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Abstract
Background It is a general belief among orthopedists that the muscle damage of the hip abductors after total hip arthroplasty
(THA) is theoretically minimal via posterior approach. However, there is little data scientifically supporting the purported
advantage. The purpose of this study was to quantifiably assess the injury to the gluteus medius (GMED) after THA via the
minimally invasive (MIS) posterior and the modified direct lateral (mDL) approaches.
Methods Sixty-four consecutive patients enrolled prospectively were randomly assigned to the MIS posterior and the mDL
approach groups. Three-dimensional MRI reconstruction of bilateral GMED, abductor strength measurement as well as post-
operative pain assessment were included in the analysis. Data were collected pre-operatively, six, 12, and 52 weeks post-
operatively.
Results Interestingly, in terms of the morphological changes of GMED, the MIS posterior approach showed a more significant
degeneration caused by the surgical trauma compared with the mDL approach in both muscle volume atrophy and fatty
infiltration from six to 52 weeks post-operatively. However, the improvement of abductor muscle strength on surgical side
and VAS pain score were comparable between the two groups during the entire follow-up.
Conclusion The injury of hip abductors after THA via posterior approach cannot be neglected. And, the planned detachment of
partial GMED tendon combinedwith the reconstruction in situ could also achieve the satisfactorymuscle recovery.Moreover, the
post-operative rehabilitation of abductor strength was the aggregated results of a battery of factors, especially the pain, not just
determined by the muscular morphological changes.
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Abbreviations
THA Total hip arthroplasty
GMED Gluteus medius
MIS Minimally invasive
mDL Modified direct lateral
EMG Electromyography
SGN Superior gluteal nerve

Introduction

Due to the so-called protection of hip abductors, there is sub-
stantial interest localized on the minimally invasive (MIS)
approaches of total hip arthroplasty (THA) [1–3]. It is gener-
ally accepted that, for the posterior approach, hardly any
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surgical dissection of the hip abductors should result in the
slightest muscle injury. On the contrary, the modified direct
lateral (mDL) approach from original Hardinge’s approach
has been considered to be one of the most violent options
for the abductor muscles [4–6].

Even so, there are still a handful of literatures refuting the
plausible viewpoints above through the cadaveric experiments
or electromyography (EMG) measurements [7–10].
Interestingly, these are studies that directly measure the dam-
age of the hip abductors after THA. However, whatever the
results, the previous researches related to the injury of the hip
abductors are relatively old and the methods have certain lim-
itations. Therefore, the related conclusions are not entirely
convincing. More importantly, no matter what surgical ap-
proach was used, poor hip abductor strength and gait abnor-
malities after THA were widely reported, which had a great
impact on the life quality of the patients [11–13].

Based on the above, this study aimed to address the following
two questions quantificationally by using three-dimensionalMRI
reconstruction technique: (1) whether the damage to the gluteus
medius (GMED) could be ignored through the MIS posterior
approach compared with the mDL approach; (2) whether the
rehabilitation of abductor strength was solely determined by the
morphological changes of abductor muscles.

Methods

Patients

This prospective study has been approved by Ethics
Committee of the First Affiliated Hospital of Chongqing
Medical University and each patient has signed an informed
consent. The methods were carried out in accordance with the
relevant guidelines and regulations. Meanwhile, the study has
been registered in Chinese Clinical Trial Registry (ChiCTR),
the Clinical Trial Registry Number is ChiCTR-IOR-
17013007. Four hundred and sixty-nine consecutive patients
prepared for THA were enrolled from March 2016 to
March 2017 including 278 males and 191 females with an
average age of 55.39 years (range, 19–80 years). Each patient
has signed the informed consent. Inclusion criteria comprise
admission diagnosis of the primary hip osteoarthritis.
Exclusion criteria consist of contralateral hip disease or surgi-
cal history, joint ankylosis or stiffness, suppurative
coxarthritis, femoral or acetabular osteotomy, ipsilateral sur-
gical history, severe systemic infection or tumor diseases, se-
vere medical diseases, muscle weakness, muscle dystrophy-
or muscle atrophy-related diseases, physical disability, or
mental illness. At last, 64 patients have met the criteria
(Fig. 1). Patients were randomly assigned to the MIS posterior
approach group (32 patients) or the mDL approach group (32
patients) using the opaque envelope method. During the

follow-up, ten patients (6 of the MIS posterior group, 4 of
the mDL group) withdrew or lost from the study for a variety
of reasons. In the end, 54 patients in this study were eligible to
have completed the entire assessments throughout the entire
follow-up (26 patients in the MIS posterior approach group,
28 in the mDL approach group). Demographic data of all
patients involved were registered (Table 1).

Surgical procedure

For the MIS posterior approach, the minimally invasive form
of that popularized by Gibson [14] was utilized: the tendon
insertion of the short external rotators including piriformis,
internal obturator muscle, superior gemellus, and inferior
gemellus were cut off; the posterior joint capsule was cut
through with a flap-shaped incision. Only the tendon of
piriformis in combination with the posterior joint capsule
was non in-situ reattached through a suture hole on the poste-
rior part of femoral great trochanter using the non-absorbable
suture (Ethibond) (Fig. 2).

ThemDL approachwas amodification of the approachwhich
was initially described byHardinge [15] with the detachment and
subsequent in situ repair of the anterior forth to third of the
tendons of GMED and gluteus minimus. Notably, the GMED
was incised to a maximum length of 3 cm to protect the superior
gluteal nerve (SGN) and the incision prolonging into the vastus
lateralis was strictly avoided (Fig. 3).

All the MIS posterior THAwere performed by one senior
surgeon with rich experience and all the mDLTHAwere com-
pleted by another veteran senior surgeon. No complications
were found in either group during the entire follow-up.
Patient-controlled intravenous analgesia as well as oral non-
steroidal anti-inflammatory drugs (NSAIDs) were routinely
administrated as post-operative pain control protocol. All the
patients followed the same post-operative rehabilitation pro-
tocol under instructions of physical therapists: passive and
active leg-raising training from the first day, partial weight
bearing walking from the third day, going up and down stairs
from seventh to tenth day. Surgical performers were blinded to
the randomization of the participants.

Three-dimensional MRI reconstruction technique

MRI was performed on a 1.5-T scanner (Signa HDxt, GE
MEDICAL SYSTEMS, USA) according to the standard proto-
col pre-operatively, six, 12, and 52 weeks post-operatively in our
hospital for all 54 patients and no data was missing. Images were
acquired in 4-mm slices using a flexible phased-array coil and
clinically established MRI sequences at our radiology depart-
ment. T1-weighted fast spin-echo (FSE) images were obtained
using configured scan parameters (TE, Min Full; TR, 760 ms;
matrix size, 512 × 512; bandwidth, 31.25 kHz; field of view,
480 mm; slice thickness, 4 mm; spacing, 0.5 mm). T2-
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weighted fast recovery with fast spin-echo (FRFSE) sequence
was also acquired (Auto TR, 2820 ms; Echo Train
Length(18 mm); matrix size, 512 × 512; bandwidth,

31.25 kHz; field of view, 480 mm; Freq, 228 kHz; slice thick-
ness, 4 mm; spacing, 0.5 mm). The use of coronal sections
established the first cut from the level of anterior superior iliac
spine to the middle of femoral shaft in each patient. The Digital
Imaging and Communications in Medicine (DICOM) data of all
the 54 bilateral hip joint MRI images were saved as DVD and
loaded into Mimics 17.0 (Materialise, Belgium). Two orthopae-
dic radiologists independently identified the contours of the bi-
lateral GMED using the LiveWare tool. If controversy existed
over the identification between the two researchers, a third pro-
fessional veteran musculoskeletal radiologist with decades of
experience would make the final determination. The range of
the reconstruction included all sections of the GMED that can
be clearly recognized on the coronal sections. Due to the influ-
ence of muscle atrophy, the number of the bilateral sections can
vary. The adipose threshold was determined based on the built-in
Bpredefined thresholds sets^ of Mimics software and was con-
sistent for each patient in both groups. The Cronbach’s alpha and
intraclass correlation coefficient for consistency between the two
radiologists on each thresholding value selection for all included
MRI images were 0.993 and 0.984 (95%CI = 0.972–0.990, F =

Fig. 1 Flow chart showing screening of patients

Table 1 Demographic data

Variable MIS posterior group mDL group p value

No. of patients 26 28
Age (years) 55.85 ± 17.62 54.96 ± 12.95 0.834
Gender
Male 15 (57.69%) 17 (60.71%)
Female 11 (42.31%) 11 (39.29%)

Height (cm) 162.92 ± 6.84 163.46 ± 5.49 0.749
BMI (kg/m2) 23.70 ± 4.55 23.52 ± 3.28 0.871
Surgical side
Left 14 (53.85%) 10 (35.71%)
Right 12 (46.15%) 18 (64.29%)

Blood loss (ml) 186.54 ± 68.64 194.64 + 69.84 0.669
Surgical time (min) 95.77 ± 11.22 97.14 ± 10.52 0.644
Incision length (cm) 9.42 ± 0.50 7.46 ± 0.51 < 0.01
Diagnosis Primary OA Primary OA

BMI body mass index, OA osteoarthritis, MIS minimally invasive, mDL
modified direct lateral

International Orthopaedics (SICOT) (2019) 43:2467–2475 2469



121.543, p < 0.01), respectively. After selection of the adipose
threshold, the Bnegative value^ operation was applied in the
course of the adipose tissue reconstruction in order to ensure that
the range of the two masks was exactly the same. The adipose
tissue was separated from the muscle through the Boolean oper-
ation. The volume of muscle, adipose tissue and the correspond-
ing fat-muscle ratio were calculated from the polygonal volume
and surfaces on the basis of the three-dimensional reconstruction
technique (Fig. 4).

Clinical assessment

Measurement of the bilateral abductor strength and VAS pain
score was conducted on each patient before operation, six, 12,
as well as 52 weeks post-operatively in our department and no
data was missing. The portable dynamometer (Lafayette
Manual Muscle Test System model 01163; Lafayette
Instrument Company, USA) was used for the abductor
strength measurement in a lateral decubitus position (Fig. 5).

Statistical analysis

Data analysis was performed by an independent statistician
using SPSS (Version 22; SPSS Inc., Chicago, IL). Univariate
analysis of continuous variables was compared with a para-
metric t test or a nonparametric Mann-Whitney U test. Power
and Precision software was used for the calculation of a

sample size. A p value less than 0.05 was deemed to be sta-
tistic significant.

Results

GMEDmorphology analysis by three-dimensional MRI
reconstruction

GMED volume

There was not a significant difference regarding the muscle
volume of the bilateral GMED preoperatively in both groups
(MIS posterior, p = 0.130; mDL, p = 0.099). At six weeks
post-operatively, compared with the contralateral side, the
GMED volume on the operated side decreased by 16.89% in
MIS posterior group (p < 0.01) and by 7.27% in mDL group
(p < 0.01), which were both statistically significant. The re-
markable change was seen at 12 weeks; no obvious recovery
of the GMED volume was observed via MIS posterior ap-
proach which still decreased by 14.05% (p < 0.01), while only
1.91% via mDL approach without significant difference (p =
0.098). After 52 weeks of rehabilitation, the GMED muscle
volume in MIS posterior group also returned to normal that
only decreased by 1.97% (p = 0.241) and 0.15% for mDL
group (p = 0.877) (Table 2). There was no significant change
in the GMED muscle volume on the contralateral side during
the entire follow-up (p > 0.05).

Fig. 3 a The L-shaped detachment of GMED tendon. b The curved incision of anterior joint capsule. c The in-situ reattachment of GMED tendon on
femoral great trochanter. (If the icon b could be the same color as a and c(black) or all the three icons are white.)

a b c

Fig. 2 a The detachment of hip external rotators tendon. b The flap-shaped incision of posterior joint capsule. c The non in-situ reattachment of
piriformis in combination with posterior joint capsule on posterior part of femoral great trochanter
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GMED fat-muscle ratio

Both MIS posterior and mDL groups were homogeneous for
pre-operative bilateral fat-muscle ratio (MIS posterior, p =
0.115; mDL, p = 0.139). At six weeks post-operatively, com-
pared with the contralateral side, the GMED fat-muscle ratio
on the operated side went up notably in both groups: 5.22%
higher in MIS posterior approach (p < 0.01) as well as 7.26%
higher in mDL approach (p < 0.01). Neither MIS posterior nor
mDL group showed prominent improvement in this ratio at
12 weeks with 7.21% augmented via the MIS posterior
(p < 0.01) and 5.01% increased through the mDL (p < 0.05)
approach. At 52 weeks, the GMED fat-muscle ratio barely
recovered to the normal level in both groups without statistical
difference (MIS posterior, 0.34% increased, p = 0.411; mDL,
0.03% increased, p = 0.915) (Fig. 6). There was no dramatic
change in the fat-muscle ratio on the contralateral side during
the entire follow-up (p > 0.05).

Clinical assessment

Isometric abductor muscle strength

Preoperatively, due to pain and disuse, the abductor muscle
strength of the affected side was significantly lower than that
of the contralateral side in both groups (MIS posterior,
35.53% reduced; mDL, 35.62% reduced; p < 0.01). At

six weeks post-operatively, neither MIS posterior group nor
mDL group presented an obvious amelioration of the muscle
strength (MIS posterior, 30.06% decreased; mDL, 39.60%
decreased; p < 0.01). The abductor strength increased rapidly
from six to 12 weeks, but there was still a statistical signifi-
cance compared to the contralateral side (MIS posterior,
14.31% decreased; mDL, 17.47% decreased; p < 0.01).
Eventually, at the 52-week follow-up visit, the abductor
strength on the operated side of both approaches reached the
normal level (MIS posterior, 0.86% decreased, p = 0.221;
mDL, 0.66% decreased; p = 0.127) (Fig. 7). There was no
remarkable difference in the isometric abductor strength on
the contralateral side during the entire follow-up (p > 0.05).

VAS pain score

There were no statistic differences between the two surgical
approaches in the post-operative pain from six to 52 weeks
(MIS posterior: 7.15, 5.62, 1.77, 0.69; mDL: 7.36, 5.71, 1.79,
0.68; Min p = 0.092).

Discussion

There is a considerable interest of minimally invasive THA
among orthopaedic surgeons for the potential enhanced recov-
ery due to the hip abductors release. Theoretically, no

a bFig. 5 a The portable
dynamometer (Lafayette Manual
Muscle Test System model 01163;
Lafayette Instrument Company,
USA). b The isometric abductor
muscle strength was measured in a
lateral decubitus position

a b

Fig. 4 a The typical three-dimensional MRI reconstruction of bilateral GMED. b The typical three-dimensional MRI reconstruction of bilateral GMED
with adipose tissue. (The yellow represents adipose tissue)
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measurable damage to the hip abductors should be seen via
MIS posterior approach because it possesses the attributes of
Babductor sparing.^ However, our results suggested that the
GMED also suffered the injury in the MIS posterior approach,
which was reflected in the muscular morphology, especially
the volume atrophy, and it cannot be negligible compared to
that of the direct lateral approach.

Muscle atrophy is the most visual morphological indicator
of muscle damage by inspection or imaging diagnosis.
Nevertheless, muscle atrophy cannot entirely account for
losses in muscle strength or dynamic function, suggesting that
the fatty infiltration is another important determinant [16–18].
Among few studies that directly evaluated the morphology of
the abductor muscles through either cadaver experiment or
MRI analysis, the majority of the conclusions were consistent
with this study. A cadaveric study conducted by R. Michael
Meneghini et al. reported the mean amount of damage reached
up to 18% of gluteus minimus muscular area, 2.85% of
GMED, and 22.81% of minimus tendon surface area in the

MIS posterior approach group which were all higher than the
Smith-Peterson approach group [19]. In another cadaver re-
search, the evidence of injury in 4.73% of GMED muscular
area, 8.62% of gluteus minimus, and 5.6% of medius tendon
surface area via MIS posterior THA has been found [20]. In
addition, Christoph A. Agten et al. completed a semiquantita-
tive assessment analyzing periarticular muscles changes after
four THA approaches by two-dimensional MRI in combina-
tion with Goutallier classification system, presenting that pos-
terior THA did induce a comparable injury to GMED and
gluteus minimus compared with the others [10]. Moreover,
A. Rasch et al. indicated that fat infiltration of the muscles
was slower to recover than size, which strongly supported
our findings [21].

Muscle injury is a result of multifactorial synergy, occurring
under various circumstances. It has been generally accepted
that the direct incision or detachment is likely to cause the
GMED damage. Nevertheless, inadvertent lesions of SGN or
blunt surgical injury by retractor could represent some other
problems, and eventually lead to a continued deficiency of
GMED [22, 23]. There is a common risk of the SGN damage
regardless of the THA approach used, including retraction, di-
rect dissection, compression due to haematoma or cicatricial
tissue, and thermal injury from methyl methacrylate [13]. In
practice, however, SGN damage is indeed frequently seen after
MIS posterior THA [12, 22]. J. J. Abitbol et al. reported abnor-
mal EMG findings on 77% of hip abductors due to the blunt
surgical trauma of SGN at six weeks and 35% at 52weeks post-
operatively via MIS posterior approach which was similar to
that of the direct lateral approach [14]. Another electromyogra-
phy study documented 53.3% of the SGN to GMED muscle

a b

Fig. 6 Mean ± standard deviation of GMED fat-muscle ratio on the op-
erated side in comparison with the contralateral side for both groups from
pre-operation to 52weeks post-operatively. a TheGMED fat-muscle ratio
in MIS posterior group increased by 0.29% (p = 0.115) pre-operatively,
5.22% (p < 0.01) at 6 weeks, 7.21% (p < 0.01) at 12 weeks, and 0.22%

(p = 0.411) at 52 weeks. b The GMED fat-muscle ratio in mDL group
increased by 0.34% (p = 0.139) pre-operatively, 7.26% (p < 0.01) at
6 weeks, 5.01% (p < 0.01) at 12 weeks, and 0.03% (p = 0.915) at
52 weeks

Table 2 Muscle volume atrophy rate of GMED via two approaches

Muscle volume atrophy rate

MIS posterior group mDL group

Pre-op 1.38% p = 0.13 1.68% p = 0.099

6 weeks 16.89% p < 0.01 7.27% p < 0.01

12 weeks 14.05% p < 0.01 1.91% p = 0.098

52 weeks 1.97% p = 0.241 0.15% p = 0.877

GMED gluteus medius, Pre-op pre-operation, MIS minimally invasive,
mDL modified direct lateral
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partially compromised through posterior approach, incorporat-
ing acute and chronic changes, probably as the result of blunt
laceration of the nerve [24]. Furthermore, late SGN palsy with
the potential consequence of GMED denervation induced by
the entrapment and pull of extensive scar tissues developed
from the detached short external rotators on account of the
normal anatomic variation that SGN run on the ventral surface
of piriformis is definitely another unexpected hidden factor via
posterior approach [25]. In addition to the SGN injury, violent
pull by retractors may also cause varying extent of blunt dam-
age to the involved muscles [21]. The MIS posterior approach
in our research, as with previous reports, GMED and gluteus
minimus being retracted anteriorly roughly for the better expo-
sure of acetabulum, and with the cicatricial tissues generated
from the detached short external rotators could result in the
GMED muscle blunt injury and SGN impairment. For the
mDL approach, the partial GMED tendon insertion was re-
leased from the greater trochanter which might reduce the ne-
cessity of strenuous retraction to abductors or SGN. Moreover,
the short external rotators remained intact thereby minimizing
the GMED damage caused by these factors. Beyond that, the
post-operative joint stability is equally important for the abduc-
tor muscles recovery [26]. Tetsu Yamaguchi et al. discovered
that the posterolateral reconstruction of the posterior capsule,
piriformis tendon, and other external rotators in MIS posterior
THA had significantly higher abductor muscle strength than
the non-reconstruction group due to the augmentation of the
hip joint stability and the stabilization of central bearing [27,
28]. In our study, although there were no patients with prosthe-
sis dislocation in both approaches, the stability of the hip joint
after theMIS posterior THAmight bemore worrying due to the
lack of posterior structural integrity. Hence, the comparable

GMED degeneration via MIS posterior THA appeared to be
reasonable. Additionally, for the mDL approach, it is not diffi-
cult to understand the degenerative performance of GMED
morphology at the very beginning of the post-operative period
for the detachment of the partial abductors tendon. However,
due to the in-situ reconstruction of the GMED tendon, the
changes of the muscle atrophy and the fatty infiltration were
not as obvious as previously reported during the entire follow-
up. As Jiří Chomiak et al. concluded in their study, the main
factor of adequate abductor recovery was probably a careful
reattachment of the origins of the gluteal muscles to the greater
trochanter [24].

Abductor muscle strength is another important parameter for
assessing the GMED injury. The whole-muscle force which was
generally dependent on its muscle quality decreased due to mus-
cle atrophy and intramuscular fatty accumulation [29–31]. In this
study, with the improvement of GMED muscle quality, the ab-
ductor strength on the surgical side gradually increased in both
groups while it was not completely parallel to the GMED mor-
phological changes. One of the important reasons for this was the
distinct post-operative pain on the surgical side until 52 weeks
post-operatively. VAS pain score did increase at these time
points, and the decrease of the VAS pain score was con-
sistent with the recovery of the abductor strength. In ad-
dition, the hip joint function was also affected by the post-
operative pain. For the mDL approach, the hip external
rotation function was worse than that of the contralateral
side in the early post-operative period, and with the re-
duction of post-operative pain, the function gradually
returned to normal. Therefore, the muscle strength and
the joint function were determined by multiple factors,
especially the pain or the fear of pain [26, 32].

a b

Fig. 7 Mean ± standard deviation of isometric abductor muscle strength
on the operated side in comparison with the contralateral side for both
groups from pre-operation to 52 weeks post-operatively. a The isometric
abductor muscle strength in MIS posterior group decreased by 35.53%
(p < 0.01) pre-operatively, 30.06% (p < 0.01) at six weeks, 14.31%

(p < 0.01) at 12 weeks, and 0.86% (p = 0.221) at 52 weeks. b The iso-
metric abductor muscle strength in mDL group decreased by 35.62%
(p < 0.01) pre-operatively, 39.60% (p < 0.01) at six weeks, 17.47%
(p < 0.01) at 12 weeks, and 0.66% (p = 0.127) at 52 weeks
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A limitation of this study was that patients did not complete
all the post-operative rehabilitation exercises at the same re-
habilitation centre after the hospital discharge. Although the
same protocol was established for every patient involved at
each follow-up visit, it could not fully ensure that each patient
accomplished the program as planned with quality and quan-
tity. In addition, factors such as pain management, quotidien
diet, and mental health after the hospital discharge were be-
yond our control, and these might ultimately affect the results.
However, these are determined by the national medicare sys-
tem that is hard to make a change at the individual level.
Another limitation was the sample size. It was closely related
to the number of patients undergoing THA in our department
each year. Furthermore, only the patients diagnosed with pri-
mary osteoarthritis were included, and we have demanded that
all operations of one THA approach must be performed by the
same surgeon. Nevertheless, the sample size still met the min-
imum requirement for this study. Of course, a larger sample
size would undoubtedly increase the repeatability of the re-
sults. There are several classic approaches for THA, and each
approach has its own advantages and disadvantages, so it is
meaningless to simply compare them. We hope to identify
more problems that have long been ignored by orthopedists
and improve the post-operative results of each approach. And,
the further researches are in progress.

Conclusion

In conclusion, surgical approach in THA is an area of debate
among orthopedic surgeons, especially on the release of the hip
abductors. After analyzing the results of this study, we cannot
support the contention that a MIS posterior THA is done reliably
without compromising any abductors, at least not on the GMED.
The blunt surgical injury of abductors should not be
underestimated. In addition, the planned detachment combined
with the in-situ reconstruction in mDL approach may not neces-
sarily cause the irreversible damage to the GMED. It is also
worth noting that postoperative rehabilitation of abductor muscle
strength is conjunct results of multiple factors, especially the
pain, rather than determined by themusclemorphological chang-
es or a certain surgical approach alone.
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