Because low-density
muscle could decrease with aerobic exercise training
[25], effects of preoperative rehabilitation intervention
on muscle composition should be the subject of future
investigation.

In addition to CT, magnetic resonance imaging
(MRI) is an excellent tool to depict detailed muscle
structures. A recent study has shown atrophy and fatty
infiltration in the gluteus medius and gluteus minimus
in end-stage hip osteoarthritis by MRI [12]. In contrast
to quantitative measurement of muscle cross-sectional
areas, a semiquantitative grading system originally
described by Goutallier ez al. [26] is commonly used to
evaluate fatty infiltration into muscles by MRI. Thus,
quantitative analysis by CT density could be suitable
for assessment of muscle composition compared with
categorical grading evaluation by MRI.

This study has several limitations. First, this was a
monocentric retrospective study. All patients received
the same surgical technique and postoperative man-
agement, which could have influenced the results.
Second, there were no data on the muscle composi-
tion of the contralateral limb or the lower gluteus
maximus. Since preoperative hip abductor composi-
tion selected by the regression analyses could explain
up to 20-26% of postoperative gait function, there may
be other explanatory variables of gait function after
THA. Third, the pelvic alignment, the implant posi-
tion, and other confounding factors were not assessed
in this study. Whereas femoral offsets could influence
hip abductor strength after THA [27], a recent study
has shown that alterations in acetabular and femoral
offsets after THA have no effect on postoperative gait
function [28]. Fourth, it remains uncertain whether
patients with bilateral symptomatic osteoarthritis or
severe hip deformity may show similar results. Fifth,
muscle composition was evaluated on a single axial CT
slice. Although the cross-sectional area of the gluteus
medius measured at the inferior point of the sacroil-
iac joint correlates with both the muscle volume and
peak isometric strength [16], measurements in axial
CT images are potentially variable and may depend
on the place of section. In addition, this study failed to
employ adjustment with bone mineral reference phan-
tom, which can ensure greater accuracy in assessing
muscle degeneration using CT data [29]. Lastly, skele-
tal muscle mass is smaller in women than in men [30].
Future studies may need to analyze muscle composi-
tion of male and female patients separately.
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Conclusions

This study has provided the first evidence that the cross-
sectional area of the upper portion of the gluteus maxi-
mus and the area of low-density lean muscle in the glutei
medius and minimus of the affected limb before THA
are partially associated with gait function after THA.
Preoperative predictors potentially assist identification
of patients at risk for functional difficulties after THA.
Addition of muscle composition to preoperative risk
assessment could offer further information to develop
a screening instrument for identification of high-risk
patients.

Abbreviations

THA: Total hip arthroplasty; TUG: Timed Up-and-Go test; BMI: Body mass index;
LMM: Lean muscle mass; IMAT: Intramuscular adipose tissue; CT: Computed
tomography; HU: Hounsfield units; TM: Segmented total muscle; LDL: Low-
density lean tissue; mFAT: Intramuscular fat; ICC: Intra-class correlation coef-
ficient; MRI: Magnetic resonance imaging.

Acknowledgements
The authors thank the physical therapists and the radiological technologists at
Kobe City Medical Center General Hospital for their valuable supports.

Authors’ contributions

TY: conceptualization, data curation, formal analysis, investigation, methodol-
ogy, validation, writing; SO: conceptualization, data curation, investigation,
validation; SY: data curation, investigation, validation; YT: data curation, investi-
gation, validation; EO: data curation, investigation, validation. All authors read
and approved the final manuscript.

Funding
This research did not receive any specific grant from funding agencies in the
public, commercial, or not-for-profit sectors.

Availability of data and materials
Not applicable.

Declarations

Ethics approval and consent to participate

This retrospective study using anonymized data with a general opt-out pro-
cedure was approved by the institutional review board of Kobe City Medical
Center General Hospital (Approval number: k201213).

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interest.

Received: 28 January 2022 Accepted: 29 April 2022
Published online: 01 July 2022

References

1. Jones CA, CoxV, Jhangri GS, Suarez-Almazor ME. Delineating the impact
of obesity and its relationship on recovery after total joint arthroplasties.
Osteoarthr Cartil. 2012,20(6):511-8.

2. Halawi MJ, Jongbloed W, Baron S, Savoy L, Williams VJ, Cote MP. Patient
dissatisfaction after primary total joint arthroplasty: the patient perspec-
tive. J Arthroplast. 2019;34(6):1093-6.

3. Oosting E, Hoogeboom TJ, Appelman-de Vries SA, Swets A, Dronkers
JJ, van Meeteren NLU. Preoperative prediction of inpatient recovery of



Yasuda et al. Arthroplasty

20.

21

22.

23.

(2022) 4:23

function after total hip arthroplasty using performance-based tests: a
prospective cohort study. Disabil Rehabil. 2016,38(13):1243-9.

Dobson F, Hinman RS, Hall M, Marshall CJ, Sayer T, Anderson C, et al.
Reliability and measurement error of the osteoarthritis research society
international (OARSI) recommended performance-based tests of physical
function in people with hip and knee osteoarthritis. Osteoarthr Cartil.
2017,25(11):1792-6.

Buirs LD, Van Beers LW, Scholtes VA, Pastoors T, Sprague S, Poolman RW.
Predictors of physical functioning after total hip arthroplasty: a systematic
review. BMJ Open. 2016;6:e010725.

Cinnamon CC, Longworth JA, Brunner JH, Chau VK, Ryan CA, Dapiton
KR, et al. Static and dynamic abductor function are both associated with
physical function 1 to 5 years after total hip arthroplasty. Clin Biomech.
2019,67:127-33.

Lawrenson PR, Crossley KM, Vicenzino BT, Hodges PW, James G, Croft

KJ, et al. Muscle size and composition in people with articular hip
pathology: a systematic review with meta-analysis. Osteoarthr Cartil.
2019;27(2):181-95.

Goodpaster BH, Carlson CL, Visser M, Scherzinger A, Harris TB, Stamm

E, et al. Attenuation of skeletal muscle and strength in the elderly: the
health ABC study. J Applied Physiol (1985). 2001;90(6):2157-65.

Frontera WR, Hughes VA, Lutz KJ, Evans WJ. A cross-sectional study of
muscle strength and mass in 45- to 78-yr old men and women. J Appl
Physiol. 1991;71(2):644-50.

Goodpaster BH, Park SW, Harris TB, Kritchevsky SB, Nevitt M, Schwartz
AV, et al. The loss of skeletal muscle strength, mass, and quality in older
adults: the health, aging and body composition study. J Gerontol A Biol
Sci Med Sci. 2006;61(10):1059-64.

. Marcus RL, Addison O, Dibble LE, Foreman KB, Morrell G, Lastayo P.

Intramuscular adipose tissue, sarcopenia, and mobility function in older
individuals. J Aging Res. 2012;2012:629637.

Kivle K, Lindland ES, Mjaaland KE, Svenningsen S, Nordsletten L. Gluteal
atrophy and fatty infiltration in end-stage osteoarthritis of the hip. Bone
Jt Open. 2021,2(1):40-7.

Crowe JF, Mani VJ, Ranawat CS. Total hip replacement in congenital dislo-
cation and dysplasia of the hip. J Bone Joint Surg Am. 1979,61(1):15-23.
Kuroda Y, Akiyama H, Nankaku M, So K, Matsuda S. Modified Mostardi
approach with ultra-high-molecular-weight polyethylene tape for total
hip arthroplasty provides a good rate of union of osteotomized frag-
ments. J Orthop Sci. 2015;20(4):633-41.

Homma D, Minato |, Imai N, Miyasaka D, Sakai Y, Horigome Y, et al.
Appropriate sites for the measurement of the cross-sectional area of the
gluteus maximus and the gluteus medius muscles in patients with hip
osteoarthritis. Surg Radiol Anat. 2021;43(1):45-52.

Grimaldi A, Richardson C, Durbridge G, Donelly W, Darnell R, Hides
J.The association between degenerative hip joint pathology and

size of the gluteus maximus and tensor fascia lata muscle. Man Ther.
2009;14(6):611-7.

Yasuda T, Honda S, Matsunaga K, Hashimura T, Tsukamoto Y, Ota S, et al.
Association of preoperative muscle composition of the lower extrem-
ity with gait function after total knee arthroplasty. J Orthop Sci. 2021.
https://doi.org/10.1016/j,0s.2021.10.001.

Addison O, Young P, Inacio M, Bair W-N, Prettyman MG, Beamer BA, et al.
Hip but not thigh intramuscular adipose tissue is associated with poor
balance and increased temporal gait variability in older adults. Curr Aging
Sci. 2014,7(2):137-43.

Podsiadlo D, Richardson S. The timed “up & go”: a test of basic functional
mobility for frail elderly persons. J Am Geriatr Soc. 1991;39(2):142-8.
Kamimura A, Sakakima H, Tsutsumi F, Sunahara N. Preoperative predictors
of ambulation ability at different time points after total hip arthroplasty in
patients with osteoarthritis. Rehabilitation Res Prac. 2014;2014:861268.
Zacharias A, Pizzari T, English DJ, Kapakoulakis T, Green RA. Hip abductor
muscle volume in hip osteoarthritis and matched controls. Osteoarthr
Cartil. 2016;24(10):1727-35.

Beavers KM, Beavers DP, Houston DK, Harris TB, Hue TF, Koster A, et al.
Associations between body composition and gait-speed decline: results
from the health, aging, and body composition study. Am J Clin Nutr.
2013;97(3):552-60.

Rasch A, Dalen N, Berg HE. Muscle strength, gait, and balance in 20
patients with hip osteoarthritis followed for 2 years after THA. Acta
Orthop. 2010;81(2):183-8.

24,

25.

27.

28.

29.

30.

Page 7 of 7

Arokoski MH, Arokoski JP, Haara M, Kankaanpaa M, Vesterinen M,
Niemitukia LH, et al. Hip muscle strength and muscle cross sec-

tional area in men with and without hip osteoarthritis. J Rheumatol.
2002;29(10):2185-95.

Prior SJ, Joseph LJ, Brandauer J, Katzel LI, Hagberg JM, Ryan AS. Reduc-
tion in midthigh low-density muscle with aerobic exercise training and
weight loss impacts glucose tolerance in older men. J Clin Endocrinol
Metab. 2007;92(3):880-6.

Goutallier D, Postel JM, Bernageau J, Lavau L, Voisin MC. Fatty muscle
degeneration in cuff ruptures. Pre- and postoperative evaluation by CT
scan. Clin Orthop Relat Res. 1994;304:78-83.

Ismailidis P, Kvarda P, Vach W, Cadosch D, Appenzeller-Herzog C,
Muindermann A. Abductor muscle strength deficit in patients after total
hip arthroplasty: a systematic review and meta-analysis. J Arthroplast.
2021;36(8):3015-27.

OhmoriT, Kabata T, Kajino Y, Inoue D, Kato S, Tsuchiya H. Contralateral
lower-limb functional status before total hip arthroplasty: an impor-
tant indicator for postoperative gait speed. J Bone Joint Surg Am.
2021;103(12):1093-103.

Momose T, Inaba Y, Choe H, Kobayashi N, Tezuka T, Saito T. CT-based
analysis of muscle volume and degeneration of gluteus medius in
patients with unilateral hip osteoarthritis. BMC Musculoskelet Disord.
2017;18(1):457.

Janssen |, Heymsfield SB, Wang ZM, Ross R. Skeletal muscle mass and
distribution in 468 men and women aged 18-88 yr. J Appl Physiol (1985).
2000;89(1):81-8.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions



https://doi.org/10.1016/j.jos.2021.10.001

	Association of preoperative variables of ipsilateral hip abductor muscles with gait function after total hip arthroplasty: a retrospective study
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 

	Background
	Patients and methods
	Patient selection
	Operation and postoperative rehabilitation
	Muscle composition
	Functional outcome measures
	Statistical analysis

	Results
	Discussion
	Conclusions
	Acknowledgements
	References


