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a b s t r a c t

Background: There is controversy in literature whether the direct anterior approach (DAA) results in less
muscle damage compared with the posterolateral approach (PLA) for total hip arthroplasty. The aim of
this randomized controlled trial was to assess muscle damage between these two approaches.
Methods: Forty-six patients were included. Muscle atrophy, determined with the Goutallier classifica-
tion, and muscle surface of twelve muscles were analyzed on magnetic resonance imaging images made
preoperatively and one year postoperatively. Differences in component placement after DAA or PLA were
assessed on radiographs. Harris hip scores and Hip disability and Osteoarthritis and Outcome Score were
used as functional outcomes.
Results: External rotator musculature was damaged in both approaches. After PLA, the obturator muscles
showed significantly more atrophy and a decrease in muscle surface. After DAA, the tensor fascia latae
showed an increased muscle atrophy and the psoas muscle showed a decreased muscle surface. An
increase in muscle surface was seen for the rectus femoris, sartorius, and quadratus femoris after both
approaches. The muscle surface of the gluteus medius and iliacus was also increased after PLA. No dif-
ference in muscle atrophy was found between the approaches for these muscles. The inclination angle of
the cup in PLA was significantly higher. No differences were found in functional outcomes.
Conclusion: Different muscle groups were affected in the two approaches. After PLA, the external rotators
were more affected, whereas the tensor fascia latae and psoas muscles were more affected after DAA.

© 2021 Elsevier Inc. All rights reserved.
Total hip arthroplasty (THA) remains one of the most successful
interventions in orthopedic surgery. The demand for THA is
increasing worldwide and patients are becoming younger, more
active, and demand a faster recovery. To accelerate postoperative
recovery several interventions have been introduced over the last
decades, such as fast-track recovery protocols andminimal invasive
THA [1e3]. The proposed benefits of these minimal invasive tech-
niques are a decrease in muscle damage, reduction of blood loss
and surgical time and, consequently, a decrease of the length of
hospital stay (LOS), and an accelerated postoperative recovery [2,3].
d any potential or pertinent
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The direct anterior approach (DAA) is considered a true minimally
invasive technique for THA because it uses intermuscular planes
without dissecting muscles [4].

In the Netherlands, the DAA is the most often used minimally
invasive approach for THA and its numbers have increased from
4.7% in 2010 to almost 32% in 2018, whereas the posterolateral
approach (PLA) remains the most performed approach [5]. Oppo-
nents of the DAA suggest that it is a technically more demanding
approach, has a steep learning curve, and that there is a higher risk
for revision because of femoral loosening [6e8]. However, this
proposed femoral loosening might be affected by the stem design
[9].

Several systematic reviews have been performed to assess dif-
ferences between the DAA and the PLA in terms of perioperative
and functional outcomes, with varying results [6,10e12]. The main
limitation of these reviews is that they included only a few



Fig. 1. MRI muscle surface measurement of the gluteal muscles.
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randomized controlled trials that reported heterogeneous results
and a short follow-up period. Furthermore, most of these reviews
do not focus on the invasiveness of the procedure. Studies with
biochemical serummarkers have shown a beneficial tissue-sparing
effect of the DAA [13,14]. However, this result was contradicted by
other studies [15e17]. As serum markers may be influenced by
patient characteristics and perioperative factors, we questioned
their use for measuring invasiveness of approach in our previous
study [17]. Moreover, a correlation between serum markers and
functional outcomes has not been found [15,17,18].

Magnetic resonance imaging (MRI) is influenced less by patient
characteristics and because the periarticular musculature can be
visualized adequately, it could provide a more reliable assessment
of the invasiveness of DAA. Furthermore, tendinopathies, fluid
collections, and other adverse tissue reactions can be assessed with
MRI [19]. In anMRI study, Bremer et al. found that the DAA resulted
in a reduced tissue damage compared with the transgluteal
approach [20]. Another study also found a beneficial effect of the
DAA in preventing soft tissue damage compared with three other
approaches [21]. However, these both are retrospective studies
with several limitations. Because the gluteal musculature remains
undisturbed with the DAA, the hypothesis is that these patients
have less tissue damage postoperatively compared with ap-
proaches that damage the gluteal muscles. Pfirrmann et al. found
that symptomatic patients had significant more fatty atrophy of the
gluteusmedius muscle comparedwith asymptomatic patients after
THA [22]. This suggests that muscle damage is associated with
muscle function and thus with functional outcome. However, few
studies exist that investigate the association between functional
outcomes and muscle damage. Müller et al. described less damage
and better functional outcomes with the minimally invasive ante-
rolateral approach than the lateral approach [23]. Another ran-
domized controlled trial found that the DAA resulted in a decrease
of muscle damage to the gluteal musculature compared with the
lateral approach, however, they did not find any correlation with
functional outcomes [14]. The authors suggested that the approach
and the amount of muscle damage do not have any influence on
clinical outcome. However, as the sample size of the study was
based on serum markers and not on functional outcome, this study
might have been underpowered to find an actual effect.

To the authors’ best knowledge, no randomized controlled trials
exist that measure muscle damage by means of MRI between the
DAA and the PLA. Therefore, we performed a randomized
controlled MRI study to measure the degree of muscle damage
between the DAA and the PLA.

Methods

Patient Selection

We performed a longitudinal randomized controlled trial. Pa-
tients with symptomatic primary or secondary osteoarthritis be-
tween the ages 18 and 70 years were included in the study and
were followed up to one year postoperatively. Patients with a his-
tory of previous surgery of the ipsilateral hip, peripheral neuropa-
thy, (active) arthritis, history of cerebrovascular disease, or
cognitive impairments were excluded. A cemented acetabular
component (Stanmore, Biomet Corporation, the Netherlands) and
an uncemented femoral component (Taperloc, Biomet Corporation,
the Netherlands) were placed in all patients. Patients of 70 years
and older were excluded for two reasons. First, muscle function and
mass are known to decline and muscle atrophy to increase in
elderly patients [24,25], and older patients are more sensitive to
muscle damage [26]. Second, patients younger than 70 years have
good bone stock, and an uncemented femoral component is placed
in this group of patients in our hospital. The femoral component
that is used in the study is made out of titanium alloy, which is
nonferromagnetic and therefore produces less scattering on MRI
for better assessment of the muscles. The surgical technique is
described in the supplemental files.

The study has been approved by the medical ethics committee
(RTPO nr.894, RTPO Leeuwarden, the Netherlands) and was regis-
tered in the Dutch Trial Register (NTR3926). An informed consent
was obtained before randomization. A random allocation set of the
type of THA approach was generated by means of a computer.
These allocations were then sealed in consecutively numbered
opaque envelopes. When the patient had given consent to be
included in the trial, the THA approach was randomly assigned by
opening the next sealed envelope by an independent investigator.

Sample Size Calculation

The aim of this study was to assess differences in muscle dam-
age between the DAA and the PLA bymeans of MRI. De Anta-Diaz et
al. compared the DAA with the direct lateral approach and found
significant more muscle atrophy for gluteus medius and minimus
[14]. Based on their results, a sample size was calculated with a
power of 80% and an alpha of 5%, a sample size of 38 patients,19 per
group, was needed. Considering a potential lost to follow-up of 20%,
46 patients were included.

Data Collection

Demographic data, preoperative diagnosis, height, weight, body
mass index, and American Society of Anaesthesiologists’ grade
were recorded preoperatively. Operative time and LOS were
assessed. Any complication during surgery and during the follow-
up period was noted. Functional outcome was assessed with the
Harris hip score (HHS) and the Hip disability and Osteoarthritis and
Outcome Score (HOOS) preoperatively and at the outpatient clinical
visit one year postoperatively. The HHS was used to assess
physician-reported functional status and range of motion [27]. The
HOOS consists of five subscales: pain, other symptoms, function in
daily living, function in sport and recreation, and hip-related
quality of life. The Dutch version of the HOOS has been proven to
be valid and reliable [28].



Table 1
Goutallier Grading System.

Goutallier Grade 0 No intramuscular fat is present
Goutallier grade 1 Some fatty streaks are present
Goutallier grade 2 Fat is evident, but less fat than muscle tissue
Goutallier grade 3 Equal amount of fat and muscle tissue
Goutallier grade 4 More fat than muscle tissue
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Radiographic Measurements

All MRIs were performed on a Philips Achieva dStream 1.5T
scanner, sw. version 5.4 (Philips MR Medical Systems International
B.V., Best, Eindhoven, the Netherlands). Protocol consisted of metal
artifact reduction sequences coronal STIR and T2W through the
whole pelvis and axial T1W and STIR and sagittal T1W of the
affected hip. The measurements were performed preoperatively
and one year postoperatively on transversal plane using methods
described in previous studies which showed good to excellent
interobserver and intraobserver reliability (Intraclass correlation
coefficient (ICC) values ranging from 0.72 to 0.99) [29,30].

Freehand region of interest muscle surface measurements and
atrophy assessment of twelve ipsilateral hip muscles were applied
on the axial T1W sequence (Fig. 1) [30,31]. MRIs of the flexor
muscles (sartorius, iliacus, psoas, and rectus femoris), extensor
muscle (gluteus maximus) abductor muscles (gluteus minimus,
medius, and the tensor fascia latae), and the external rotators
(piriformis, internal and external obturator, and the quadratus
femoris) were assessed by one radiologist (TM), who was blinded
for the THA approach.

Freehand region of interest muscle surface of the iliac and psoas
muscle was measured at the anterior superior iliac spine level.
External obturator, quadratus femoris, sartorius, rectus femoris,
and tensor fascia latae muscles were measured at the level of the
ischiadic tubercle. Piriformis muscle was measured at greater
sciatic foramen level, and gluteus minimus, medius, and maximus
at anterior inferior iliac spine level. Internal obturator muscle was
measured at the level of the apparent greatest surface.

Fatty atrophy was assessed using the Goutallier grading system
(Table 1) [32]. This grading system has been used in previous
research for the grading of fatty atrophy of muscles after hip sur-
gery [22,30].

Pelvic X-rays were obtained preoperatively and six weeks and
one year postoperatively. Position of the femoral and acetabular
components of the total hip prosthesis was measured on the
anteroposterior pelvic X-ray that was taken six weeks post-
operatively. TraumaCad software (Voyant Health, Petach-Tikva,
Israel) was used for the measurements. Inclination of the acetab-
ular component was measured by defining the angle between the
interteardrop line and the cup. Version of the cup was measured by
using the method described by Lewinnek et al. [33] Both the cup
version and inclination have been proven to have a high interob-
server and intraobserver reliability and have been proven to be a
reliable and valid method when compared with the gold standard
using 3D computed tomography scans [34e36]. Varus/valgus
alignment of the stem was measured by taking the angle between
the femoral shaft and the prosthetic component [37]. Acetabular,
femoral, and global offset (sum of acetabular and femoral offset)
measurements were obtained by measuring the differences be-
tween the preoperative and postoperative X-rays (Fig. 2). Offset
ratio was measured by dividing the postoperative offset by the
preoperative offset. A value < 1.0 meant an undercorrection of the
offset, whereas a value �1.0 meant restoration or overcorrection of
the offset. Preoperative and postoperative leg length discrepancies
(LLD) were measured by drawing an interteardrop line and the
most medial points of the lesser trochanter. Differences in LLDwere
calculated for the final analysis. Previous studies already showed
good to excellent intraobserver and interobserver variation using
the same measurements with this software [38]. However, we also
assessed the interobserver variability for all outcomes. The X-rays
of included patients were anonymized, randomized, and then
independently assessed by two authors (KR and BH), who were
thus blinded to the THA approach.
Statistical Analysis

To analyze the data SPSS (Statistical Package for the Social Sci-
ences, Chicago, Illinois) was used. A P-value of <0.05 was consid-
ered to indicate statistical significance. Descriptive statistics
(means, medians, standard deviations, and interquartile ranges)
were used to describe the subject characteristics and the results of
the groups. Student t-test was used for normally distributed
continuous clinical parameters, otherwise the Mann-Whitney U-
test was used.

For the analysis of muscle atrophy, the Goutallier classification
was dichotomized into two grades of atrophy: a Goutallier grade of
0 or 1 was considered as no or mild atrophy and a grade �2 as
moderate or severe atrophy. This dichotomization was based both
on previous studies and the fact that a muscle atrophy grade of two
and higher is more frequently found in symptomatic patients after
THA [14,22]. The chi-square test was used to assess differences in
the preoperative and postoperative muscle atrophy between the
DAA and PLA.

To assess differences in muscle surface measurements between
the preoperative and postoperative muscle surface within the same
approach, the Wilcoxon signed rank test was used. Linear regres-
sion analysis was performed to assess postoperative differences in
muscle surface between the DAA and PLA. In this analysis, the
preoperative muscle surface values were added, to correct for dif-
ferences at baseline between the approaches. Correlation analysis
for muscle atrophy and muscle surface and the preoperative and
postoperative differences in leg length and femoral and global
offset was performed with the Spearman test.

Intraclass correlation coefficients were calculated to determine
the interobserver variability of the measurements of the position of
the total hip prosthesis. Values < 0 were considered as a poor
agreement, 0.01-0.20 slight, 0.21-0.40 fair, 0.41-0.60 moderate,
0.61-0.80 substantial, and 0.81-0.99 as almost perfect agreement
[39]. Differences in cup and stem position and offset measurements
between the approaches were measured using the Mann-Whitney
U-test. Repeated measures ANOVA were used to assess differences
in leg length preoperatively and postoperatively.
Results

No significant differences were found in patients’ characteristics
between DAA and PLA groups (Table 2). For all 46 patients data
regarding functional outcome and radiographic measurements
were available, as there was no loss to follow-up at the final follow-
up. For the MRI measurements, 45 patients were analyzed, as one
patient in the DAA group was unwilling to undergo the one-year
postoperative MRI measurement because of claustrophobia (Fig.
3). Furthermore, one female patient in the DAA group had an ab-
sent quadratus femoris muscle, an anatomic variety which only has
been described in a few case reports. No differences in muscle
surface were found for other muscles in this patient.



Fig. 2. Postoperative offset measurement.

Fig. 3. CONSORT flow chart.
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Table 2
Demographic and Perioperative Data.

Perioperative Data DAA (N ¼ 23) PLA (N ¼ 23) P-Value

Gender (male/female)a 8/15 11/12 .37
Ageb 62 [9] 63 [15] .34
BMIb 27.8 [7.3] 28.6 [8.4] .83
ASA gradea .42
1 9 10
2 14 13

Operation side (left/right)a 13/10 9/14 .24
Anesthesia (spinal/general)a 19/4 20/3 .68
Preoperative Hb (mmol/L)c 9.3 [0.7] 9.1 [0.8] .30
Postoperative Hb (mmol/L)c 7.8 [0.9] 7.8 [0.9] .97
Surgical time (min) c 71 [7] 62 [7] .001
Blood loss (mL)b 340.1 [135.3] 245.2 [259.9] .21
LOS (d) b 1.0 [1] 1.0 [1] .95

DAA, direct anterior approach; PLA, posterolateral approach; BMI, body mass index;
ASA, American Society of Anaesthesiologists’ grade; Hb, hemoglobin; LOS, length of
hospital stay.

a Data are presented as N.
b Data presented as median [interquartile range].
c Data are presented as mean [SD].
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Demographics and Perioperative Data

Surgical time was 9 minutes longer in the DAA group (P ¼ .001).
This had no effect on the amount of blood loss, postoperative Hb
levels or LOS, and most patients could be discharged one day
Table 3
Postoperative Muscle Atrophy in Accordance With the Dichotomized Goutallier Scorea.

Muscles DAA (N ¼ 22)

No Atrophy Atrophy

Gluteus minimus
� Preoperative 9 [41%] 13 [59%]
� Postoperative 8 [36%] 14 [64%]

Gluteus medius
� Preoperative 9 [41%] 13 [59%]
� Postoperative 20 [91%] 2 [9%]

Gluteus maximus
� Preoperative 15 [68%] 7 [32%]
� Postoperative 15 [68%] 7 [32%]

Tensor facia latae
� Preoperative 15 [68%] 7 [32%]
� Postoperative 11 [50%] 11 [50%]

Rectus femoris
� Preoperative 22 [100%] 0 [0%]
� Postoperative 22 [100%] 0 [0%]

Sartorius
� Preoperative 21 [95%] 1 [5%]
� Postoperative 21 [95%] 1 [5%]

Iliacus
� Preoperative 22 [100%] 0 [0%]
� Postoperative 22 [100%] 0 [0%]

Psoas
� Preoperative 22 [100%] 0 [0%]
� Postoperative 21 [95%] 1 [5%]

Quadratus femoris
� Preoperative 20 [95%] 1 [5%]
� Postoperative 21 [100%] 0 [0%]

Piriformis
� Preoperative 22 [100%] 0 [0%]
� Postoperative 14 [64%] 8 [36%]

Obturator externus
� Preoperative 22 [100%] 0 [0%]
� Postoperative 18 [82%] 4 [18%]

Obturator internus
� Preoperative 22 [100%] 0 [0%]
� Postoperative 10 [45%] 12 [55%]

Data are presented as N [%].
DAA, direct anterior approach; PLA, posterolateral approach; Gtl, Goutallier classification

a A Goutallier grade of 0 or 1 was considered as no or mild atrophy and a grade �2 as
postoperatively (Table 2). There were no statistically significant
differences regarding other perioperative variables.
Muscle Atrophy and Muscle Surface Measurements

Table 3 shows the differences in the incidencemuscle atrophy in
both groups. In the DAA group, a decrease in the number of patients
with muscle atrophy was found between the preoperatively and
postoperatively. An increasewas seen for the TFL, the piriformis, and
the obturator muscles. In the PLA group, an increase in the number
of patients was seen for the piriformis and obturator muscles.

Between the approaches, the TFL showed a higher incidence of
atrophy one year postoperatively compared in the DAA group. For
the PLA group, the external obturator muscle showed a significant
increase in the incidence of muscle atrophy and a trend for muscle
atrophy was seen for the internal obturator.

Muscle surface measurements showed a significant increase of
the rectus femoris, sartorius, and quadratus femoris post-
operatively in both groups. In addition, an increase of the gluteus
medius and iliacus was seen in the PLA group. However, this in-
crease was nonsignificant between the groups. A significant dif-
ference between the groups was found one year postoperatively for
the psoas muscle in favor of the PLA group. Furthermore, as for
muscle atrophy, a significant decrease in muscle surface for the
piriformis and the obturator muscles in both groups one year
PLA (N ¼ 23) P-Value

No Atrophy Atrophy

13 [57%] 10 [43%]
14 [61%] 9 [39%] .20

21 [91%] 2 [9%]
21 [91%] 2 [9%] .96

13 [57%] 10 [43%]
13 [57%] 10 [43%] .42

18 [78%] 5 [22%]
18 [78%] 5 [22%] .048

23 [100%] 0 [0%]
23 [100%] 0 [0%] 1.00

22 [96%] 1 [4%]
23 [100%] 0 [0%] .30

23 [100%] 0 [0%]
23 [100%] 0 [0%] 1.00

23 [100%] 0 [0%]
23 [100%] 0 [0%] .30

22 [96%] 1 [4%]
20 [87%] 3 [13%] .09

23 [100%] 0 [0%]
11 [48%] 12 [52%] .29

23 [100%] 0 [0%]
7 [30%] 16 [70%] .001

23 [100%] 0 [0%]
5 [22%] 17 [78%] .11

with values 0-1 as no or mild atrophy, and values 2-4 as moderate of severe atrophy.
moderate or severe atrophy.



Table 4
Muscle Surface Measurements.

Muscles DAA (N ¼ 22) PLA (N ¼ 23) Regr. Co Eff. (95% CI) P-Value

Gluteus minimus
Preoperative 12.54 (3.12) 14.30 (3.39) 0.9
Postoperative 11.52 (2.61) 13.45 (3.05) (�0.4 to 2.2)
Postoperative difference .19
P-value .07 .07

Gluteus medius
Preoperative 26.97 (5.99) 23.70 (4.95) 2.0
Postoperative 26.63 (5.13) 26.94 (5.36) (�1.0 to 4.9)
Postoperative difference .19
P-value .69 .02

Gluteus maximus
Preoperative 43.87 (9.02) 41.59 (9.97) �0.01
Postoperative 43.96 (8.24) 42.10 (9.92) (�3.1 to 3.1)
Postoperative difference .99
P-value .71 .52

Tensor fascia latae
Preoperative 7.51 (2.54) 7.37 (2.11) �0.3
Postoperative 7.50 (2.87) 7.11 (1.81) (�1.0 to 0.5)
Postoperative difference .46
P-value .69 .28

Rectus femoris
Preoperative 6.19 (1.71) 6.16 (1.94) 0.2
Postoperative 6.50 (1.90) 6.70 (1.75) (�0.4 to 0.8)
Postoperative difference .46
P-value .10 .03

Sartorius
Preoperative 3.65 (0.90) 3.46 (0.92) �0.02
Postoperative 3.79 (0.98) 3.60 (0.86) (�0.2 to 0.2)
Postoperative difference .84
P-value .14 .02

Iliacus
Preoperative 11.76 (4.19) 11.23 (3.63) 0.9
Postoperative 11.46 (3.94) 11.87 (3.46) (�0.1 to 1.8)
Postoperative difference .08
P-value .53 .03

Psoas
Preoperative 6.53 (2.68) 6.76 (2.99) 0.8
Postoperative 6.21 (2.65) 7.04 (2.86) (0.2 to 1.4)
Postoperative difference .02
P-value .27 .16

Quadratus femoris
Preoperative 5.76 (2.31) 4.80 (2.29) 0.5
Postoperative 6.26 (1.95) 5.92 (3.27) (�0.6 to 1.6)
Postoperative difference .37
P-value .07 .001

Piriformis
Preoperative 9.16 (3.67) 8.64 (2.60) 0.2
Postoperative 5.93 (2.70) 5.91 (1.68) (�0.8 to 1.3)
Postoperative difference .66
P-value <.001 <.001

Obturator internus
Preoperative 10.30 (1.98) 10.49 (2.27) �1.2
Postoperative 7.31 (1.20) 6.13 (1.77) (�1.9 to �0.6)
Postoperative difference <.001
P-value <.001 <.001

Obturator externus
Preoperative 22.49 (4.68) 22.79 (5.06) �3.6
Postoperative 20.13 (5.11) 17.01 (4.12) (�6.1 to �1.2)
Postoperative difference .005
P-value .02 <.001

Data are presented as mean [SD].
DAA, direct anterior approach; PLA, posterolateral approach; Regr. Co Eff., regression coefficient; 95% CI ¼ 95% confidence interval.
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postoperatively. The only significant difference between the groups
was seen for both obturator muscles (Table 4).

For the DAA, a positive correlation was found for muscle surface
of the gluteus medius and difference in preoperative and post-
operative leg length (r ¼ 0.46, P ¼ .03). A negative correlation was
found for the muscle surface of the TFL and increase in femoral
offset (r ¼ �0.57, P ¼ .006). In the PLA group, a negative correlation
between the muscle surface of the piriformis and increase in
femoral offset (r ¼ �0.43, P ¼ .04) was seen and a positive
correlation between the increase of muscle atrophy of the internal
obturator and increase in femoral offset (r ¼ 0.43, P ¼ .047). No
significant correlations were found for other muscles.

Radiographic Measurements

Interobserver variation showed excellent reliability for both cup
inclination (ICC 0.99, 95% CI: 0.97-0.99) and version (ICC 0.97, 95%
CI: 0.94-0.98) and good reliability for stem alignment (ICC 0.65, 95%



Table 5
Radiographic Measurements 6 wk Postoperatively.

Radiographic Measurements DAA (N ¼ 23) PLA (N ¼ 23) P-Value

Cup inclinationa 47.0 [6.0] 52.0 [6.0] <.001
Cup versiona 18.0 [5.0] 17.0 [6.0] .48
Stem alignmenta 2.0 [2.0] 1.0 [1.0] .28
Preoperative LLDb �1.0 [4.0] �1.0 [6.0] .60
Postoperative LLDb 1.0 [6.0] 0.0 [6.0] .84
Difference preoperative and postoperative LLDb 1.0 [6.0] 3.0 [5.0] .33
Acetabular offsetb 23.0 [8.0] 30.0 [7.0] .43
Femoral offsetb 46.0 [7.0] 47.0 [11.0] .73
Global offsetb 76.0 [10.0] 74.0 [16.0] .90
Difference in acetabular offsetb �4.0 [3.0] �7.0 [7.0] .03
Difference in femoral offsetb 7.0 [9.0] 10.0 [11.0] .18
Difference in global offsetb 4.0 [5.0] 5.0 [7.0] .60
Acetabular offset ratio postop:preopb 0.5 [0.2] 0.8 [0.2] .04
Femoral offset ratio postop:preopb 1.2 [0.3] 1.2 [0.3] .17
Global offset ratio postop:preopb 1.1 [0.1] 1.1 [0.1] .56

DAA, direct anterior approach; PLA, posterolateral approach; LLD, leg length discrepancy.
a Data presented as median [interquartile range] degrees.
b Data presented as median [interquartile range] in mm.
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CI 0.14-0.85). Preoperative and postoperative LLD had an excellent
reliability (ICC 0.83, 95% CI 0.71-0.91 and 0.85, 95% CI 0.74-0.92,
respectively).

Interobserver measurements of preoperative offset also showed
excellent reliability for femoral offset (ICC 0.87, 95% CI 0.54-0.95)
and good reliability for acetabular offset (ICC 0.66, 95% CI 0.124-
0.857). Good interobserver reliability was found for postoperative
Fig. 4. Cup version a
femoral offset (ICC 0.79, 95% CI: 0.28-0.92) and acetabular offset
(ICC 0.71, 95% CI 0.39-0.86).

A significant higher cup inclination was found for the PLA, and
the number of outliers outside the “Lewinnek safe zones” was also
greater following (Table 5 and Fig. 4). Furthermore, difference be-
tween the preoperative and postoperative acetabular offset and
offset ratio was higher for the PLA.
nd inclination.



Table 6
Functional Outcomes One Year Postoperatively.

Functional Scores DAA (N ¼ 23) PLA (N ¼ 23) P-Value

HHS preoperativea 51.7 [6.7] 51.2 [8.9] .85
HHS 1y postoperativea 98.1 [2.8] 97.4 [4.5] .58
HOOS preoperativea 33.4 [16.0] 32.5 [13.5] .87
HOOS 1y postoperativea 85.2 [20.3] 85.1 [15.7] .99

Data are presented as N.
DAA, direct anterior approach; PLA, posterolateral approach; HHS, Harris hip score;
HOOS, Hip disability and Osteoarthritis Outcome Score.

a Data are presented as mean [SD].

Table 7
Complications.

Complications DAA (N ¼ 23) PLA (N ¼ 23)

Type of complication
Deep infection with reoperation 2 1
Dislocation with reoperation 10 11
NFCL lesion reported 1 0
Seroma formation 1 0
Myocardial infarction 0 1
Other (not surgery related) 0 1

Total 5 4

DAA, direct anterior approach; PLA, posterolateral approach; NFCL, nervus femoris
cutaneous lateralis.
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Functional Outcomes and Complications

No statistically significant differences in functional outcomes
were found between the two groups (Table 6). A total of nine
complications were registered, five in the DAA group and four in
the PLA group (Table 7). All patients with an infection were suc-
cessfully treated with a debridement only. One patient who was
treated for an infection had a dislocation shortly after the second
operation which was treated with a closed reduction. In the PLA
group, one patient with secondary osteoarthritis due to a previous
post-Perthes disease and a preoperative large LLD had a dislocation,
which was treated with a revision of the prosthesis.
Discussion

In the last decades, an increase is seen in minimally invasive
techniques for THA because of their proposed benefits. The DAA is
proposed to be a true minimally invasive approach because it uses
intermuscular planes without dissecting any muscles. Previous
comparative studies between the DAA and the PLA on muscle
damage have shown contradictive results. Therefore we performed
a randomized controlled trial in which muscle damage was
compared using MRI. To date, no studies exist that have evaluated
the muscle damage between these two approaches in a random-
ized trial.

We found increased fatty atrophy of the TFL for the DAA,
although no decrease was seen in muscle surface. An increase in
femoral offset also had a negative influence on the muscle surface
of the TFL in the DAA group, although the mean muscle surface did
not show a significant difference. Fatty atrophy can be explained by
traction on the TFL during the exposure of the hip in the DAA and
the fact that the circumflex artery is cauterized during the
approach. When the insertion of the muscle on the iliac crest is not
damaged, regeneration and restoration of the muscle can be ex-
pected after three to six months, which may explain why the
muscle surface remains the same. In the DAA group, the number of
patients with muscle atrophy of the gluteus medius was lower than
the PLA group. This might be because it has been shown that pa-
tients with osteoarthritis show a greater muscle atrophy of the
gluteal muscles [40]. Because the gluteal musculature is spared in
the DAA and the patient can ambulate without pain and with a
normal gait postoperatively, the atrophied muscles can be restored
to normal. This effect might contribute to a faster functional re-
covery after the DAA. Furthermore, for both approaches, an in-
crease in fatty atrophy and a decrease in muscle surface for the
piriformis and internal and external obturator were found. For the
PLA, the external obturator showed a significant increase in muscle
atrophy and the same trendwas also seen for the internal obturator
compared with the DAA. Both obturator muscles also had a sig-
nificant decrease in muscle surface when compared with the DAA.
In contrast to several other studies, in which the Goutallier grade
was assessed as continuous parameters, we chose to dichotomize
the Goutallier grade because it is a nominal scale. Previous studies
in shoulder surgery have shown that a grade of two and higher has
a negative influence on functional outcome compared with a grade
of 0 or 1 [41]. We also used this dichotomization based on a pre-
vious studies [14,22]. This difference in analysis can have an in-
fluence when comparing our data with that of other studies.
Therefore, we also analyzed the Goutallier classification as a
continuous parameter. There we found comparable results, with
the addition that the internal obturator was significantly more
affected after PLA (Supplemental Table 1).

For the femoral exposure in the DAA, the superior capsule is
released as well as the conjoined tendon of the gemelli and internal
obturator muscles in most cases. Dissection of the piriformis and
the external rotators is less frequently needed for adequate expo-
sure [42]. However, traction on the femur during the exposure
could potentially damage the posterior muscles. In our study, the
release of the capsule, and conjoined tendon in some cases, resul-
ted in adequate exposure, and no additional releases were neces-
sary. Other intraoperative muscle damage that could have
influenced the results was not observed. Cadaveric studies
comparing the anterior and posterior approach showed that the
posterior structures are equally damaged with both approaches
[43,44]. These studies are limited because of the regeneration in
time cannot be objectified and the lack of clinical correlation. More
important, cadaveric muscles are less strong, and the failure to
stress is lower than in living muscle tissue [45].

Previous studies showed that there is a high failure rate of
posterior tissue repair after the PLA [46,47]. In a retrospective MRI
study by Agten et al. also found that the external rotators are
damaged more often in the posterior approaches when compared
with the anterior or anterolateral approach [21].

One study comparing the anterior and posterior approach found
a decreased external and internal range of motion in the posterior
group [48]. Although there is conflicting evidence on the clinical
importance of the posterior soft tissue repair, studies suggest that
this has a negative influence on dislocation rate and functional
outcome [49e51]. In shoulder surgery, it has been shown that a
successful tendon repair can stop fatty infiltration and muscle at-
rophy can be restored. However, in case of failed tendon repair, the
fatty infiltration and muscle atrophy proceeds for three months
before it stabilizes [52]. Although there are no studies that have
described this in hip surgery, it can be hypothesized that similar
muscle changes take place after THA. With the DAA, the external
rotators are not dissected, and therefore, one can expect some re-
covery of muscles. Moreover, Uemura et al. showed that muscle
recovery can be seen even after two years after THA [53].

The most interesting finding in our study was an actual increase
in postoperative muscle surface for the rectus femoris, sartorius,
and quadratus femoris for both approaches compared with the
preoperative measurement. A significant increase was also found
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for the gluteusmedius and iliacusmuscles in the PLA. No significant
differences were found between the approaches for these muscles.
A significant difference in muscle surface was found for the psoas in
favor of the PLA. Several reasons can be given for these findings.
First, we found an increase in femoral offset in the PLA, although
this was not significantly different from the DAA. Increase in
femoral offset could result in an increased abductor strength and
better functional outcomes [54,55]. This might be a reason for hy-
pertrophy of the gluteus medius muscle. However, no correlation
was found between the offset and hypertrophy and an additional
subgroup analysis for the increase in femoral offset and increase in
muscle surface of the gluteus medius, also found no correlation,
probably due to the small numbers. Rasch et al. also described
similar findings with increase in muscle surface of the adductors,
iliopsoas, vastus muscles, and hamstrings six months and two years
after THA. However, muscle surface of the gluteusmedius remained
unchanged. Interestingly, despite the increase in muscle surface in
their study, most muscles showed increase in muscle atrophy at
two years postoperatively [56]. The differencewith our study is that
their study used CT scans for the measurements and the landmarks
were potentially different.

No differences were found in functional outcomes measured by
the HHS and HOOS one year postoperatively. To date, no random-
ized controlled trials exist that correlated MRI findings with clinical
outcomes between the DAA and PLA. One study that compared the
anterior approach with the lateral approach showed comparable
results in functional outcomes, despite less muscle damage in the
anterior approach group [14]. In a prospective cohort study,
Winther et al. compared the posterior, anterior, and lateral ap-
proaches and also compared the operated and the nonoperated
legs. They found no differences in functional outcomes between the
anterior and posterior group one year postoperatively. However,
when compared with the nonoperated leg, leg symmetry for leg
press and abduction strength was reached only in the posterior
approach group one year postoperatively. They argued that the
posterior approach had the fastest muscular improvement [57].
Several other studies analyzing differences between the DAA and
the PLA in regard to functional outcome and gait analysis showed
beneficial functional outcomes for the DAA on the short term
[10e12,58e60]. Furthermore, no differences between the ap-
proaches were found after a follow-up of five years in one study
[61]. The reason for the faster short-term recovery in DAA is
probably the muscle sparing character of the approach and that the
gluteal musculature is spared. During leg stance, the gluteus min-
imus and medius play an important role in pelvic stability. It has
been shown that patients with osteoarthritis who have strong hip
abductor and flexor muscles have the best gait quality [62]. More-
over, Pfirmann et al. found that symptomatic patients after THA had
significant more fatty atrophy of the gluteus medius muscle
compared with asymptomatic patients [22]. In our study, the
femoral offset was slightly more increased in the PLA group in
comparison with the DAA. Because muscles need time to adapt to
their new position and regain strength, functional parameters may
be diminished in the PLA. This could explain why there is a slower
recovery in patients operated via the PLA during the first three
months. Therefore, the DAA can result in a faster recovery, faster
return to daily activities, and it also has potential financial benefits
[63].

Looking at the position of the cup and stem, we found that the
inclination for the DAA was within the “Lewinnek safe zones,”
whereas the inclination of the PLA was found more often outside
the safe zone. The cup version was within the “safe zones,” and no
significant differences were found between the approaches. Stem
alignment and differences in leg length also showed no significant
differences. Although the confidence interval of our interobserver
variation for stem alignment was large, the difference in degrees
was low and not clinically relevant. Comparable results were seen
in the study by Lin et al. [64] However, no differences were seen in
another randomized trial and two recent meta-analyses and
desired angles can be achieved in both approaches [11,12,65]. We
observed two patients with a dislocation, one in each group. The
patient in the PLA group also needed a revision because of the
dislocation.

Our study does have some limitations. First, this is the first study
in which twelve muscles in these two approaches are compared.
Therefore, the power to find differences for some muscles might be
low. However, we did find differences that are both statistically
significant as well as clinically relevant. In addition, we only
included patients who were below the age of 70 years. These pa-
tients have more muscle mass compared with older patients. In the
DAA, traction on stiff muscles does have some influence on muscle
damage. It would be interesting to evaluate muscle damage in the
older population. Furthermore, we only have one postoperative
MRI measurement. Although our study is the only one that
measured the amount of muscle damage both preoperatively and
postoperatively, it would be interesting to assess the amount of
muscle damage after three to six months and after two years
postoperatively to gain insight into the level of muscle damage at
the more long-term. Fourth, although all MRIs were performed
with the same protocol, the rotation of the leg and pelvic tilt during
the scan might have been different between patients, which may
have influenced the measurements. However, because this is a
randomized controlled trial, the same issues would occur in both
groups, thereby reducing chance of bias. Moreover, in the study by
Uemura et al. the difference in pelvic tilt between the first and
second scans was only 0.2� [53]. Finally, although we did not find
differences in our study groups in the HHS and HOOS scores, we did
not assess postoperative gait or muscle strength that could have
been associated with the MRI outcomes. To address this issue, we
are now performing a larger randomized trial to compare func-
tional outcomes, as well as PROMs both on the short-term and
longer term follow-up for these approaches [66].

In conclusion, we found that muscle damage is present in both
approaches. An increased muscle atrophy was found for the
external obturator, and a decreased muscle surface was seen for
both obturator muscles after the PLA compared with the DAA one
year postoperatively. Compared with the PLA, the DAA showed an
increased muscle atrophy for the tensor fascia latae muscle and a
decreased muscle surface area for the psoas muscle at the final
follow-up. In both approaches, a postoperative increase in muscle
surface was seen for the rectus femoris, sartorius, and quadratus
femoris. In addition, the muscle surfaces of the gluteus medius and
iliacus showed an increase in the PLA group. No postoperative
difference was found between the approaches for these muscles.

Furthermore, future studies should focus on differences in
muscle damage in older patients, as well as on gait parameters, leg
strength, and patient-related outcome measurements between the
two approaches and correlate these results with objective muscle
damage measurements both on short term and long term. Until
results from well-designed, large randomized controlled trials are
available, the choice for approach should be surgeon dependent
because both approaches provide excellent outcomes.
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Appendix

Surgical Technique

All surgical interventions were performed in a large teaching
hospital. The patients were operated in a high-volume hospital by
three orthopedic surgeons (BH, BK, and MS) who all have extensive
experience with both approaches and are far beyond the proposed
learning curve of 100 patients for the DAA [67]. For the DAA, the
patient is placed in a supine decubitus position. The skin incision is
made over and in the direction of the lateral part of the femoral
head and neck. After division of skin and subcutis, the interval
between the tensor fasciae latae muscle and the sartorius muscle is
identified and the overlying fascia is opened. In this part of the
operation, care was taken to avoid damaging the lateral femoral
cutaneous nerve. The intermuscular plane between the tensor
fasciae latae and sartoriusmuscles is developed further down to the
hip capsule. Subsequently, the hip capsule is opened, allowing ac-
cess to the hip joint. Next, osteotomy of the femoral neck, removal
of the femoral head, and reaming of the acetabulum is performed.
Supplemental Table 1
Mean Goutallier Scores for Muscle Atrophy.

Muscles DAA (N ¼ 22)

Gluteus minimus
Preoperative 1.62 (0.92)
Postoperative 1.71 (0.85)
P-value .32

Gluteus medius
Preoperative 0.71 (0.71)
Postoperative 0.62 (0.67)
P-value .16

Gluteus maximus
Preoperative 1.05 (0.81)
Postoperative 1.10 (0.77)
P-value .32

Tensor fascia latae
Preoperative 1.24 (0.77)
Postoperative 1.62 (0.87)
P-value .003

Rectus femoris
Preoperative 0.10 (0.30)
Postoperative 0.10 (0.30)
P-value 1.00

Sartorius
Preoperative 0.14 (0.48)
Postoperative 0.14 (0.48)
P-value 1.00

Iliacus
Preoperative 0.00 (0.00)
Postoperative 0.05 (0.22)
P-value .32

Psoas
Preoperative 0.00 (0.00)
Postoperative 0.19 (0.87)
P-value .32

Quadratus femoris
Preoperative 0.20 (0.52)
Postoperative 0.20 (0.41)
P-value 1.00

Piriformis
Preoperative 0.10 (0.30)
Postoperative 1.38 (0.97)
P-value <.001

Obturator internus
Preoperative 0.14 (0.36)
Postoperative 1.81 (0.93)
P-value <.001

Obturator externus
Preoperative 0.14 (0.36)
Postoperative 0.71 (0.78)
P-value .006

Data presented as mean (SD).
DAA, direct anterior approach; PLA, posterolateral approach.
Subsequently, bone cement (Palacos, Heraeus Medical, the
Netherlands) is pressurized into the acetabular cavity, followed by
insertion of the acetabular cup. After reaming of the femur, the
femoral component is placed without bone cement, followed by
placement of a 28mm diameter head on the femoral component,
repositioning of the joint and closure in layers.

For the PLA, the patient is placed in a lateral decubitus position.
The skin incision is made over the greater trochanter to cranial,
with a slight curve to posterior. After transection of the subcutis,
the fascia latae and the gluteus maximus muscles are split. Next,
the short external rotators, namely the piriformis, the inferior and
superior gemellus, and the internal obturator muscles, are cut at
the level of their insertion at the greater trochanter, so this
approach is not muscle-sparing. After retraction of the short
external rotators backward, the hip capsule can be incised, allowing
access to the hip joint. Subsequently, the hip joint is dislocated and
the osteotomy of the femoral neck is performed, followed by the
removing of the femoral head. The rest of the operation will
essentially take place in the same manner as the anterior approach.
During closure, the capsule is closed and the short external rotators
are sutured back at their insertion site.
PLA (N ¼ 23) P-Value

1.42 (1.21)
1.29 (1.20) .20
.32

0.67 (0.64)
0.67 (0.64) .54
1.00

1.29 (0.69)
1.29 (0.69) .19
1.00

1.08 (0.58)
1.13 (0.61) .03
.32

0.08 (0.28)
0.08 (0.28) .96
1.00

0.21 (0.51)
0.17 (0.38) .46
.32

0.04 (0.20)
0.04 (0.20) .98
1.00

0.04 (0.20)
0.04 (0.20) .95
1.00

0.38 (0.71)
0.54 (0.83) .09
.25

0.13 (0.34)
2.00 (1.62) .15
<.001

0.21 (0.42)
2.57 (1.38) <.001
<.001

0.21 (0.42)
2.00 (0.93) .01
<.001


