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Abstract

Background: Minimally anterolateral approach (MAA) and direct anterior approach (DAA) have been reported as
beneficial for total hip arthroplasty (THA) due to their ability to reduce postoperative pain and lead to quicker reha-
bilitation by preserving muscle insertions. As there is an ongoing debate on the effect of these two approaches on
early postoperative outcomes, this prospective study aimed to assess the difference in early clinical, radiological, and
patient-reported outcomes between the two minimally invasive approaches.

Methods: A total of 98 patients, 50 in the MAA group and 48 in the DAA group, were included in the study. Patients
with complete data were evaluated preoperatively and postoperatively at 2, 6, and 12 weeks. Clinical measurements,
including the ability to climb stairs and walk, 6-min walk test (6MWT), the Forgotten Joint Scale (FJS-12), Japanese
Orthopedic Association (JOA) Hip scores, radiological evaluation, and complications were analyzed.

Results: There were no significant differences in clinical outcomes and implant alignments between MAA and DAA
groups. In regards to patient-reported outcomes, the FJS-12 was significantly higher in the MAA group compared

to group DAA at 2 and 6 weeks postoperatively. However, there was no significant difference in the FJS-12 between
the two groups 12 weeks after surgery. The differences also included shorter operative times (62.4 +9.05 min

vs. 71£8.01 min), less blood loss (132.6 +43.31 ml vs. 159.23 +37.25 ml), lower Hb drop (29.56 +8.02 g/L vs.
364+7.12 g/L), and fewer blood transfusions in the MAA group (4.0% vs. 18.8%). The incidence of the lateral femo-
ral cutaneous nerve (LFCN) neuropraxia after surgery was 7 (14.6%) in the DAA group and 0 in the MAA group. One
fracture was found in each group and managed conservatively.

Conclusion: MAA and DAA approach yielded excellent and similar early clinical outcomes. However, better patient-
reported outcomes could be achieved by MAATHA. The MAA resulted in a safer approach associated with shorter
operative times, less blood loss, lower Hb drop, fewer blood transfusions, and LFCN neuropraxia than DAA. A longer
follow-up is needed to further examine differences between these procedures.
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Introduction

Primary total hip arthroplasty (THA) is generally con-
sidered one of the most successful surgeries in modern
medicine, leading to pain relief, functional recovery,
and improved quality of life [1]. Technological advance-
ments matched with low revision rates have resulted in
an increase in ever younger candidates undergoing THA
[2, 3]. Patients seeking THA are not only interested in the
resolution of pain and restoration of function but also a
faster recovery [3-5].

Over recent years, THA performed through a mini-
mally invasive approach, which provides earlier pain
relief and functional recovery, has been widely used [6, 7].
The direct anterior approach (DAA) causes less trauma
to soft tissue and shorter hospitalization compared to
conventional approaches as it follows intermuscular
interval and separates the anatomic interval between the
tensor fasciae latae and the sartorius muscles to reach the
hip joint [8]. On the other hand, the minimally anterolat-
eral approach (MAA) separates the intermuscular plane
between the tensor fasciae latae and the gluteus medius
muscles. This is the modified Watson-Jones approach
that was first reported by Bertin et al. [9] in 2004. Both
MAA and DAA have been reported to be advantageous
in THA, reducing postoperative pain and permitting
quicker rehabilitation by preserving muscle insertions
(10, 11].

However, to the best of our knowledge, there are lim-
ited comparative studies presenting early postoperative
outcomes performed by a single surgeon via the MAA
and DAA approaches. Therefore, we conducted this
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prospective study to further the understanding of the
effects of MIS-THA on clinical and other parameters and
assess the differences in early clinical, radiological, and
patient-reported outcomes between the two minimally
invasive approaches, i.e., MAA and DAA. We hypothe-
sized that the MAA and DAA groups would provide sim-
ilar early postoperative outcomes and that patients from
both groups would recover early [12—-14].

Materials and methods

Patients

A total of 98 patients (98 hips) with hip osteoarthritis
at the terminal stage who underwent primary unilateral
cementless THA (Implant: Pinnacle Acetabular Cup
System and Corail Hip System by DePuy, Johnson and
Johnson, USA) between January 2017 and January 2018,
were included in the study. The inclusion criteria were
the following: patients with an underlying diagnosis of
hip osteoarthritis; 20—-80 years old; American Society
of Anesthesiologists grade (ASA)<3; and a body mass
index (BMI) < 30 kg/m? The research met the diagnostic
criteria of hip osteoarthritis provided by the Guideline
of Diagnosis and Treatment of Osteoarthritis [15]. X-ray
film showed that osteophyte was present in one hip. The
exclusion criteria were those with a previous history of
hip surgery, rheumatoid arthritis, avascular necrosis of
the femoral head, neuromuscular disease, and deformity
in limb joints other than the hip joint. Patients were ran-
domized to MAA (n=>50) or DAA groups (n=48), using
computer-generated cards (Fig. 1).
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Fig. 1 Patient selection chart




Liu et al. Journal of Orthopaedic Surgery and Research (2022) 17:230

Operative techniques

All surgeries were performed by one senior surgeon, who
started MAA and DAA in 2011 and had practiced more
than 100 THAs via MAA and more than 200 THAs via
DAA before participating in this study.

In group MAA, the patient was placed in a supine posi-
tion on the fracture table, after which an oblique skin
incision about 9-11 c¢m was made depending on the
build of the patient, extending distally from 2 c¢m lateral
and distal to the anterior superior iliac spine and ending
at the top of the greater trochanter. The subcutaneous tis-
sue and fascia were opened. The intermuscular interval
between the anterior border of the gluteus medius and
the tensor fasciae latae was performed by blunt dissection
with the insertion of the index finger until the femoral
neck was reached. The lateral circumflex artery crossing
this interval was ligated, while tensor fascia latae, glutei
medius, and minimus were not split or detached. The
capsule was divided in a circular arc fashion along the
base of the femoral neck and was preserved. The surgeon
externally rotated the involved lower limb for the femur
preparation, adduction was performed, and the fracture
table was extended for 15° to provide a hyperextension
position. An elevating retractor was inserted posterior to
the greater trochanter to lift the femur for more exten-
sive exposure. After insertion of implants and checking
for stability and length, the hip capsule was sutured, no
drainage tubes were placed, and the wound was sutured
in a standard layered fashion.

In group DAA, the patient was placed on a fracture
table in the supine position. An 8—12-cm-long skin inci-
sion was made about 3 cm lateral and distal to the ante-
rior superior iliac spine and along the anterior margin
of the tensor fasciae latae. The intermuscular space was
bluntly opened between the sartorius muscles and ten-
sor fasciae latae. The capsule was anteriorly exposed,
and a femoral neck osteotomy was performed. The pos-
terior capsule was partially released for femoral prepara-
tion, and the greater trochanter could be elevated with
a retractor to provide sufficient exposure. The femoral
components were inserted in the same manner as in
group MAA with press-fit fixation. No redon drainage
was intra-articularly placed, and routine closure was
performed.

Perioperative interventions

All participants received the same standardized preop-
erative and postoperative treatment, including pain man-
agement and rapid rehabilitation [16]. Also, all patients
received prophylactic antibiotics and thromboprophy-
laxis. Physical therapy was initiated on the first post-
operative day, and all patients were allowed to abandon
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the crutches for full weight-bearing tolerance, depend-
ing on the individual immediate postoperative recovery
and clinical condition. Patients were discharged from the
hospital after a minimum hospital stay of 2 days (range
2-6 days).

Clinical evaluations

Patients’ background data and surgical data, including
operating time, intraoperative blood loss, length of skin
incision, blood transfusion, and post-op hospital stay,
were recorded. On a postoperative day 1, hemoglobin
(Hb) was measured, and the number of blood transfu-
sions was also recorded. (Blood transfusion was required
when hemoglobin<70 g/L.) Evaluations were conducted
by two physical therapists employed at the following time
points: preoperatively and postoperatively at 2, 6, and
12 weeks. Clinical results were evaluated using the ability
to climb stairs and walk, 6-min walk test (6MWT) [17],
visual analog scale (VAS, 1-10 point scale), the Forgotten
Joint Scale (FJS-12), and Japanese Orthopedic Associa-
tion (JOA) Hip scores. The FJS-12 is a self-administered
questionnaire that estimates patients’ awareness of their
knee or hip joint during activities of daily living, symbol-
izing a specific but very subjective patient-reported out-
comes measure, with the eventual score ranging from 0
(worst) to 100 (best) [18]. JOA score has four subcatego-
ries: pain (Pain, 40 points), range of motion (ROM, 20
points), ability to walk (Gait, 20 points), and activities of
daily living (ADL, 20 points); a high JOA score is indica-
tive of better hip function [19]. In addition, the presence
of any other complications after operating was recorded
during follow-up.

Radiographic evaluations

Preoperative, 24 h postoperative, 12 weeks postopera-
tive, digitalized radiographs with an anteroposterior pel-
vis and cross-table lateral were routinely performed in
all cases. Radiographs obtained at 12 weeks postopera-
tive were examined to assess cup alignment (inclination
angle, radiographic anteversion angle) and stem align-
ment (graded as valgus, neutral, or varus) [20]. Anatomi-
cal anteversion evaluated at 24 h postoperative computed
tomography (CT) was converted into radiographic ante-
version [21]. All radiographs were examined by two
independent reviewers who were not directly involved
with patient treatment and thus were blinded to all clini-
cal information during the assessment of radiographic
implant alignment.

Statistical analysis

We compared clinical outcomes and implant alignment
between MAA and DAA groups. A histogram was used
to assess the normal distribution. Continuous scales
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were compared with the two-sample ¢ test for outcomes
with normal distribution or Wilcoxon’s rank-sum for
outcomes with non-normal distribution; categorical
variables were compared by Pearson’s x* test or Fisher’s
exact probability test using SPSS version 20.0 (SPSS Inc.,
Chicago, IL). A P value<0.05 was considered statistically
significant.

Results

Clinical outcomes

Demographic data were compared between the MAA
and DAA groups (Table 1). There were no significant
differences in age, gender, BMI, operative side, ASA sta-
tus, 6 MW, preoperative VAS, or preoperative JOA hip
score between MAA and DAA groups (P>0.05). Surgical
wounds, postoperative hospital stay, and postoperative
VAS scores at all time points also did not significantly dif-
fer between the groups (P> 0.05) (Table 2).

The surgery time was significantly shorter in the MAA
group than in the group DAA [(62.4£9.05) min vs.
(71+£8.01) min, P<0.001]. The blood loss for MAA sub-
jects was (132.6+43.31) ml vs. (159.23 +37.25) ml for
the DAA patients (P=0.002). The Hb drop was also sig-
nificantly lower on the first day postoperatively for MAA
group (P<0.001). Two (4.0%) participants and 9 (18.8%)
participants in the MAA and DAA groups, respectively,
required blood transfusions for anemia; the observed dif-
ference was statistically significant (P=0.021) (Table 2
and Fig. 2).

There were no significant differences in those from
MAA group who were using stairs normally, walking
unlimited, 6MW T, and wearing shoes and socks with
ease at 2, 6, and 12 weeks postoperatively compared to
the DAA group (P>0.05). In the comparison of JOA
scores in both groups 2 and 6 and 12 weeks after surgery,

Table 1 Demographic data on the patients
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Table 2 Surgical and immediate postoperative data
Variable MAA DAA Pvalue
Surgery time (min) 62.449.05 71+£801 <0.001
Incision (cm) 9.864+0.99 10.04£1.07 0.385
Blood loss (ml) 1326+£4331 1592343725 0.002
Hb drop (g/L) 29.56£8.02 364+7.12 <0.001
Blood transfusion (n) 2 (4.0%) 9 (18.8%) 0.021
Post-op hospital stay (day) 4.6+1.14 477+1.17 0467
VAS (points)

1 day post-op 42+099 4.38+0.82 0.343

3 day post-op 2824083 279+£0.8 0.863

7 day post-op 2.24+£0.52 238+057 0222
Cup inclination (°) 41.96 +4.45 40.71 +4.09 0.151
Cup anteversion (°) 16.64+5.63 15924501 0.504
Femoral stem position (n) 0.963

Valgus 0 (0%) 0 (0%)

Neutral 48 (96.0%) 45 (93.8%)

Varus 2 (4.0%) 3(6.2%)

P value < 0.05 was shown in bold

there were no statistically significant differences in any of
the measured parameters (P>0.05). In regards to patient-
reported outcomes, the FJS-12 was significantly higher in
the MAA group than in the group DAA at 2 (P=0.006)
and 6 weeks (P=0.028) postoperatively (64.5+17.96
vs. 55.52+13.18, 74.9+£13.98 vs. 68.65+13.84), respec-
tively. There was no significant difference in the FJS-
12 between the two groups at 12 weeks after surgery
(P=0.582) (Table 3 and Fig. 3).

Radiological outcomes

There were no statistically significant differences in film
positioning of implants between the MAA and DAA
groups (P>0.05; Table 2). On 12-week radiographs,

Variable MAA DAA P value
Age (years) 62.44+7.07 62.21+822 0.881
Males/females (n) 17 (34.0%)/33(66.0%) 23 (47.9%)/25(52.1%) 0.161
BMI (kg/m?) 22464423 2296+3.11 0.509
Operative side—right (n) 23 (46.0%) 25 (52.1%) 0.547
ASA score (L1111 11/30/9 9/34/5 0.460
6 MWT (m) 28945136 279.17 +£57.05 0372
Pre-op VAS (points) 7.32£1.02 7234£1.12 0.675
Pre-op JOA (points)
Pain 16.74+£4.58 16.734£5.37 0.991
ROM 12.98+2.99 1221+£3.29 0.227
Gait 10.54 £345 11.02+£349 0494
ADL 11.32+£3.63 10.35£3.08 0.160
Total 51.58+9.69 5031+9.77 0.521
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Table3 Postoperative outcomes data

Variable 2 weeks 6 weeks 12 weeks
MAA DAA Pvalue MAA DAA Pvalue MAA DAA Pvalue
VAS (points) 21612 2294132 0.607 1.86+1.16 1.85+£1.24 0.981 14+£1.14 1.13+084 0.180
Stairs normally (n) 16 (32.0%) 14 (29.2%) 0.761 24 (48.0%) 26 (54.2%) 0.542 42 (84.0%) 36 (75.0%) 0.269
Distance unlimited (n) 25(50.0%) 20 (41.7%) 0408 38 (76.0%) 39 (81.3%) 0527 42 (84.0%) 42 (87.5%) 0.621
Shoes and socks with 21(42.0%) 24 (50.0%) 0427 36 (72.0%) 32 (66.7%) 0.567 42 (84.0%) 43 (89.6%) 0415
Ease (n)
6MWT(m) 22548774 23854486.17 0443 346.6+£86.26 3322947224 0377 410648269 42583+86.44 0375
FJS-12 (points) 64541796 555241318 0.006 74941398 6865+13.84 0.028 8024+1321 7854+£1644 0582
JOA (points)
Pain 292+45 30.81£5.17 0.102 3676254 36.02+242 0.143 3898+1.38 38.44+£2.61 0.232
ROM 13.88+£327 1454359 0373 16.28+133 16524241 0.539 1696+£173 17384195 0.267
Gait 136£296 12944348 0312 14.1+£387 15.33£322 0.090 1806+1.75 17424256 0.148
ADL 1394302 1444427 0.356 1504+£352 1588+£355 0.245 16.76 £1.51 1725+ 1.64 0.127
Total 7058+749 7269+9.09 0213 8252+762 84334677 0.217 90.76£3.16  9048+6.97 0.797

P value < 0.05 was shown in bold
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Fig. 3 Postoperative outcomes and surgical complications difference data: FJS-12 and the number of LCFN neuropraxia

the MAA group had an average cup inclination of DAA group. No cups in either the MAA or DAA groups
41.96° £ 4.45 compared to an average cup inclination of  presented with a sign of migration at 12 weeks. The
40.71°£4.09 in the DAA group. Acetabular anteversion =~ MAA group had 2 (4.0%) stem implanted compared to
was 16.64°£5.63 in the MAA and 15.92°+5.01 in the 3 (6.2%) in the DAA group, but this difference was not

statistically significant (P=0.963). Femoral implants
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that subsided stabilized without radiological evidence
of subsidence of >3 mm in both groups at 12 weeks.

Complications

Surgical complications are described in Table 4. One
fracture was identified in each group and managed
conservatively. In the MAA group, an asymptomatic
partial fracture of the greater trochanter (Vancouver
classification AG) was identified 2 weeks postopera-
tively. It occurred due to a fall that did not require sur-
gical fixation and was conservatively managed with bed
rest and touch-weight-bearing, completely healing after
6 months of follow-up. In the DAA group, one case had
an intraoperative femoral perforation on broaching,
and full weight-bearing was prohibited for 6 weeks. The
minor complication profile was significantly inclined to
the DAA group as a result of the high incidence of lat-
eral femoral cutaneous nerve (LFCN) neuropraxia. The
leading symptom was dysesthesia of the lateral thigh.
The incidence of LFCN neuropraxia after surgery was
7(14.6%) in the DAA group and 0 in the group MAA;
the observed difference was statistically significant
(P=0.016). No complications of calcar fracture or post-
operative dislocation were discovered at 12 weeks post-
operatively (Table 4 and Fig. 3).

Discussion

Both DAA and the MAA, minimally invasive approaches
in total hip arthroplasty (THA), have been associated
with less muscle damage, less perioperative pain, and
rapid recovery [12]. DAA and MAA allow for exposure
of the hip joint between inter-muscular planes with a
lower risk of dislocation and without increasing the risk
of early revision [22]. However, there have been few
comparative studies about early postoperative outcomes

Table 4 Surgical complications

Complication MAA (n) DAA(n) Pvalue
Superficial infection (hips) 0 0 1.00
Deep infection 0 0 1.00
DVT 0 0 1.00
Calcar fracture 0 0 1.00
Major trochanteric fracture 1 (2%) 1(2.1%) 1.00
LCFN neuropraxia 0 7(146%) 0.016
Nerve palsy 0 0 1.00
Postoperative dislocation 0 0 1.00
Postoperative femoral fracture 0 0 1.00
Cup migration 0 0 1.00
Stem subsidence >3 mm (EBRA/FCA) 0 0 1.00
Thigh pain 0 0 1.00
Bursitis 0 0 1.00

P value < 0.05 was shown in bold
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between the DAA and MAA. In the present study, we
observed similar primary early clinical outcomes follow-
ing MAA and DAA THA, i.e,, the ability to climb stairs
and walk, 6MW T, VAS pain, and JOA scores. Postop-
erative hospital stay was also similar in both groups.
The similar clinical outcomes suggested that pain relief
and functional recovery over the total hip did not sig-
nificantly differ among groups, which may be due to the
reduced invasiveness of both surgical approaches; this is
consistent with other research findings [12]. Despite the
overall similarity of the MAA and DAA outcomes, some
significant differences were confirmed in other domains.
Two and 6 weeks postoperative FJS-12 scores were sig-
nificantly better in the MAA group, which suggested
that better patient-reported outcomes could be achieved
by MAA THA. Nevertheless, the present study revealed
that 12 weeks after surgery, the FJS-12 score was simi-
lar between the MAA and DAA groups. Differences in
favor of the MAA also included shorter operative times,
less blood loss, lower Hb drop, fewer blood transfusions,
and LFCN neuropraxia. Implant alignment is essential
for successful longtime outcomes [23]. Luger et al. [24]
evaluated differences in planning adherence between
the MAA and the DAA in cementless short stem THA,
showing no statistically significant difference in off-
set reconstruction, leg length, or implant positioning
between groups. Similarly, Kawarai et al. [22] conducted
a study to clarify the difference in implant alignment
between the MAA and DAA approach. They found that
both cup and stem alignments improved in both groups.
Yet, they found that the frequency of the safe zone and
stem alignment in the sagittal plane was more favorable
in the MAA group than in the DAA group. The difference
with the MAA procedure was lateralization of the proxi-
mal femur through medialization of the tensor fasciae
latae muscle, as lateralization of the proximal femur can
avoid the prominence of the iliac crest along with the lin-
ear extension of the femoral canal axis. Therefore, it can
reduce operation time and blood loss on the femoral side
[22].

The DAA and MAA approach is an internervous or
intermuscular approach, connected with faster rehabili-
tation and faster recovery. These characteristics are ben-
eficial for total blood loss and transfusion rate [12, 25].
However, the MAA approach showed better results in
this study. The operation steps associated with the MAA
partly explained the shorter surgical times with less
blood loss, lower Hb drop, and fewer blood transfusions.
The decreased blood loss, which was generally on the
femoral side, was related to an easier visualization of pos-
terolateral capsular bleeders associated with the MAA.
When THA was performed via the DAA, a release of a
portion of the posterolateral capsule and piriformis was
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at times necessary during the elevation of the proximal
femur. Surgeon experience also was also an important
factor, where a surgeon in the present study had over 100
MAA cases versus 200 DAA cases. Still, the longer surgi-
cal time and greater blood loss were not compensated by
better pain relief, faster function improvement, and ear-
lier discharge in the DAA group.

This study presents favorable implant alignments in
THA with both minimally invasive techniques. The MAA
and DAA groups showed similar alignments of both
cup and stem. Component positioning has a marked
impact on the function and duration of THA [26-28].
The MAA and DAA surgical approaches can expose the
hip joint intermuscular and internervous interval with
a lower chance of dislocation and without higher revi-
sion risk [29, 30]. Kawarai et al. [22] reported that cup
anteversion in DAA is nearly 4°larger than MAA in the
supine position, which is inconsistent with our results.
The larger anteversion in DAA could be due to the differ-
ence in rotation and tilt angles of the pelvis in the supine
position. This could lead to flexor muscles and femoral
weight. During the cup procedure, the ipsilateral pelvis
could be posteriorly retracted. According to Kobayashi
et al. [31], it is somewhat challenging to insert the femo-
ral stem in the neutral position via DAA due to the expo-
sure of the proximal femur. Inconsistent with Kobayashi
et al. reports, the proximal femur could be adequately
exposed to find the entry point in the DAA group. There
was no statistically significant difference in stem implant
alignment compared with the MAA group. Adequate
exposure was obtained by a longer surgical time to man-
age the femur side.

Our study’s risk of minor surgical complications was
lower in the MAA group due to the 14% incidence of
LFCN neuropraxia in the DAA group. LECN neuropraxia
was a typical complication of DAA. The DAA for THA is
the only true internervous approach to the hip that can
leave abductors and posterior soft tissue envelope intact.
The LECN is endangered if the incision is too close to
the anterior superior iliac spine, with a distal extension
of the incision (small distal branches), with hyperexten-
sion of the hip, with dissection of the medial subcuta-
neous fat pad, with aggressive or prolonged retraction
of the rectus femoris during component implantation,
and with involvement in tissue scarring [32]. It is hoped
that technical improvement, such as moving the incision
more laterally, would help reduce the incidence following
this approach [32]. Ozaki et al. [33] demonstrated that
LECN neuropraxia mainly resolves spontaneously over-
time after THA. The incidence in the present study was
similar to the previously reported range in the literature
[3, 34, 35]. There were no connections between LFCN
neuropraxia and 6MWT or JOA scores; however, higher
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FJS-12 scores were found in MAA group. This was sup-
ported by Ozaki et al. [33].

The present study has some limitations. First, this
was an early evaluation of only 12 weeks after surgery.
A longer follow-up is needed to compare the effects
of the MAA and DAA methods on LFCN neuropraxia,
FJS-12 scores, and implant alignment after THA. Sec-
ond, the study could not be fully blinded due to the vis-
ible differences in the surgical incisions. All radiographs
reviews were blinded by two independent reviewers. In
addition, only a cementless stem was utilized. Generally,
a narrower exposure of the proximal femur is the only
requirement for a cementless stem to prepare the femur
compared to a cemented stem [36, 37]. In this manner,
minimally invasive surgery becomes less technically
demanding and generates an advantage for the cement-
less stem.

Conclusion

Both the MAA and DAA approaches yielded excellent
and similar early clinical outcomes. However, the MAA
approach may be safer for weak patients. Also, moving
the incision more laterally in the DAA approach may
provide a better patient’s self-awareness of their hip joint
during activities of daily living for reduced incidence of
LFCN neuropraxia.
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