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Aims

The gluteus minimus (GMin) and gluteus medius (GMed) have unique structural and func-
tional segments that may be affected to varying degrees, by end-stage osteoarthritis (OA)
and normal ageing. We used data from patients with end-stage OA and matched healthy
controls to 1) quantify the atrophy of the GMin and GMed in the two groups and 2) describe
the distinct patterns of the fatty infiltration in the different segments of the GMin and GMed
in the two groups.

Methods

A total of 39 patients with end-stage OA and 12 age- and sex frequency-matched healthy
controls were prospectively enrolled in the study. Fatty infiltration within the different seg-
ments of the GMin and the GMed was assessed on MRI according to the semiquantitative
classification system of Goutallier and normalized cross-sectional areas were measured.

Results

The GMin was smaller in the OA-group (p < 0.001) compared to the control group, but there
was no group difference in the size of the GMed (p = 0.101). Higher levels of fatty infiltration
were identified in the anterior segment of the GMin (p = 0.006) and the anterior (p = 0.006)
and middle (p = 0.047) segments of the GMed in the OA group. All subjects in the control
group had fatty infiltration of the anterior segment of the GMin, but all except one had no
fatty infiltration in the entire GMed.

Conclusion

End-stage OA was associated with significant atrophy of the GMin and higher levels of fatty
infiltration, particularly in the anterior segments of the GMin and GMed. Minor fatty infil-
tration of the anterior segment of GMin appears to be a normal part of ageing. Our study
has demonstrated different patterns of atrophy and fatty infiltration between patients with
end-stage OA and healthy matched peers.
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Introduction

In the past, osteoarthritis (OA) was solely
conceptualized as a degenerative joint
disease caused by mechanical stress which
affected the hyaline cartilage of the joint.
However, today OA is understood as a multi-
factorial disease which affects the whole
synovial joint and its adjacent muscula-
ture,’ but any causal relationship between
muscular dysfunction and the pathogenesis
of OA is unclear. Besides OA, senescence
and other diseases affecting the joint or the

adjacent muscles directly are likely to cause
muscular weakness and atrophy.? Reduced
size of the muscle is the most noticeable
part of atrophy, but atrophy also implies
fatty infiltration and changes in the muscle
structure.?

The hip joint is surrounded by the gluteus
minimus (GMin) and the gluteus medius
(GMed). They are complex, active stabilizers
of the hip joint during gait, with unique
structural and functional segments acting
as “muscles within muscles”.** The relative
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contributions of the different segments of the GMin and
GMed vary according to the position of the femur.** The
GMin consists of at least two functionally independent
segments: the anterior part with vertically orientated
fibres, which contracts most noticeably during the late
stance phase of a gait cycle, and the posterior part with
more horizontally orientated fibres, which is most active
in early stance phase.* Previous cadaveric and electromy-
ography (EMG) studies suggest that the GMed consists
of three independent segments; the anterior, middle and
posterior segments.>¢ The anterior part of the GMed assists
stabilization of the pelvis and contributes to its contralat-
eral forward rotation.® The vertically orientated fibres of
the middle part of the GMed convey a great abductor force
on the hip, and hence provide pelvic stability. The fibres of
the posterior part of the GMed run close to parallel to the
neck of the femur and, together with the GMin, stabilize
the head of the femur during gait.*

MRI offers detailed soft-tissue depiction, making it an
excellent tool to investigate soft-tissue structures such
as musculature and their corresponding pathologies
in vivo. A large retrospective MRI study demonstrated
increasing fatty infiltration of both the GMin and
GMed with advancing age.? Three systematic reviews
concluded that data on muscle size in patients with
OA were limited or presented moderate evidence for
atrophy in OA,”” but recent studies with data adjusted
to body weight suggest that atrophy of the GMin and
GMed is associated with advancing severity of both
clinical and radiological OA compared to a control
group.'®" In most cases, muscular atrophy is assessed
by the cross-sectional area (CSA) or volume of the
muscle, and these methods are almost equivalent in
this context.'>"

The purpose of this study was to investigate atrophy
and fatty infiltration of the GMin and GMed and their
segments in the setting of end-stage OA compared to a
healthy matched control group. To our knowledge, no
previous studies have investigated fatty infiltration of the
different segments of the GMin and GMed in OA.

Methods

A total of 41 consecutive patients with end-stage OA of
the hip were prospectively included in this study, together
with twelve age- and sex-matched healthy controls. The
trial was conducted in compliance with the Declaration of
Helsinki* and was approved by The Regional Committee
for Medical and Health Research Ethics (2011/2581) and
registered in the Clinical Trial Register (NCT01578746). All
participants signed a written consent form.

All the patients in the OA group were scheduled for
total hip arthroplasty, and were enrolled in a randomized
controlled trial (RCT) comparing approachesin hip arthro-
plasty surgery.” According to the Kellgren-Lawrence
scale,’® the OA was verified by plain radiographs which

corresponded to at least grade 2. The exclusion criteria
were as follows: 1) body mass index (BMI) above 35 kg/
m?; 2) previous surgery or fracture of the hip; 3) infection
or neoplasm; 4) dementia/psychiatric disease preventing
cooperation; and 5) contraindications to MRI including
pacemaker or other non-MRI compatible devices or
foreign bodies, pregnancy, and claustrophobia. From the
initially enrolled 41 patients, two were excluded because
of severe pain or discomfort resulting in an inability to
undergo an MRI scan. Therefore, 39 patients were avail-
able for further analyses.

Participants in the control group were age and sex
frequency-matched to the patients in the OA group. The
control group was included to assess the effect of OAin a
secondary data analysis acquired in the RCT. The control
group was recruited from hospital workers and from
flyers placed at the hospital. We excluded all subjects
with 1) OA in the lower limb; 2) previous hip surgery; 3)
any pain in the hip or groin during physical activity or at
rest; 4) present or previous rheumatic disorder, cancer,
or neurological disease involving the lower limbs; 5)
previous trauma in the hip area resulting in immobiliza-
tion; 6) BMI above 35 kg/m?; 7) any gait disorder; and
8) contraindications to MRI. They all had a clinical exam-
ination of the hip at study inclusion to ensure normal
range of motion and normal muscle strength, defined as
muscle activation against the examiner's full resistance,
and a negative Trendelenburg test after walking."” There
were no dropouts in the control group.

Patient characteristics. Baseline demographic and clini-
cal characteristics of the participants in both groups, in-
cluding age, sex, and BMI (n = 51), were collected prior
to the MRI examination. All the participants in the OA
group (n = 39) completed a patient-reported outcome
measure, Oxford hip score,'® Harris Hip Score,” and
Trendelenburg test'” after their walking was assessed by
a physiotherapist.

MRI. MRI was performed using a 1.5 T scanner (Siemens
Aera, Ehrlangen, Germany). The MRI scan included the
affected hip with its surrounding soft tissue in both
groups, covering the area from the iliac crest to the less-
er trochanter. The subjects were supine with the hip in
a neutral position. The MRI protocol was standardized?
and body-surface coils were used.

Image analysis. All the MR images were evaluated by
two independent experienced consultants (KK and ESL).
Interobserver discrepancies were resolved in a consensus
meeting. We have already demonstrated substantial re-
liability and agreement for MRI assessments of atrophy
(intraclass correlation coefficient (ICC) 0.93 to 0.98) and
fatty infiltration (average proportion of agreement 0.71,
mean Cohen's kappa 0.23 and mean prevalence-adjusted
kappa 0.53) of the GMin and GMed in a previous study.?

The CSA of GMin and GMed was evaluated separately
on transversal T1-weighted images (Figure 1). A line was
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Fig. 1
Transverse T1-weighted spin echo image, halfway between the tip of the
greater trochanter and the anterior superior iliac spine. Cross-sectional
areas of the gluteus minimus (green) and the gluteus medius (red). Other
anatomical structures: * lliacus muscle, ** llium, *** Piriformis muscle, ****
Gluteus maximus muscle.

drawn vertically from the tip of the greater trochanter
intersecting with a horizontal line at the level of the ante-
rior superior iliac spine. The halfway cross-section was
then selected, almost analogue to the inferior point of
the sacroiliac joint recommended in a recent study.' The
tracings of GMin and GMed were done manually, using
PACS Sectra software version 16 (Sectra, Sectra Worksta-
tion, Lindkdping, Sweden), to calculate the CSA of both
muscles. The total muscle mass is associated with body
weight,?' therefore all the values of CSA were normalized
to body weight (mm?/kg) (N-CSA).

Fatty infiltration of the gluteals (GMin and GMed) were
assessed on the transverse T1-weighted images. The slices
analyzed were at the lower third and upper third of the
distance between the tip of the greater trochanter and the
anterior superior iliac spine. Both muscles were divided
into three segments of similar size, a posterior, middle,
and anterior segment (Figure 2).?2 The mean value of the
scores across the two cross-sections for both observers
indicated the level of fatty infiltration for each segment.
The fatty infiltration was assessed using a semiquantita-
tive grading system originally described by Goutallier et
al?® for the rotator cuff muscles in the shoulder based on
CT. The grading system is, however, also suitable and reli-
able for the evaluation of the gluteal muscles on MRI.20:22
Grade 0 indicates no intramuscular fat; grade 1 implies
some fatty streak; grade 2 that fat is present, but less fat

Anterior

Lateral

.

Posterior

Fig. 2
Transverse T1-weighted spin-echo image of the upper part of the gluteal
muscles in a healthy control subject. The gluteus minimus (green) and
gluteus medius (red) are divided in three equivalent parts: * = anterior part,
**= middle part and *** = posterior part. Note the subtle fatty streaks in the
anterior part of the gluteus minimus (red arrow). The gluteus medius has
normal muscle without fatty infiltration.

than muscle tissue; grade 3 indicates equal amount of fat
and muscle tissue; and grade 4 implies definitively more
fat than muscle tissue.

Statistical analysis. Results were expressed as mean = SD
unless otherwise stated. For continuous variables, the
groups were compared by an two-sided independent-
samples t-test. The mean difference between the groups
with 95% confidence intervals (Cls) was calculated. The
categorical (ordinal) data were tested using the extension
of the Fisher's exact test by Freeman and Halton? (Fisher-
Freeman-Halton test) with two-tailed probabilities.
Goutallier grades 2 to 4 were merged for further analyses
to clearly discriminate moderate/severe fatty infiltration
from minor fatty infiltration (grade 1).

The sample size of the control group was small (n =
12), but the Shapiro-Wilk test?® indicated no significant
departure from normality, p = 0.197 (GMin) and p =
0.889 (GMed). A Q-Q plot of the expected and observed
values was constructed that did not show a considerable
departure from normality. The effect size was calculated
for the difference in means between the groups according
to Cohen.* The interpretations were as reported by
Cohen? and Sawilowsky:# d (0.01) = very small, d (0.2)
=small, d (0.5) = medium, d (0.8) = large, d (1.2) = very
large, and d (2.0) = huge.

Probability values of less than 0.05 were considered to
indicate a significant difference for all statistical analyses.
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Table 1. Demographic and clinical characteristics of the participant groups.

Characteristic OA group Control group p-value
Number of patients 39 12 N/A

Sex, N (M/f) 13/26 4/8 1.000%
Included hip, % (Right/left) ~ 62/38 58/42 1.000%
Mean Age, Yrs (SD) 65.8 (7.3) 68.1 (4.0) 0.1738§
Mean Height, cm (SD) 171 (10.2)  172(9.3) 0.6418§
Mean Weight, Kg (SD) 79.5(14.6) 78.3(10.2) 0.767§
Mean BMI, Kg/m? (SD) 27.2 (3.6) 26.3 (2.0) 0.320%
Trendelenburg test, % (Pos/  54/46 0/100 <0.001%
neg)

Mean Harris Hip Score (SD)* 54.7 (14.0) N/A N/A
Mean Oxford Hip Score (SD)t 23.8 (7.5) N/A N/A

*Score ranges from 0 to 100 (worst to best); < 70 is considered a poor
result.

FScore ranges from O to 48 (worst to best); < 27 is considered a poor
result.

fFisher's exact test

§Two-sided independent-samples t-test

BMI, body mass index; N/A, not applicable; OA, osteoarthritis.

Table II. Normalized cross-sectional areas for control and osteoarthritis
group.

Mean
Mean N-CSA, Control difference
mm?/kg (SD) OA group group (95% CI) p value*
Gluteus 13.3 (4.1) 18.8 (3.0) 5.5(3.0t08.1) <0.001
minimus
Gluteus medius 43.5 (6.7) 41.1 (3.4) -2.4 (-5.4t0 0.5) 0.101

*Two-sided independent-samples t-test
Cl, confidence interval; N-CSA , normalized cross-sectional area; OA,
osteoarthritis.

All the statistical analyses were conducted with SPSS v.
25 statistical software package (IBM, Armonk, New York,
USA).

Results

There were no statistical differences between groups in
terms of participant demographics (Table I). There were
21 in the OA group with a positive Trendelenburg test
(54%, 21 of 39) versus none in the control group (p <
0.001, Fisher's exact test).

Normalized cross-sectional areas in the osteoarthritis and
control group. The N-CSA of the GMin was significantly
lower in the OA group compared to the control group, 13.3
versus 18.8 mm?/kg (p < 0.001, two-sided independent-
samples t-test) (Table Il and Figure 3), and the mean differ-
ence was 5.5 mm?/kg (95% confidence interval (Cl) 3.0 to
8.1). The effect size was very large (d = 1.54).

The mean difference in N-CSA of the GMed between
the two groups was not significant (-2.4 mm?/kg (95%
Cl-5.4 t0 0.5; p = 0.101 two-sided independent-samples
t-test) (Figure 4), and the effect size was small (d = 0.46).
The OA group had a notably wider range of values than
the control group (30.4 to 11.7 mm?/kg).

Fatty infiltration in osteoarthritis and control group. The
anterior segment of the GMin had higher levels of
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Fig. 3

Boxplot of normalized cross-sectional areas (N-CSA) of the gluteus minimus
in the control and osteoarthritis (OA) group. The top and bottom of each
box represent the first and third quartiles of the distribution. The horizontal
line inside each box represent the median (second quartile).
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Fig. 4
Boxplot of normalized cross-sectional areas (N-CSA) of the gluteus medius in
the control and osteoarthritis (OA) group. The top and bottom of each box
represent the first and third quartiles of the distribution. The horizontal line
inside each box represents the median (second quartile).

fatty infiltration in the OA group compared to the control
group (p = 0.006, Fisher-Freeman-Halton test). However,
no one in either group had normal musculature with-
out intramuscular fat (grade 0) in the anterior segment
(Figure 5). No differences were identified in the middle
and posterior segments of the GMin (p = 1.000 and p =
0.417, Fisher-Freeman-Halton test).

Higher levels of fatty infiltration were identified in both
the anterior and middle segments of the GMed in the OA
group than in the control group (p = 0.006 and p = 0.047
respectively, Fisher-Freeman-Halton test) (Figure 6). There
were no differences in fatty infiltration in the posterior
segment between groups (p = 1.000, Fisher-Freeman-
Halton test). In the control group, with one exception,
no participant had fatty infiltration in the entire GMed.
Figures 2 and 7 show representative cases of fatty infiltra-
tion of the GMin and GMed in a healthy control subject
and a patient with end-stage OA.
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Fig. 5

Bar graph of fatty infiltration of the gluteus minimus in the control and osteoarthritis (OA) group. Results of grading the fatty infiltration in the anterior,
middle, and posterior part for both groups are shown. Green bars represent normal muscle (grade 0), yellow bars represent minor fatty infiltration (grade 1),

and red bars represent moderate/severe fatty infiltration (grade = 2).
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Fig. 6

Bar graph of fatty infiltration of the gluteus medius in the control and osteoarthritis (OA) group. Results of grading the fatty infiltration in the anterior, middle
and posterior part for both groups are shown. Green bars represent normal muscle (grade 0), yellow bars represent minor fatty infiltration (grade 1), and red

bars represent moderate/severe fatty infiltration (grade 22).

Discussion

This study demonstrates a distinct pattern of atrophy
and fatty infiltration of the GMin and GMed in patients
with end-stage OA compared to healthy matched peers.
Atrophy of the GMin and higher levels of fatty infiltra-
tion, particularly in the anterior segments of the GMin
and GMed, were found in end-stage OA. However, minor

fatty infiltration in the anterior part of the GMin was
present in all healthy matched controls in this study.
Skeletal muscle weakness and atrophy is an invariable
part of normal ageing.?® Fatty infiltration of the skel-
etal muscles is a marker of senescence, even in subjects
undergoing weight loss.? A previous study reported fatty
infiltration in the GMin and GMed in about one in five
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Fig. 7
Transverse T1-weighted spin-echo image in an osteoarthritic patient of the
gluteus minimus and gluteus medius. Note the moderate fatty infiltration in
the anterior and middle part, and subtle fatty streaks in the posterior part of
the gluteus minimus (red arrows). The gluteus medius has fatty streaks in the
anterior and middle parts (yellow arrows).

hips in people aged between 50 to 59 years, and four in
five above the age of 70 years.? However, in a younger
middle-aged population (aged 20 to 62 years) no age-
dependency was found in a cross-sectional study.? In
the present study, all the healthy controls had fatty infil-
tration in the GMin, with the anterior segment most
noticeably involved. The fatty infiltration in the anterior
segment could be due to disuse caused by reduced stride
length and concomitantly reduced peak hip extension in
healthy elderly participants.*® A previous study identified
minor (but no severe) changes in the GMed in healthy
controls,’ which is almost consistent with our results.
The results from the present study indicate a distinct
pattern of fatty infiltration in normal ageing.

As in the controls, the fatty infiltration was most
pronounced in the anterior segment of the GMin in the
OA group. The changes from OA come in addition to
the ageing changes demonstrated in the control group,
and there was a significantly higher portion of moderate-
severe fatty infiltration in the OA group (p = 0.006, Fisher-
Freeman-Halton test). The anterior partis attached directly
into the capsule, and it is possible that this part could be
affected indirectly by the intra-articular inflammation in
OA, or there may be a tear in the attachment. End-stage
OAresults in reduced range of motion in both the coronal
and sagittal plane, and considerable decreased extension
of the hip during the late stance phase,*' which may lead
to disuse, especially of the anterior part of the GMin in

OA with accompanying fatty infiltration. A recent EMG
study demonstrated that altered GMin activity is associ-
ated with ageing but, to an even greater extent, OA of
the hip.32 In this present study, fatty infiltration in the
anterior and middle segment of the GMed was present in
59% and 31% respectively in the OA group, and almost
nonexistent in the control group. The clinical importance
of the minor fatty infiltration in the GMed seems to be a
consistent finding, characteristic of OA.

The OA group demonstrated a significantly smaller size
of the GMin (p < 0.001, two-sided independent-samples
t-test), with a very large effect size (d = 1.54) compared
to the control group. There was no difference in the size
of the GMed between the groups, and the absence of
atrophy in the GMed is consistent with the minor fatty
infiltration in all parts of the GMed in the OA group.

Although there is clear evidence for reduced muscle
strength in OA of the hip, evidence is lacking for concom-
itant atrophy.”® This discrepancy could be explained by
neuromuscular adaptations in OA, which reduces the
muscular strength to a greater extent than the muscle
size.” However, the studies included in two of these meta-
analyses were heterogeneous with different measurement
methods and partially contradictory results.”? The most
recent meta-analysis was based on unadjusted data from
two cohorts, with no significant difference in muscle size
in OA when compared to controls, and very low to low
evidence of a smaller GMin and GMed when comparing
affected and unaffected limbs in OA.% Nevertheless, both
the GMin and GMed were significantly smaller in the OA
group when compared to healthy controls in the only
study presenting data normalized to body weight.”® A
recent study comparing mild and moderate-severe OA
to healthy controls demonstrated a significantly reduced
size of the GMin in both mild and moderate-severe
OA, but asymmetry of the GMed was only present in
moderate-severe OA."

Some previous studies have compared the affected
limb against the unaffected limb instead of a control
group.’** This could eliminate the between-person
confounding, but the supposedly unaffected limb is
probably affected by the OA, considering that end-stage
OA modifies the load and gait pattern which could affect
the muscles surrounding the contralateral hip.*'

There are limitations to this study that affect both the
internal and external validity. The effects of age and sex,
which were expected to be the main confounders, were
taken into account in the study design. However, there
could be other important confounders, such as physical
activity level and genetic differences between the groups,
influencing both the OA status and the atrophy of the
gluteal muscles. Pathologies of the tendons or adjacent
musculature has not been taken into account, which
could be a potential bias. The sample size was relatively
small, in particular the control group, but the limitations
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of the small sample size are to some extent offset by
the large effect size and significant results. Finally, the
matched case-control study design could not demon-
strate a clear causation between OA and atrophy and
fatty infiltration of the gluteal muscles.

In conclusion, the results of the current study indi-
cated that end-stage OA of the hip was associated
with significant atrophy of the GMin compared to the
healthy controls. Fatty infiltration of the GMed seems to
be a consistent finding characteristic of OA, not present
in the healthy controls. Our results also indicate that
minor fatty infiltration of the anterior part of the GMin
may be a part of normal ageing. The changes demon-
strated in end-stage OA are present before hip arthro-
plasty surgery and may influence the final result after
surgery.

Take home message

- There are distinct patterns of atrophy and fatty infiltration of
the gluteus minimus and medius in end-stage osteoarthritis
and normal ageing.

- End-stage osteoarthritis is associated with high levels of fatty

infiltration in the anterior part of the gluteus minimus and medius and
atrophy of the gluteus minimus.

=

References
1. Man GS, Mologhianu G. Osteoarthritis pathogenesis - a complex process that

involves the entire joint. J Med Life. 2014;7(1):37-41.

2. Chi AS, Long SS, Zoga AC, et al. Prevalence and pattern of gluteus medius and
minimus tendon pathology and muscle atrophy in older individuals using MRI.
Skeletal Radiol. 2015;44(12):1727-1733.

3. Hamrick MW, McGee-Lawrence ME, Frechette DM. Fatty infiltration of skeletal

muscle: mechanisms and comparisons with bone marrow adiposity. Front Endocrinol.

2016;7(15):69.

. Semciw Al, Green RA, Murley GS, Pizzari T. Gluteus minimus: an intramuscular
EMG investigation of anterior and posterior segments during gait. Gait Posture.
2014;39(2):822-826.

. Semciw Al, Pizzari T, Murley GS, Green RA. Gluteus medius: an intramuscular
EMG investigation of anterior, middle and posterior segments during gait. Journal of
Electromyography and Kinesiology. 2013;23(4):858—864.

. Gottschalk F, Kourosh S, Leveau B. The functional anatomy of tensor fasciae latae
and gluteus medius and minimus. J Anat. 1989;166:179-189.

. Marshall AR, Noronha Mde, Zacharias A, Kapakoulakis T, Green R. Structure
and function of the abductors in patients with hip osteoarthritis: systematic review
and meta-analysis. J Back Musculoskelet Rehabil. 2016;29(2):191-204.

. Lawrenson PR, Crossley KM, Vicenzino BT, et al. Muscle size and composition
in people with articular hip pathology: a systematic review with meta-analysis.
Osteoarthritis Cartilage. 2018.

. Loureiro A, Mills PM, Barrett RS. Muscle weakness in hip osteoarthritis: a
systematic review. Arthritis Care Res. 2013;65(3):340-352.

10. Zacharias A, Pizzari T, English DJ, Kapakoulakis T, Green RA. Hip abductor
muscle volume in hip osteoarthritis and matched controls. Osteoarthritis and
Cartilage. 2016;24(10):1727-1735.

11. Zacharias A, Green RA, Semciw A, English DJ, Kapakoulakis T, Pizzari T.
Atrophy of hip abductor muscles is related to clinical severity in a hip osteoarthritis
population. Clin Anat. 2018;31(4):507-513.

12. Momeose 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.

13. Homma D, Minato I, Imai N, 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. 2020;95.

14. World Medical Association. World Medical association Declaration of
Helsinki: ethical principles for medical research involving human subjects. JAMA.
2013;310(20):2191-2194.

Fy

(1]

(=]

~

(-

15. Mjaaland KE, Kivle K, Svenningsen S, Nordsletten L. Do postoperative results
differ in a randomized trial between a direct anterior and a direct lateral approach in
THA? Clin Orthop Relat Res. 2018.

16. Kellgren JH, Lawrence JS. Radiological assessment of Osteo-Arthrosis. Ann
Rheum Dis. 1957;16(4):494-502.

17. Hardcastle P, Nade S. The significance of the Trendelenburg test. J Bone Joint Surg
Br. 1985;67-B(5):741-746.

18. Murray DW, Fitzpatrick R, Rogers K, et al. The use of the Oxford hip and knee
scores. J Bone Joint Surg Br. 2007;89-B(8):1010-1014.

19. Harris WH. Traumatic arthritis of the hip after dislocation and acetabular fractures:
treatment by mold arthroplasty. An end-result study using a new method of result
evaluation. J Bone Joint Surg Am. 1969;51-A(4):737-755.

20. Kivle K, Lindland E, Mjaaland KE, Pripp AH, Svenningsen S, Nordsletten L.
The gluteal muscles in end-stage osteoarthritis of the hip: intra- and interobserver
reliability and agreement of MRI assessments of muscle atrophy and fatty
degeneration. Clin Radliol. 2018;675:e17—e24.

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

22. Pfirrmann CWA, Notzli HP, Dora C, Hodler J, Zanetti M. Abductor tendons and
muscles assessed at MR imaging after total hip arthroplasty in asymptomatic and
symptomatic patients. Radiology. 2005;235(3):969-976.

23. 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.

24. Freeman GH, Halton JH. Note on an exact treatment of contingency, goodness of fit
and other problems of significance. Biometrika. 1951;38(1-2):141-149.

25. Shapiro SS, Wilk MB. An analysis of variance test for normality (complete
samples). Biometrika. 1965;52(3-4):591-611.

26. Cohen J. Statistical power analysis for the behavioral sciences. 2nd ed. Hillsdale,
NJ: Lawrence Erlbaum Associates, 1988.

21. Sawilowsky SS. New effect size rules of thumb. Journal of Modern Applied
Statistical Methods. 2009;8(2):597-599.

28. Delmonico MJ, Harris TB, Visser M, et al. Longitudinal study of muscle strength,
quality, and adipose tissue infiltration. Am J Clin Nutr. 2009;90(6):1579—1585.

29. Marcon M, Berger N, Manoliu A, et al. Normative values for volume and fat
content of the hip abductor muscles and their dependence on side, age and gender in
a healthy population. Skeletal Radiol. 2016;45(4):465-474.

30. Kerrigan DC, Lee LW, Collins JJ, Riley PO, Lipsitz LA. Reduced hip extension
during walking: healthy elderly and fallers versus young adults. Arch Phys Med
Rehabil. 2001;82(1):26-30.

31. Leigh RJ, Osis ST, Ferber R. Kinematic gait patterns and their relationship to pain
in mild-to-moderate hip osteoarthritis. Clinical Biomechanics. 2016;34:12-17.

32. Zacharias A, Pizzari T, Semciw Al, English DJ, Kapakoulakis T, Green RA.
Comparison of gluteus medius and minimus activity during gait in people with hip
osteoarthritis and matched controls. Scand J Med Sci Sports. 2019.

33. Grimaldi A, Richardson C, Stanton W, Durbridge G, Donnelly W, Hides J. The
association between degenerative hip joint pathology and size of the gluteus medius,
gluteus minimus and piriformis muscles. Man Ther. 2009;14(6):605-610.

Author information:

m K. Kivle, MD, Consultant

® L. Nordsletten, MD, PhD, Clinical Professor of Medicine
Division of Orthopaedic Surgery, Oslo University Hospital, Oslo, Norway; Institute of
Clinical Medicine, Faculty of Medicine, University of Oslo, Oslo, Norway.

® E. S. Lindland, MD, Consultant, Department of Radiology, Sorlandet Hospital,
Arendal, Norway.

= K. E. Mjaaland, MD, Consultant, Institute of Clinical Medicine, Faculty of Medicine,
University of Oslo, Oslo, Norway; Department of Orthopaedics, Sorlandet Hospital,
Arendal, Norway.

m S. Svenningsen, MD, PhD, Retired, Department of Orthopaedics, Sorlandet
Hospital, Arendal, Norway.

Author contributions:

= K. Kivle: Acted as guarantor of integrity for the study, Conceptualized and designed
the study, Conducted the literature research, Analyzed the data, Conducted the
statistical analysis, Carried out the clinical and experimental studies, Prepared and
edited the manuscript.

= E. S. Lindland: Conceptualized and designed the study, Carried out the clinical
studies, Edited the manuscript.

= K. E. Mjaaland: Conceptualized and designed the study, Carried out the clinical
studies, Edited the manuscript.

= S. Svenningsen: Conceptualized and designed the study, Carried out the clinical
studies, Edited the manuscript.

= L. Nordsletten: Conceptualized and designed the study, Conducted the literature
research, Edited the manuscript.

BONE & JOINT OPEN



GLUTEAL ATROPHY AND FATTY INFILTRATION IN END-STAGE OSTEOARTHRITIS OF THE HIP 47

Funding statement:
= No benefits in any form have been received or will be received from a commercial
party related directly or indirectly to the subject of this article.

ICMJE COI statement:

= The authors declare no sources of conflict of interest in relation to this work. Each
author certifies that he or she has no commercial associations that might pose a
conflict of interest in connection with the submitted article.

Acknowledgements:

= S. Svenningsen is now retired but worked as a Consultant at Sorlandet Hospital at
the time of the study. The authors thank Angela Kivle for language editing and proof-
reading.

Ethical review statement:

™ The trial was conducted in compliance with the Declaration of Helsinki and was
approved by The Regional Committee for Medical and Health Research Ethics
(2011/2581) and registered in the Clinical Trial Register (NCT01578746). All partic-
ipants signed a written consent form.

© 2021 Author(s) et al. This is an open-access article distributed under the terms of
the Creative Commons Attributions licence (CC-BY-NC-ND), which permits unrestricted
use, distribution, and reproduction in any medium, but not for commercial gain, pro-
vided the original author and source are credited.

VOL. 2, NO. 1, JANUARY 2021



	Gluteal atrophy and fatty infiltration in end-­stage osteoarthritis of the hip
	Introduction
	Methods
	Results
	Discussion
	References
	Funding statement:
	Acknowledgements:




