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Background: Direct anterior approach (DAA) is an accurate technique for total
hip arthroplasty (THA) through the muscle gap. Physicians who apply DAA
believe that it accelerates patient recovery and results in lower rates of
postoperative dislocation. However, the traditional surgical approach
adherents believe that it is shorter and has fewer complications than DAA.
Methods: We use the method of META analysis to organize and analyze the
data of the randomized controlled studies (RCT) obtained after our
screening. To compare the clinical efficacy of DAA approach and other
surgical approaches for THA.

Results: After rigorous screening, 15 RCT studies were included in our study, and
data were extracted. The study included 1,450 patients from 15 RCTs, with a mean
age of 63 years and a distribution of 52—67 years. Six weeks after the operation,
the Harris hip score of the DAA approach improved by an average of 4.06 points
(95% confidence interval (Cl) 254 —-559, P<0.01, /?=45% which can
significantly improve the clinical efficacy of patients. However, the 0.61 points
[95% confidence interval (Cl) —=1.13 —2.34, P>0.01, /°=0%] at 3 months and
1.49 points [95% confidence interval (Cl) —1.65 —2.25, P>0.01, />=0%] at 12
months postoperatively. In terms of dislocation rate, results show that the use
of DAAs does not reduce Dislocation Rate with significant statistical
heterogeneity among study groups (95% Cl 0.18-2.94 P>0.001, /> = 0%).
Conclusion: The hip function of DAA was superior to posterolateral approach
(PLA) and latera approach (LA) in the early days after hip replacement, especially
within six weeks. However, at six months or more after surgery, the difference
was not significant. The DAA did not show a lower rate of dislocation than
other surgical approaches.

Systematic Review Registration: https://www.crd.york.ac.uk/PROSPERO
KEYWORDS

total hip arthroplasty, direct anterior approach, randomized controlled trial, meta-
analysis, clinical efficacy analysis
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Introduction

DAA is simply the exposure of the hip joint through the
Hunter interval between the tensor fascia latae (TFL) and
Sartorius muscle. DAA only exposes the surgical field through
the gap between the muscles, without essentially damaging or
affecting the external rotation muscle groups of the lower
extremities such as the piriformis muscle, the piriformis
muscle, and the gluteus medias muscle (1). Only a portion of
the
visualization during the final hip exposure.

rectus femoris reflex head is severed for easier

Proponents of DAA believe that due to the use of accurate
intermuscular access, there will be minor trauma and more early
recovery for the patient. Especially in terms of dislocation rates,
they believe that DAA will be lower than traditional surgery (2-
4). However, the unique complications associated with DAA
have been published, for example, damage to the lateral
femoral cutaneous nerve. And there are no data to suggest
that the long-term improvement of DAA is superior to
conventional surgical approach. Many studies have shown that
the learning curve for true mastery of DAA techniques is
steep (5). Most studies have found that the complication rate
only decreases when a surgeon has experienced 100 hand
speed procedures. This can take more than a year for many
surgeons performing THA to reach such a high number of
cases, which prevents them from genuinely mastering DAA
6, 7).

The aim of our study was to conduct a comprehensive
search of the published literature and registered experiments.
All randomized controlled trials comparing the DAA surgical
approach with other surgical approaches were screened. The
clinical efficacy of different surgical methods was verified by

META analysis.

Materials and methods
Search strategies

Before we started our review, we had an agreement outlining
our search strategy, inclusion and exclusion criteria, the results
we wanted to analyze, and this systematic review was a priori
registered with PROSPERO (CRD42020222077).

PubMed, EmBase, Cochrane library, Web of science,
CNKI, China Biomedical Literature Database (CBM) from
inception to 2022, with no language restriction. The
keywords used in the search were as follows: “direct
anterior approach” OR “anterior” OR “direct anterior”
AND “lateral approach” OR “lateral” OR “posterior” OR”
posterior approach” AND “total hip arthroplasty” OR “total
OR “THA” OR “THR” OR
“Arthroplasty”, Replacement, Hip” [Mesh]”.

hip  replacement”
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Inclusion criteria

(1)
2

Population: Patients after unilateral primary THA.
Interventions: THA using DAA approache, and the clinical
effects were compared.

(3) Comparison: THA using other surgical approaches, and
the clinical effects were compared.

The

contains the data we need.

(4) Outcomes: randomised controlled

experiment

Studies: Randomized controlled trial

©)

Exclusion criteria
(1) Non-randomized controlled studies.
(2)
(3)
4)

Duplicate documents in the database.
Published META analysis.
The experimental design is obviously unscientific.

Outcome measures

Primary outcome measure requiring META analysis: Harris
hip score (6 weeks, 3 months, and 1 year).
The secondary outcome measures were

M
2
3)
4)

Operation time

Number of days in hospital
Postoperative dislocation rate
Acetabular abduction, and anteversion.

Data collection and analysis

Selection of the studies

Following the search strategy described above, two
independent researchers searched the selected databases
separately. All documents retrieved from the database are
imported into professional document management software
for the initial work of removing duplicate documents. Then,
the titles and abstracts of all the articles were read by two
researchers to delete the articles that did not meet the
requirements. During this process, the research methods used
If the
methodological description in the abstract is vague, the full

in the literature were reviewed with emphasis.

text needs to be reviewed to ensure that the included
literature is a randomized controlled trial using the scientific
method. When encountering a lack of necessary information
in the literature, contact the authors of the paper. The study
was excluded if complete information could not be obtained.
If two reviewers disagree on the article, a third reviewer is
asked to join. If the disagreement persists, the article will be
deleted.
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Data extraction and management

All data were extracted independently by two researchers
using a data extraction table. The extracted data included the
author of the article, publication date, journal name, type of
study, sample size, and baseline data of patients; in addition,
the grouping of studies and the final outcome indicators that
needed to be included were included.

Assessment of risk of bias in included
studies

Risk of bias of all literature included in this study will be
independently reviewed by two investigators. The Cochrane
Manual of Systematic Reviews was used as the tool for this
review. Areas for review included the following 6 items: (1)
methods of randomizing patients (assessing selection bias), (2)
methods of concealing assignment information (assessing
selection bias), (3) blinding of patients and researchers
(assessing program implementation bias), (4) blinding of final
clinical outcome assessment (assessment of detection bias), (5)
outcome data integrity assessment (assessment of data loss
bias), (6) selective publication of results (assessment of
publication bias).

Statistical analysis

Data were analyzed and graphed using the Review Manager
database (RevMan version 5.3) for this study. Means and
standard deviations were used to evaluate continuous values,
and mean differences were used to evaluate clinical outcomes
for continuous values. Weighted mean differences were used
to evaluate results between studies. Proportions or risk values
were used to evaluate dichotomous values, and differences in
risk were used to evaluate clinical outcomes for dichotomous
values. Forest plots were used to show the final results.
Studies with fixed effects models were evaluated using the
Mantel-Haenszel (M-H) method. Q and I* were used to assess
the with  I*>50%
heterogeneity between studies. Funnel plots were used to

heterogeneity of studies, indicating

assess selective publication bias.

Results
Characteristics of the selected studies

316 articles were initially obtained; 63 duplicates were removed
through screening. By reading the titles and abstracts of the

included studies, 184 articles were removed, including case
reports, animal experiments, and articles not relevant to the
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purpose of this study. After an initial screening, 69 studies were
determined to be preliminary eligible. Two investigators then
read the 69 articles in their entirety, and 48 articles were
excluded because they could not be identified as RCTs. The
other 3 articles were excluded because the required data could
not be extracted. Three other articles were unanimously
considered by the researchers to be inconsistent in the
interventions and therefore could not be included in this study.
Ultimately, 15 randomized controlled trials (8-22) were included
in this study, details of which can be found in Table 1. The
article inclusion and exclusion process is shown in Figure 1.

Risk of bias in included studies

Risk of bias for each study was independently assessed by
two investigators. True double-blinding is difficult to achieve
in this type of study, as surgeons inevitably know the
procedure they are using. All 15 original papers included in
the article were RCTs, and we evaluated the quality of the
included papers, four of which excluded all bias. After a
scientific evaluation by the investigators, 4 studies were
selected as high-quality studies. Figures 2, 3 shows the results
of the risk of bias assessment for all studies.

We performed a funnel plot analysis of the primary
outcome of this study, HHS score. Funnel plots can be used
to assess publication bias in studies. The results of the
analysis showed minimal asymmetry in pooled risk differences
(RD), indicating a low risk of publication bias (Figure 4).

Clinical efficacy analysis

HHS hip score will be the main analysis target of this study.
Three different subgroups were divided according to time, and
this was used to analyze the differences in HHS scores
between DAA and other approaches over time. The secondary
outcome measures include Operation time, Number of days in
hospital, Postoperative dislocation rate, acetabular abduction
and acetabular anteversion.

HHS at 6 weeks, 3 months, and 1 year

Five studies gave HHS scores up to 6 weeks postoperatively,
with two studies each including two sets of data, for seven sets
of data included for comparison. The results showed that the
HHS score was higher in the DAA group at 6 weeks after
surgery, and there was no significant heterogeneity between
the two groups in terms of statistics [MD 4.06, 95%
confidence interval (CI) 2.54-5.59, P<0.001, Heterogeneity
12:45%]. However, there was no significant difference in
HHS scores between the DAA and PLA groups at 3 months
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TABLE 1 Characteristics of the selected studies.

10.3389/fsurg.2022.1022937

Study Intervention Number Age Female/Male BMI Type
Bon 2019 Anterior 50 67.26 +10% 29/21 26.46+3.58 RCT
Posterior 50 68.9+7.93 23/27 26.69 +£3.12
Brismar 2018 Anterior 50 66 (58-74)° 32/18 27 (24-29) RCT
latera 50 67 (60-76) 33/17 27 (24-30)
Mjaaland 2019 Anterior 84 67+9 59/25 28+4 RCT
latera 80 66+9 50/30 28+4
Parvizi 2016 Anterior 44 N/A N/A N/A RCT
latera 40 N/A N/A N/A
Barrett 2013 Anterior 43 61.4+9.2 14/29 30.7+54 RCT
Posterior 44 632+77 25/19 29.1+5.0
Winther 2018 Anterior 20 56 (30-69) 15/5 258+34 RCT
Posterior 18 56 (44-67) 8/10 26.7+3.7
Rodriguez 2014 Anterior 60 N/A N/A N/A RCT
Posterior 60 N/A N/A N/A
Miiller 2012 Anterior 15 643+7 9/6 269+33 RCT
latera 15 66.2+8 10/5 27.0+7.1
Reichert 2018 Anterior 73 632+82 32/41 28.3+4.0 RCT
latera 50 619+78 26/24 28.7+32
Mjaaland 2015 Anterior 84 672+8.6 59/25 27.7+3.6 RCT
latera 80 65.6 8.6 50/30 27.6+39
Cheng 2017 Anterior 35 59 (54, 69) 20/15 27.7 (25.8,30.0) RCT
Posterior 38 62.5 (55,69) 20/18 28.3 (24.8,31.1)
Martusiewicz 2020 Anterior 56 63 (41-83) 33/23 29.3 (19-35) RCT
Posterior 55 62 (49-79) 34/21 31.7 (21-43)
Diaz 2016 Anterior 49 64.8 (10.1) 26/23 26.6 (3.9) RCT
latera 50 63.5 (12.5) 26/24 26.9 (3.1)
Restrepo 2010 Anterior 50 62 (35-84) N/A 25 (18.8-29.9) RCT
latera 50 59.9 (40,76) N/A 25.1 (19.2,29.1)
Bergin 2011 Anterior 29 68.8 9.1 17/12 26.3+5.0 RCT
Posterior 28 65.1+11.3 14/14 27.8+5.0

N/A: not available A: Mean + SD B: Median and inter-quartile range.

[MD 0.61, 95% confidence interval (CI) —1.13-2.34, P> 0.001,
Heterogeneity I*=0%] and 1 year [MD 4.06, 95% confidence
interval (CI) —0.20-1.25, P>0.001, Heterogeneity I>=0%]
postoperatively Figure 5.

Surgery time

In terms of operative time, data were extracted from 7
studies with a total of 675 patients. The results showed that
when surgeons performed hip replacement using the DAA
approach, the operating time was significantly increased. DAA
increased operative time by a mean of 11 min (95% CI 1.8-
20.31 P<0.001, I* = 94%) Figure 6.

Hospitalization time

During the data extraction process, hospitalization time data
were extracted for a total of 351 patients from four studies. The

Frontiers in Surgery

results showed that the use of DAA did not reduce the length of
hospitalization time (95% CI —0.21-0.25 P> 0.001, I*=25%)
Figure 7.

Dislocation rate

During the data extraction process, dislocation rate data
were extracted for a total of 383 patients from four studies.
Results show that the use of DAAs does not reduce
dislocation rate (95% CI 0.18-2.94 P> 0.001, I” = 0%) Figure 8.

Acetabular abduction

During the data extraction process, acetabular abduction
data were extracted for a total of 417 patients from five
studies. Results show that the use of DAAs does not reduce
acetabular abduction (95% CI —1.23-2.81 P>0.001, I*=67%)
Figure 9.
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FIGURE 1
The processes of inclusion and exclusion (PRISMA).

Acetabular anteversion

During the data extraction process, acetabular anteversion
data were extracted for a total of 280 patients from tfree
studies. Results show that the use of DAAs does not reduce
acetabular anteversion (95% CI —6.70-2.34 P>0.001, ’=
86%) Figure 10.

Discussion

The growing emphasis on minimally invasive arthroplasty
and improved and expedited functional results make the direct
anterior approach an attractive choice (23). Compared with the
posterior approach, the lateral approach, and the anterolateral
approach, it has certain advantages. For instance, studies have
shown that patients undergoing DAA can perform well in
recovery soon after surgery. Patients had a lower score on the
visual analogue scale, a fashionable tool for the measurement of
pain (24), on the first postoperative day, and more people
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performed well in climbing stairs and walking long distances in
the 6th week. However, there was no significant difference at
later time points (25). Research suggests that DAA, as a muscle-
sparing THA surgical approach, may lead to longer operative
times and more costs that are expensive (26). Additionally,
studies have shown that DAA revision rates are higher in the
early stages of the learning curve (27). Whether the clinical
advantages of DAA (e.g., less soft tissue injury, less short-term
postoperative pain, lower dislocation rates, and shorter hospital
stay) are associated with higher costs compared to PA is open to
question (26). In addition, in terms of the clinical efficacy of
DAA, different researchers have different opinions. There is no
clear evidence that hip replacement using DAA is superior to
other surgical approaches in terms of long-term kinematic
outcomes (28). Some researchers believe that DAA has a lower
dislocation rate compared to PA and PLA (2-4). However, some
researchers believe that compared with DAA, the overall
complication rate of PA is significantly lower, and there is no
difference in dislocation rate (29).

Although several studies have compared DAA with other
surgical approaches, these studies include one network meta-

frontiersin.org
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FIGURE 2
The quality assessment of each study.

analysis (30), two systematic reviews (28, 31), and seven meta-
analyses (24, 25, 32-36). These studies have their own
strengths and weaknesses, and our study can complement
each other and greatly improve the quality of the included
literature and the assessment of outcome measures. Fourteen
RCTs were included in the network meta-analysis published
by Putananon et al. (30), but the five most recently published
RCTs were missing. At the same time, the study of
Putananon et al. (30) did not include important indicators
such as hospitalization time and operation time. In the studies
by Kyriakopoulos et al. (31) and Meermans et al. (28), only a
systematic review of the literature was conducted on different
surgical approaches, and no quantitative meta-analysis was
performed. Four of the studies included in the meta-analysis
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included non-randomized controlled studies, and these low-
quality studies inevitably introduced bias (32, 34, 35). The
remaining three articles were meta-analyses that included only
RCT studies, of which Wang et al. (33), published in 2018,
included nine RCT studies. Additional studies were included
in our study due to the publication of new high-quality RCT
2018.
comprehensive and more convincing. Published in 2019,
Kucukdurmaz et al. (25) included 18 RCTs, more than ours.
However, in Kucukdurmaz et al’s study (25), only HHS

studies after Therefore, our research is more

scores were included at 6 weeks, and comparisons of results at
longer follow-up were lacking. Furthermore, they did not
include three recent high-quality RCTs. The Ramadanov et al.
(36) study, published in 2021, included 10 RCTs. Their study,
like Wang et al’s (33) study, did not comprehensively
incorporate all published RCTs. Furthermore, the Ramadanov
et al. (36) study included THA resulting from fractures, which
inevitably introduced bias. In conclusion, our study
comprehensively included published RCT studies, all of which
were hip replacements caused by hip non-fracture factors.
Second, study systematically compared important
indicators including length of hospital stay. For the primary

outcome measure, the HHS score, we analyzed data including

our

one year to compare short-term and long-term clinical
outcomes. Our results are more valuable for clinical guidance.

To make sensitive and repeatable measurements of hip
surgery results, clinicians have designed many hip scoring
systems to achieve this goal. Harris score is the most
commonly used scoring system to evaluate THA procedures
(37). It depends on the surgeon’s judgment to assess the
improvement of pain and short-term functional prognosis
after THA (38, 39). Some studies have found that Harris hip
scores have better average scores after using the direct
anterior approach in the first six weeks after surgery.
Subsequently, these scores did not differ from the posterior
scores (8). This meta-analysis revealed that DAA had a
significant improvement in HHS scores relative to PLA over
six weeks. However, there were no significant differences in
HHS scores at three months and one year postoperatively.
This suggests that DAA can bring early recovery to patients,
but there is no difference in long-term outcomes. In terms of
operative time, however, as we would expect, DAA is longer
than PLA, partly due to the need to use a traction bed,
with  the
instrumentation itself, which may prolong the operative time.

operator  unskillfulness, and  problems
Still, in terms of time spent suturing the wound, DAA is
significantly shorter than PLA, probably due to less tissue
dissociation with DAA. An average of approximately 11 min
is an acceptable increase in operative time. In terms of
hospitalization time, the statistics show no difference between
the two. This may have nothing to do with the DAA or PLA
procedures. Instead, it depends on the bed turnover in the

department and the personal habits of the surgeon (40).
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FIGURE 4
Direct anterior approach vs. other approaches: funnel plot of HHS.

Dislocation following total implantation of the hip joint is other approaches. This study, however, does not support
one of the common causes after TKA, which increases this intrinsic knowledge. The statistical results showed no
hospital costs by 300% of the expenditure of hip statistical ~difference in the rate of dislocation and
replacement alone. It is apparent that the causes of joint subsequent analyses of the acetabular abduction. Acetabular
dislocation after hip replacement are relatively complex. anteversion showed no statistical difference between the
Surgery-related factors may include the surgical approach, two, which coincidentally supports this conclusion. Some
the angle of prosthesis placement, the size of the prosthesis. researchers consider DAA to be a surgical procedure
Patient-related factors included incorrect postoperative performed through the natural muscle space (28, 42), which
posture, history of Parkinson’s disease, previous surgery, reduces the injury to the joint capsule and detachment of
and accidents (41). There is an inherent perception that the surrounding muscles, resulting in a significant reduction
DAA may have a lower delocalization rate compared to in dislocation rates. However, some researchers have found
Frontiers in Surgery 07 frontiersin.org
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DAA PLA Mean Difference Mean Difference
—Study or Subgroup Mean  SD Total Mean SD Total Weight IV, Fixed. 95% CI 1V, Fixed. 95% CI
3.1.16W
Barrett 2013 895 8.1 43 814 98 44 57% 8.10[4.33,11.87]
Bon 2019 69.46 15.39 50 68.13 14.6 50 2.3% 1.33[-4.55 7.21] S =
Bon 2019 83.52 13.44 50 80.37 13.38 50 29% 3.15[-2.11,8.41] - =
Reichert 2018 816 121 73 824 12 50 4.3% -0.80[-5.13,3.53] ] i
Restrepo 2010 93.64 5.7 50 88.8 8.7 50 9.7% 4.84[1.96,7.72] - =
Rodriguez 2014 83 12 60 80 11 60 4.8% 3.00[-1.12,7.12] b G A
Rodriguez 2014 69 13 60 64 94 60 4.9% 5.00[0.94,9.06] e T
Subtotal (95% Cl) 386 364 34.7% 4.06 [2.54, 5.59] <>
Heterogeneity: Chi? = 10.92, df = 6 (P = 0.09); I? = 45%
Test for overall effect: Z = 5.21 (P < 0.00001)
3.1.23M
Barrett 2013 912 97 43 914 97 44 49% -0.20[-4.28, 3.88] =
Bon 2019 89.95 12.73 50 913 948 50 4.2% -1.35[-5.75, 3.05] — =
Reichert 2018 89.8 93 73 884 99 50 6.7% 1.40[-2.08,4.88] ==
Winther 2018 9042 366 20 892 47 18 11.1% 1.22[-1.48,3.92] b =g
Subtotal (95% CI) 186 162 26.8% 0.61[-1.13,2.34] >
Heterogeneity: Chiz = 1.31, df =3 (P = 0.73); I = 0%
Test for overall effect: Z = 0.69 (P = 0.49)
3.1.31Y
Barrett 2013 975 57 43 973 655 44 146% 0.20[-2.15 2.55] ]
Reichert 2018 924 86 73 914 91 50 7.9% 1.00[-2.20, 4.20] i
Rodriguez 2014 89 11 60 91 10 60 5.7% -2.00[-5.76, 1.76] Breeere [
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FIGURE 5
HHS outcome forest plot analyses.
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FIGURE 6
Surgery time outcome forest plot analyses.

Mean Difference Mean Difference

that it may be the larger femoral component size that reduces
this dislocation rate.

What’s more, most surgeons with a direct anterior approach
place the patient supine on a fracture table or regular table. The
ability to perform dynamic testing (push-pull test) is lost during
surgery on a specific operating table with a fixed limb. However,
most surgeons of the posterior approach perform dynamic tests
on the stability of the hip joint and the tension of the entire hip
soft tissue during the (43). For

operation example,
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intraoperative stability tests, especially the IR angle, were used
to predict hip stability after THA (44).

This study confirms that DAA can bring early recovery to
patients, but there is no difference in long-term outcomes,
including dislocation rates. DAAs for hip replacement is
becoming increasingly popular as patient demand for
minimally invasive surgical techniques increases (45, 46).
Modern

designed operating tables have made it easier for plastic

surgical instruments combined with specially

frontiersin.org


https://doi.org/10.3389/fsurg.2022.1022937
https://www.frontiersin.org/journals/surgery
https://www.frontiersin.org/

Zhou et al. 10.3389/fsurg.2022.1022937
DAA PLA Mean Difference Mean Difference
_Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Bergin 2011 39 1.1 29 33 14 28 11.8% 0.60 [-0.06, 1.26] ) o
Bon 2019 284 1.25 50 28 1.78 50 14.0% 0.04 [-0.56, 0.64] I’
Parvizi 2016 136 074 44 15 074 40 50.6% -0.14[-0.46,0.18] LI
Restrepo 2010 3.56 0.75 50 35 15 50 23.5% 0.06[-0.40, 0.52] -
Total (95% CI) 173 168 100.0% 0.02 [-0.21, 0.25] ?
Heterogeneity: Chiz = 4.02, df = 3 (P = 0.26); I = 25% 1 0 — 0’5 1
Test for overall effect: Z = 0.17 (P = 0.86) Eaviii rs‘[D AA] Fav ou' rs [PLA]
FIGURE 7
Hospitalization time outcome forest plot analyses.
DAA PLA Odds Ratio Odds Ratio
& § 0, o § 0,
Barrett 2013 0 43 1 44 31.6% 0.33[0.01, 8.41] =
Bon 2019 1 50 0 50 104%  3.06[0.12, 76.95] ®
Cheng 2017 1 35 1 38 20.0%  1.09[0.07, 18.09] g
Reichert 2018 0 73 1 50 38.0% 0.22[0.01, 5.62] L
Total (95% CI) 201 182 100.0% 0.73 [0.18, 2.94]

Total events 2 3

f

ity i2 = = = - 12 = QY I
Heterogeneity: Chi? = 1.58, df = 3 (P = 0.66); I’ = 0% 0.001

01 1 10 1000

Test for overall effect: Z = 0.45 (P = 0.66) Favours [DAA] Favours [PLA]
FIGURE 8
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FIGURE 9
Acetabular abduction outcome forest plot analyses.
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FIGURE 10
Acetabular anteversion outcome forest plot analyses.
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surgeons to use the technique. However, the learning curve can
be steep, requiring hundreds of conditions to become proficient.
DAA is supported by many literatures and researchers for THA,
but there is a lack of large randomized controlled studies to
support this conclusion. Once a surgeon has mastered DAA,
it is a viable alternative to performing successful surgical
procedures.
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