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Abstract

Objective To systematically evaluate the clinical safety and efficacy of the direct superior approach and the conven-
tional surgical approach.

Date sources From PubMed, Embase, the Cochrane Library, and China Knowledge Network up to January 30, 2023.
Main results A total of 7 case series involving 4306 patients undergoing total hip arthroplasty were included, includ-

ing 679 patients with direct superior approach. All outcome measures: Oxford Hip Score [MD=0.30, 95% Cl (—0.87,
1.47), P=0.62], Hip Harris Score [MD=-0.18, 95% Cl (- 0.86, 0.49), P=0.59], intraoperative blood loss [MD=—54.14,
95% Cl (-102.75,-5.52), P=0.03], transfusion rate [MD=0.49, 95% Cl (0.29, 0.83), P=0.008], Limb Length Differences
[MD=-0.21,95% Cl (0.02, 0.39), P=0.03], Length of Stay [MD=-0.61, 95% Cl (- 0.69, —0.52), P<0.00001].

Conclusions The DSA was superior to conventional access in terms of incision length, bleeding, postoperative
transfusion rate, and early postoperative HHS. In addition, our study found that because the DSA has less tissue dam-
age, it has the potential advantages of accelerating patient recovery after surgery, shortening hospitalization time,
and reducing patient economic pressure, which can significantly improve patient quality of life and satisfaction.

Keywords Direct superior approach, Minimally invasive, Hip replacement, Mate analysis, Systematic review

Introduction

With the continuous increase of the world’s elderly popu-
lation, the incidence curve of hip joint diseases and oste-
oporosis is also on the rise [1]. In 2000, Cooper estimated
that 1.6 million hip fractures occurred among the 9 mil-
lion patients with osteoporotic fractures worldwide, and
the number of hip fractures worldwide will increase from
1.6 million in 2000 to 6.3 million in 2050 [2]. Artificial
hip replacement has become an effective treatment for
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end-stage hip diseases such as osteoarthritis and femoral
head necrosis and femoral neck fractures in clinical prac-
tice, and its main purpose is to restore and improve joint
motion function, relieve joint pain, and correct deformi-
ties [3]. More than 1 million total hip replacements are
currently performed annually worldwide, and the num-
ber of total hip replacements continues to increase due to
the current global aging (increase in life expectancy of the
global population) and the increase in the global obese
population [4]. To improve early recovery, the choice of
total hip arthroplasty approach has also received increas-
ing attention, such as the posterolateral approach and
the posterolateral approach. Among them, the poste-
rolateral approach is the most common approach for hip
replacement because it provides good visualization of
the acetabulum and femur for both initial and revision
hip arthroplasty [5]. However, the risk of trauma, blood
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loss, and postoperative complications is higher with the
traditional surgical approach mentioned in the published
literature [6], whereas the minimally invasive surgical
approach can improve surgical outcomes and theoreti-
cally reduce surgical medically induced injuries com-
pared to the traditional approach, and more and more
orthopedic surgeons and researchers are proposing the
development of minimally invasive techniques as a future
trend in surgical treatment [7].

Direct Superior Approach (DSA) is a new minimally
invasive technique that has been applied in recent years.
It is a muscle-sparing approach for hip joint replacement,
similar to the posterior approach. It was first proposed
by Stephen Murphy in 1999 and requires specific instru-
ments to preserve the external rotator muscles’ tendons.
The approach involves blunt dissection of the gluteus
maximus and opening the upper joint capsule to reach
the femoral neck [8]. As a minimally invasive technique,
the DSA is theoretically advantageous over traditional
surgical methods for faster postoperative recovery. The
DSA is favored and recognized by surgeons due to its
small incision and minimal soft tissue damage, resulting
in faster postoperative recovery. However, there is cur-
rently no consensus on the specific surgical efficacy and
safety of the DSA. Michele and Jacopo et al. [9] showed
that the DSA group had less intraoperative blood loss as
well as better early gait recovery, but the DSA group had
a longer operative time. Although several scholars have
studied the DSA in recent years, a large portion of pre-
vious studies conducted research with limited patient
numbers and drew uncertain conclusions on these ques-
tions. Therefore, these studies were pooled and a system-
atic review and meta-analysis was conducted to establish
more conclusive results based on a larger patient popu-
lation, regarding the efficacy and safety of DSA total hip
arthroplasty in older people, and future complications in
the follow-up, and to provide sufficient evidence-based
medical evidence for the clinical application of the DSA.

Methods
The protocol for this systematic review was registered in
the PROSPERO database (CRD42023401009).

Inclusion and exclusion criteria

Inclusion criteria

Only cohort studies and randomized controlled stud-
ies were included. (1) confirmed diagnosis of degenera-
tive hip arthritis, ischemic necrosis of the femoral head
or femoral neck fracture; (2) need for artificial total hip
replacement; (3) the first artificial total hip replace-
ment; (4) the DSA and conventional approach (posterior
approach, posterior lateral approach); (5) outcome indi-
cators reported at least one of the following: operating
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time, incision length, blood loss, blood transfusion rate,
Length of Stay (LOS), lower leg discrepancy (LLD), Har-
ris hip score (HHS), Oxford hip sore (OHS).

Exclusion criteria

(1) Duplicate publications; (2) Inability to extract basic
data, lack of original data, or incomplete data; (3) Lack
of comparison between two methods; (4) Literature
reviews, Case reports, Theoretical explorations, Simple
experimental studies, and Empirical summaries.

Search strategy

Computer searches of relevant studies from PubMed,
Embase, the Cochrane Library, and China Knowledge
Network (CNKI) were conducted from build to Janu-
ary 30, 2023, to identify eligible trials and studies on
DSA. The Cochrane Handbook was used for all aspects
of the international systematic reviews, and studies were
prepared according to the Preferred Reporting Items in
Systematic Reviews and Mate Analysis (PRISMA) state-
ment [10]. The search strategy is shown in Table 1. The
keywords for the Chinese search were direct superior
approach, total hip arthroplasty; the keywords for the
English search were Direct Superior Approach, DSA,
total hip arthroplasty, total hip replacement.

Literature quality evaluation and data extraction

The two researchers (Zhang Zhuangzhuang and Zhang
Fukang) independently evaluated the quality and
extracted data according to the inclusion criteria before
cross-checking. If there are any differences between
them, a senior researcher (Guo Hongzhang) will make a
decision. Randomized controlled trials were evaluated
using the Quality Cochran Risk Assessment Tool [11].
The Newcastle Ottawa Scale (NOS) [12] assessed the
quality of the cohort study, which consisted of three main
components: selection of study groups, comparability
between groups, and determination of exposure results.
The total score is 9 points, and <5 points are considered
to be a high-risk bias; A general score>7 is considered
a low-risk bias. The following information was extracted
from the study: (1) Characteristics of the study (first
author, publication time, surgical modalities, study type,
case characteristics, etc.); (2) Results indicators: operat-
ing time, incision length, blood loss volume, blood trans-
fusions, LOS, LLD, OHS, and HHS.

Statistical analysis

After data extraction from the original study, data
analysis was performed using RevMan (Review Man-
ager Version 5.3, The Cochrane Collaboration, 2014).
Dichotomous variables were expressed by odds ratio
(OR) and 95% confidence interval (CI), and continuous
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Cochrane Library

Embase

PubMed

1. MeSH descriptor: [Arthroplasty, Replacement,
Hip] explode all trees

2. (Hip Prosthesis Implantation):ti,abkw

3. (Hip Prosthesis Implantations):ti,ab,kw
4. (Hip Replacement Arthroplasty):ti,abkw
5. (Hip Replacement Arthroplasties):ti,ab,kw
6. (Total Hip Replacement):ti,ab,kw

7. (Total Hip Arthroplasty):ti,ab,kw
8.1TOR20OR30R40R50R60R7

9. (Direct superior approach):ti,ab,kw

10. (DSA):ti,ab,kw

11.90R 10

12.8 AND 11

13. Limit 12 to English language

Results 29

Date January 30, 2023

1. [Arthroplasty, Replacement, Hipl.exp

2. (Hip Prosthesis Implantation):ti,ab,kw

3. (Hip Prosthesis Implantations):ti,ab,kw
4. (Hip Replacement Arthroplasty):ti,ab,kw
5. (Hip Replacement Arthroplasties):ti,ab,kw
6. (Total Hip Replacement):ti,ab,kw

7. (Total Hip Arthroplasty):ti,ab,kw

8. 1TOR20OR30OR40OR50R60R7

9. (Direct superior approach):ti,ab,kw

10. (DSA):ti,ab,kw

11.90R 10

12.8 AND 11

13. Limit 12 to English language

Results 30

Date January 30, 2023

1. "Arthroplasty, Replacement, Hip"[Mesh]

2."Hip Prosthesis Implantation “[Title/Abstract]
3."Hip Prosthesis Implantations “[ Title/Abstract]
4."Hip Replacement Arthroplasty” [Title/Abstract]
5."Hip Replacement Arthroplasties” [Title/Abstract]
6."Total Hip Replacement”[Title/Abstract]
7."Total Hip Arthroplasty” [Title/Abstract]

8. 1TOR20OR30OR40OR50R60R7

9."Direct superior approach”[Title/Abstract]
10."DSA" [Title/Abstract]

11.90R 10

12.8 AND 11

13. Limit 12 to English language

Results 29

Date January 30, 2023

variables were expressed by mean difference (MD) and
95% CI. Statistical I* quantitatively evaluated the mag-
nitude of heterogeneity among the included studies.
When I? was < 50%, suggesting less heterogeneity, the
statistical analysis was conducted using a fixed effect
model (FEM); if I* was>50%, suggesting greater het-
erogeneity, a random effect model (REM) was used.
Sources of heterogeneity were further analyzed, and
apparent clinical heterogeneity was addressed using
methods such as subgroup analysis or sensitivity anal-
ysis. Subgroup analysis was performed depending on
the duration of OHS follow-up in the included stud-
ies. When the outcome indicator under study was
reported in only 1 study, only descriptive analyses
were performed.

Results

Literature search results

Initially, 92 studies were obtained, of which 32 dupli-
cate studies were excluded. 37 studies were excluded
due to review comments, conference abstracts,
and irrelevant research after reading the titles and
abstracts. 6 studies were excluded due to the lack of
a control group. Further examination of the context
excluded 3 studies that lacked necessary data and 3
studies without data. 3 studies that did not meet the
inclusion criteria were excluded. In addition, 1 study
that focused on corpses was excluded, and ultimately
7 studies that met the criteria were selected. The pro-
cess of inclusion and exclusion of literature is shown in
Fig. 1.

Basic characteristics and quality evaluation

This study included a total of 7 studies [9, 12, 17] with
basic characteristics of 4306 patients as shown in Table 1.
Regarding gender ratio, their studies [13-15] did not
mention it. Regarding body mass index, one study [15]
did not mention it. By comparing the baseline character-
istics such as age and gender of patients in each included
study, it was found that there was no statistically signifi-
cant difference between the two groups of patients. The
studies were comparable (P>0.05). A summary of basic
characteristics is shown in Table 2. Two randomized
controlled studies [9, 12] were included in this research
paper. Due to the specificity of the procedure, all rand-
omized controlled trials did not report the method of
participant-operator combination. In addition, the two
RCTs [9, 12] included explained randomization, but did
not mention a randomized paired design. Risk bias was
performed for the two RCTs [9, 12] included (Fig. 2). As
shown in Table 3, the NOS scores of the 5 cohort studies
[13-17] were 6, 7, 7, 7, and 6, respectively. Overall, the 7
studies included in this research had good quality, with
standardized research design and good quality.

Mate results

Main results

Oxford hip score (OHS)

Two studies [14, 18] recorded postoperative Oxford
hip scores, which did not differ significantly due to the
heterogeneity of the results (x*=0.47, df=3, P=0%,
P=0.93). Therefore, a fixed-effects model was used
for Mate analysis. The results are shown in Fig. 3, there
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Fig. 1 Flow chart of literature screening

was no significant difference between the two groups
[MD=0.30, 95% CI (—0.87, 1.47), P=0.62], and there
was no difference between the DSA and the conventional
approach for OHS.

Subgroup analysis based on follow-up time, subgroup
analysis of Oxford hip scores at 3 months and 1 year
postoperatively showed no significant difference between

the two groups at 3 months [MD=0.11, 95% CI (- 1.61,
1.84), P=0.90] and 1 year postoperatively [MD=0.45,
95% CI (—1.14, 2.04), P=0.58] (Fig. 3).

Hip Harris score (HHS)
Two studies [15, 18] reported postoperative HHS
scores, but there was no significant difference in the
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Table 2 Study characteristics of all studies
Inclusion instudies  Type of study  Country Sample Ages Gender (F/M) BMI
sizes
S C S C S C S C
Michele [9] RCT Italy 22 23 74+89 72477 7/5 10/13 23428 24420
Feng [13] RCT China 30 30 4731141 53.7+187 NR NR 232433 229+35
Leonard [14] CR England 100 100 68 69.05 39/61 39/61 28 289
Eustathios [15] CR Greece 100 100 6539+838 6551+£7.85 NR NR 28.38+3.09 2794+298
Denis [16] CR America 42 196 499+7.1 63.9+6.1 NR NR NR NR
Matthew [16] CR America 333 3162 62+11 64+11 46.2/538 43.1/569 288+53 302+6.2
Bouke [18] CR Netherlands 52 52 69+84 69+84 24/28 18/34 25+34 302462
=
Random sequence generation (selection bias) s g
L 2
Allocation concealment (selection bias) § P
~ ~N
Blinding of participants and personnel (performance bias) —
@ | @ | Random sequence generation (selection bias)
Blinding of outcome assessment (detection bias)
-~ . Allocation concealment (selection bias)
Incomplete outcome data (atfrition bias) | |
. = | Blinding of participants and personnel (performance bias)
Selective reporting (reporting bias) _
3 . -~ Blinding of outcome assessment (detection bhias)
Other bias
' : : ' i =~ | = |Incomplete oulcorne data (attrition bias)
0% 5% 50% 5% 100% @ | @ | selective reporting (reponting bias)
l .Lowrisk ofbias DUncleamsk ofbias .Hzgh risk of bias l < | @ | other bias

a Risk of bias graph
Fig. 2 Risk of bias

b Risk of bias summary

Table 3 The Newcastle-Ottawa-scale of non-randomized controlled studies

Inclusion in studies Selection of study subjects Comparability between Outcome measures Scores
groups
1 2 3 4 a b 4
Leonard [14] * * * * * * 6%
Eustathios [15] * * * * * * * 7%
Denis [16] * * * * * % % 7%
Matthew [17] * * * * * % % 7%
Bouke [18] * * * * * * 6%

*:1. Representation of exposed groups, 2. Selection of non-exposed queues, 3. Determination of exposure factors, 4. No outcome indicators to observe at the start
of the study, a. Evaluation of closing indicators, b. Adequate follow-up time(Follow-up time > 5 years.), c. Completeness of follow-up in the exposed and non-exposed

groups

heterogeneity of the results [x*=0.36, df=1, P=0%,
P=0.55]. Therefore, a fixed-effect model was used
for the meta-analysis. As shown in Fig. 4, there was
no significant difference between the two groups
[MD=-0.18, 95% CI (—0.86, 0.49), P=0.59] (Fig. 4),
indicating no significant difference in HHS between the
DSA and the traditional approach.

Intraoperative blood loss

Five studies [9, 13-15, 18] reported intraoperative blood
loss. Due to significant heterogeneity in the results
(x*=12.19, df=4, ?=67%, P=0.02), a random-effects
model was used for meta-analysis. As shown in the fig-
ure, the intraoperative blood loss in total hip arthroplasty
with the DSA was lower than that in the control group,
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and the result was statistically significant [MD =—54.14,
95% CI (—102.75, —5.52), P=0.03] (Fig. 5). There was a
difference in intraoperative blood loss between the DSA
and traditional approaches.

Blood transfusion rate

Two studies [15, 17] reported the rate of blood transfu-
sion during surgery, and there was no significant differ-
ence in the heterogeneity of the results (x*=0.6, df=1,
P=0%, P=0.44). Therefore, a fixed-effect model was
used for the Mate analysis. The results showed that the

DSA group Control group
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blood transfusion rate for total hip arthroplasty via the
DSA was lower than that of the control group, and the
results were statistically significant [OR=0.49, 95% CI
(0.29, 0.83), P=0.008] (Fig. 6). There was a difference in
the transfusion rate between the DSA and the traditional
approach.

Limb length differences

Three studies [13, 14, 18] reported the difference in
length of bilateral lower limbs after surgery, but due to
heterogeneity of the results, there was no significant

Mean Difference Mean Difference

Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Fixed. 95% CI IV. Fixed. 95% CI
1.8.1 3 months postoperative

Bouke 2020 41 71 52 41 65 52 20.0% 0.00[262 262 I S
Leonard 2021 339 84 100 388 82 100 259% 020[2.10 250 —
Subtotal (95% CI) 152 152 45.9% 0.11[-1.61, 1.84] "'*
Heterogeneity: Chi*= 0.01,df=1 (P=0.91);1*=0%

Test for overall effect: Z=0.13 P = 0.90)

1.8.2 12 months postop erative

Bouke 2020 44 6.3 52 43 B 52  24.5% 1.00[-1.36, 3.36) B e
Leonard 2021 423 81 100 423 74 100 296% 000[-2.15 2.19 T
Subtotal (95% CI) 152 152 54.1% 0.45[-1.14,2.04]

Heterogeneity: Chi*= 0.38,df=1 (P=0.54); = 0%

Test for averall effect: Z=0.56 (P = 0.58)

Total (95% CI) 304 304 100.0% 0.30 [0.87, 1.47] ?

Heterogeneity: Chi*= 0.47, df=3 (P=0.93); 1= 0%
Test for averall effect: Z=0.50 P = 0.62)
Test for subgroup differences: Chi*=0.08. df=1(P=0.78). F=0%

Fig. 3 Forest plot of OHS

DSA group Control group

4 2 0 2 4
DSA group Control group

Mean Difference
IV. Fixed. 95% CI

Mean Difference
\YA Fixe(lll 95% CI

Study or Subgroup  Mean SD Total Mean SD Total Weight
Bouke 2020 87 16.2 52 89 148 52
Eustathios 2022 9254 257 100 927 231 100

Total (95% CI) 152

Heterogeneity: Chi*= 0.36, df=1 (P =0.55); = 0%
Test for averall effect: Z=053 P = 0.59)

Fig. 4 Forest plot of HHS

1.3% -2.00[-7.96, 3.96]
98.7% -0.16[-0.84, 0.52]

152 100.0% -0.18 [-0.86, 0.49]

-10 -5 0 5 10
DSA group Control group

DSA group Control group Mean Difference Mean Difference

Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Bouke 2020 33 146 52 302 248 52 181% 11.00(-67.22, 89.22) —
Eustathios 2022 175.3 5388 100 1944 7279 100 325% -19.10 [-36.85, -1.35) i
Feng 2021 482 236 30 680 299 30 9.3% -198.00[-334.31,-61.69)
Leonard 2021 510 263 100 592 323 100 17.3%  -82.00[-163.64, -0.36) —
Michele 2021 149 66 22 225 125 23 229% -76.00[-134.05,-17.95] -
Total (95% CI) 304 305 100.0%  -54.14 [-102.75, -5.52] -

it = . 2 e = 2= } 4 } +
Heterogeneity: Tau®*= 181263, Chi*=12.19, df= 4 (P = 0.02); F= 67% 200 -100 0 100 200

Test for overall effect: Z=2.18 (P = 0.03)

Fig. 5 Forest plot of intraoperative blood loss

DSA group  Control group
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difference (x*=3.14, df=2, =36%, P=0.21). There-
fore, a fixed-effect model was used for Mate analysis. The
results showed that the control group was better than the
DSA group, with statistical significance [MD=-0.21,
95% CI (0.02, 0.39), P=0.03] (Fig. 7), and there was a dif-
ference in the length of bilateral lower limbs between the
DSA and the traditional approach.

Length of stay

Five studies [13—15, 17, 18] recorded the duration of sur-
gical hospitalization, and because of the significant heter-
ogeneity of the results (x*=2.56, df=4, I>=0%, P=0.63).
Therefore, a fixed-effect model was used for Mate anal-
ysis. The results showed that the length of stay for total
hip arthroplasty via the DSA was lower than that of the
control group [MD=-0.61, 95% CI (—0.69, —0.52),
P<0.00001] (Fig. 8).In this study, five studies reported
postoperative hospital stays and we performed Mate
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analysis, which was statistically significant in terms of
postoperative hospital stay, and the DSA had a lower hos-
pital stay than the control group.

Secondary results

Operating time

Six studies [9, 13-15, 17, 18] recorded the operation time.
Due to the large heterogeneity of the results (x*=167.06,
df=5, P=97%, P<0.00001), the random effect model
was used for Mate analysis. The results showed that there
was no significant difference between the two groups
[MD=7.68, 95% CI (—1.01, 16.38), P=0.08] (Fig. 9), and
there was no difference in the operation time between
the DSA and the traditional approach.

Incision length
Two studies [13, 15] reported the length of surgical inci-
sions. Due to significant heterogeneity in the results

DSA group Control group Odds Ratio Odds Ratio
Study or Subgroup  Events Total Events Total Weight M-H. Fixed. 95% CI M-H. Fixed. 95% CI
Eustathios 2022 16 100 24 100 43.5% 0.60(0.30,1.22) —&T
M atthew 2020 6 333 140 3162 56.5% 0.40[0.17, 0.90) ——
Total (95% CI) 433 3262 100.0% 0.49 [0.29, 0.83] .
Total events 22 164
Heterogeneity: Chi*= 060, df=1{(P=0.44); I*=0% '0‘01 Ut1 ] 1'0 100'

Test for overall effect: Z = 2.66 (P = 0.008)

Fig. 6 Forest plot of blood transfusion rate

DSA group Control group

DSA group Control group Mean Difference Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Fixed. 95% CI IV, Fixed, 95% CI
Bouke 2020 03 05 52 01 05 52 94.8% 0.20[0.01, 0.39 :.'
Feng 2021 22 26 30 28 286 30 2.0% -0.60[1.92 0.72)
Leonard 2021 1.7 34 100 08 41 100 3.2% 0890[-0.14, 1.949
Total (95% CI) 182 182 100.0%  0.21[0.02, 0.39] e
Heterogeneity: Chi*= 3.14, df = 2 (P = 0.21); I*= 36% 5 g ’ ; 3
Test for averall effect: Z= 216 (P = 0.03) DSA group  Contral graup
Fig. 7 Forest plot of limb length differences
DSA group Control group Mean Difference Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Fixed. 95% CI IV, Fixed, 95% CI
Bouke 2020 24 1.2 52 28 11 52 4.0% -0.40[-0.84, 0.04] r
Eustathios 2022 232 056 100 3 075 100 23.4% -0.68[-0.86 -0.50) —=—
Feng 2021 38 11 30 41 1.2 30 2.3% -0.30[-0.88 0.29] —
Leonard 2021 209 22 100 274 117 100 3.3% -0.65[-1.14,-0.16]
Matthew 2020 1.7 09 333 23 1.4 3126 67.0% -0.60[-0.71,-0.49] . 3
Total (95% CI) 615 3408 100.0% -0.61[-0.69,-0.52] : 4
Heterogeneity: Chi*= 2.56, df = 4 (P = 0.63); 1*= 0% g = 5 . :

Test for overall effect: Z=13.37 (P < 0.00001) DSA group  Control group

Fig. 8 Forest plot of length of stay
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DSA group Control group Mean Difference Mean Difference
Study or Subgroup _Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV. Random, 95% CI
Bouke 2020 61 8 52 46 12 52 17.3% 15.00[11.08,18.92 -
Eustathios 2022 60.85 1374 100 61.35 1216 100 17.4% -0.50[-4.10, 3.10] - ol
Feng 2021 99 11 30 78 21 30 154% 21.00[12.52,29.45) —
Leonard 2021 7 128 100 693 121 100 17.59% 1.70[1.77, 517 ™
Matthew 2020 64 11 333 7 26 3162 17.9%  -7.00[-8.49 -551] -
Michele 2021 90 14 22 70 20 23 145%  20.00(9.95, 30.09 - 5
Total (95% Cl) 637 3467 100.0%  7.68[-1.01, 16.38] Tooatliiie--

Heterogeneity: Tau®= 109.54; ChF = 167.06, df= 5(P < 0.00001); F= 97%
Test for averall effect: Z=1.73 (P = 0.08)

Fig. 9 Forest plot of operating time

(**=7.21, df=1, P=86%, P=0.007), a random-effects
model was used for Mate analysis. As shown in the fig-
ure, the incision length of the DSA approach for total hip
arthroplasty was superior to the control group, with sta-
tistical significance [MD = —4.68, 95%CI (—5.49, —3.87),
P<0.00001] (Fig. 10). There was a difference in the sur-
gical incision between the DSA and the traditional
approach.

Sensitivity analysis

Sensitivity analysis was performed on the data of DSA
versus conventional access for total hip arthroplasty in
terms of operative time and surgical incision. When one
study was excluded individually and the MD values of the
remaining studies were combined, the values of 12 did not
change significantly and the results of the studies were
relatively stable, indicating that the results of the Meta-
analysis were reliable.

Discussion

THA is currently an effective method for relieving pain,
restoring joint function, and improving quality of life
in patients with end-stage hip osteoarthritis, femo-
ral neck fractures, and other conditions [19]. However,
surgical pain remains a significant concern, with one
of the important reasons being that different surgical
approaches cause varying degrees of soft tissue damage
during surgery [6]. In addition, the surgical approach for
total hip arthroplasty has a significant impact on postop-
erative gait, hip stability, and muscle function.

DSA group Control group

20 -0 0 10 20
DSA group  control group

Therefore, choosing the most appropriate surgical
approach for total hip arthroplasty to minimize soft tis-
sue damage, pain, and complications and to accelerate
postoperative functional recovery is crucial and is cur-
rently a controversial focus of total hip arthroplasty [20,
21]. One important direction in the improvement of sur-
gical techniques is the introduction of "small incisions"
or "minimally invasive" approaches, with the advantages
of reducing pain, decreasing anesthesia requirements,
and accelerating recovery and functional restoration
[22]. The DSA is a newly improved approach in recent
years [7]. Compared with the traditional posterior and
the posterior-lateral approaches, the DSA preserves the
gluteus medius, iliotibial band, and external obturator
tendon, causing less damage to the soft tissue of the hip
joint, such as the gluteus minimus and piriformis, thus
effectively reducing postoperative pain and dislocation.
However, the DSA requires the use of specific hooks and
instruments to facilitate the insertion of the femoral stem
and acetabular component [23].

Operating time

Excessive operative time prolongs the possible increase
in intraoperative bleeding, which increases the probabil-
ity of postoperative transfusion and leads to increased
potential surgical risks for patients, such as the risk
of allergic reaction to transfusion and infections from
infectious diseases. In the results of this study, it was
shown that in terms of operative time, the direct supe-
rior approach had a longer operative time, indicating an

Mean Difference Mean Difference
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Test for averall effect: Z=11.28 (P < 0.00001)

Fig. 10 Forest plot of incision length
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increased intraoperative risk of bleeding and infection
with the DSA compared to the conventional approach.
The mean operative time of the DSA was slightly longer
than that of the conventional approach, and the reasons
for this were analyzed: It may be due to the smaller skin
incision, reduced surface soft tissue stripping, and lim-
ited surgical field of view, which prolonged the operative
time [24], in addition, the incision suturing session was
mostly done by the junior surgeon at the end of the pro-
cedure, which may affect the overall operative time. In
addition, the longer operative time for the DSA may be
closely related to the learning curve. BabarKayani et al.
[23] reported a learning curve of 40 cases for the DSA,
and once surgical proficiency is achieved, the opera-
tive time is comparable to that of conventional surgery.
Therefore, training of orthopedic surgeons should be
enhanced to improve their proficiency in the DSA tech-
niques. In addition, the results of this research index have
high heterogeneity, and the reasons for the analysis may
vary due to the different countries and regions included
in the study, and the qualifications and experience of
surgeons.

Incision length

The size of the incision affects intraoperative blood loss
and operative time, as well as increases the risk of injury
to the vascular nerves, and a smaller incision allows for
a faster recovery and a reduced hospital stay [25]. The
results of this study showed that the DSA has significant
advantages in terms of surgical incision compared to the
conventional hip arthroplasty approach, and a total of
152 total hip arthroplasties with the DSA were included
in the study by Eustathios and Feng Bin et al. [13, 15],
with an average surgical incision<10 cm. Such small
incisions cause less damage to soft tissues and reduce
the damage to peri-articular soft tissues of medical ori-
gin. For example, a direct anterior approach can cause
lateral femoral cutaneous nerve injury [26], and a lateral
approach by severing the gluteus minimus for access may
lead to superior gluteal nerve injury [27]. In addition, the
posterior lateral approach requires the dissection of the
piriformis muscle to expose the joint capsule [28]. The
DSA incision is minimally invasive unlike the traditional
lateral and posterior lateral approaches, which preserve
the iliotibial bundle, femoral square, and obturator exter-
nus tendon [13]. The rate of postoperative dislocation is
reduced by not cutting the iliotibial bundle, the preserva-
tion of the short external rotators improves hip stability
and functional outcomes [23, 29]. Phruethiphat et al. [30]
proposed the piriformis-sparing approach for hemiar-
throplasty in elderly patients with femoral neck fractures,
and Hanly et al. [31] mentioned the SPAIRE approach
for total hip arthroplasty. Both approaches preserve the
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piriformis muscle and achieve better outcomes, such as
lower dislocation rates and faster recovery periods, but
do not preserve tissues such as the iliotibial bundle and
the distal short external rotators. However, there is a pau-
city of studies on the DSA versus the piriformis-sparing
and SPAIRE approach, and more evidence is needed to
illustrate the superiority of the DSA versus these two
approaches in terms of hip dislocation and functional
outcomes. Therefore, the DSA is beneficial for more rapid
patient recovery because of smaller surgical incisions and
less injury, thereby reducing the chance of postoperative
pain and swelling caused by the incision and reducing
postoperative complications.

Intraoperative blood loss and blood transfusion rate

The amount of blood loss and transfusion rate in hip joint
replacement surgery are closely related to intraoperative
bleeding, such as osteotomy, medullary cavity expansion,
soft tissue resection, and surgical time. Increased blood
loss and transfusion rate can cause hypoalbuminemia
and hypocalcemia, and the complications of hypoalbu-
minemia and hypocalcemia (such as muscle weakness,
spasms, etc.) can increase the length of hospital stay,
prolong the patient’s recovery process, and even increase
the chance of readmission [32]. The results of this study
showed that the amount of blood loss and transfusion
rate in total hip arthroplasty with DSA were lower than
those in the control group. The DSA, as a new approach,
although slightly longer in surgical time than the control
group, showed significant superiority in terms of bleeding
and transfusion rate. This may be related to the smaller
soft tissue damage and smaller incision of the DSA. Eus-
tathios et al. [15] and Matthew et al. [17] found that the
DSA reduced intraoperative blood loss and transfusion
rates by 8% and 2.6%, respectively, compared to the con-
trol group. Therefore, compared to traditional surgery,
the DSA can reduce the incidence of complications such
as hypoalbuminemia after total hip arthroplasty. Intraop-
erative blood loss is also an independent risk factor for
transfusion after hip replacement surgery. Less bleeding
reduces the transfusion rate after surgery. In addition,
in situations where blood products are scarce, the DSA
can allow for more effective use of blood due to its lower
transfusion rate.

Length of stay

The length of hospital stay can affect patients’ physi-
ological, psychological, and Social aspects. A shorter
hospital stay can reduce the psychological and economic
pressures caused by the disease [33, 34]. The results of
this study show that the hospital stay of the DSA group
is shorter than that of the traditional method group.
H.J. Leonard et al’s study [18] suggests that DSA is also
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superior to traditional total hip replacement in terms
of postoperative physical rehabilitation time. There-
fore, using the DSA technology for surgery significantly
reduces the cost of total hip replacement. In addition,
it also saves our limited medical resources to a certain
extent, making medical resources used reasonably.

Limb length differences and hip harris score

Differences in lower extremity length lead to compen-
satory and adaptive changes in certain musculoskeletal
systems, starting with the psychemotional state of the
patient and eventually leading to persistent anatomi-
cal and functional disturbances [35, 36]. But the overall
impact depends on the cause and magnitude of the dif-
ference [37]. The results of this study showed that the tra-
ditional group was superior to the DSA group in terms of
the difference in the length of the bilateral lower extremi-
ties. The reason for this result may be that TsiridisE et al.
[38] found that DSA has problems such as exposure field
of view, small range, and narrow operating space, which
affects the judgment and control of the prosthesis place-
ment angle. The difference in the length of the lateral
lower extremity was slightly larger, but these differences
had little effect on the function of the postoperative hip
joint of the patients. The HHS was developed to assess
the outcome of hip surgery to assess various hip dis-
abilities and treatments in the adult population, with
higher HHS indicating greater hip physiology [39, 40].
The results of this study showed that there was no sig-
nificant difference in mid-term HHS scores between the
two groups, but due to the short overall follow-up time,
long-term follow-up evaluation is still needed for long-
term efficacy. Eustathios et al. [14] collected the postop-
erative Harris hip joint data of 100 patients in the DSA
group and found that the postoperative 1-month results
of the DSA group were better than those of the tradi-
tional group. However, these long-term results require
further research. In addition, in this study, only two stud-
ies with a total of 152 patients were included in the analy-
sis, which may limit the accuracy of our judgment.

Oxford hip score

The OHS score is a comprehensive marker widely
used to evaluate the hip function and assess the out-
come of hip arthroplasty [41]. The OHS is a validated
self-administered questionnaire consisting of 12 items
related to daily tasks directly affected by poor hip func-
tion, with higher scores indicating better hip function in
the short term after hip replacement [42]. In this study,
the results showed that the OHS of the DSA group was
slightly better than that of the conventional surgery
group 3 months after surgery. Therefore, the DSA has
certain advantages in early postoperative recovery. At the
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12-month follow-up, there was little difference between
the two groups. Based on the above analysis, the DSA
can significantly improve the early functional recovery
of patients after surgery, and improve the satisfaction
and acceptance of hip replacement. However, there is lit-
tle difference between the DSA in terms of medium- and
long-term safety and effectiveness. To seek a longer-term
curative effect, further research is needed, as well as
more clinical data support.

Limitations

This article has some limitations: (1) the follow-up and
some evaluation metrics were inconsistent across stud-
ies, (2) the analysis lacked detailed scoring data and did
not assess complication rates, (3) only published studies
were included, therefore, unpublished articles may affect
the final results, (4) the DSA technique was first reported
in 2012 and still requires a multicenter, larger sample of
follow-up evaluations to determine its long-term efficacy
and complications, (5) the limited literature included
in this article and the small number of RCTs may affect
the reliability of the results, larger sample sizes and well-
designed RCTs are needed to confirm our conclusions,
(6) In the current study, some of the parameters, such as
operative time and incision length, had a high degree of
heterogeneity, so their reliability was low.

Foreground perspective

In actual clinical practice, this study provides an evi-
dence-based basis for orthopedic surgeons to choose a
surgical approach with few complications, rapid recovery,
and minimal injury. The use of direct superior approach
for total hip arthroplasty, without affecting the position
of the acetabular prosthesis, can avoid muscle injury and
obtain rapid recovery of hip function, which is a safe
and reliable surgical access and is worthy of promotion
and application. The description "Minimally Invasive
Surgery" (MIS) is fuelling new interest among orthope-
dic surgeons in surgical access to the hip, and minimally
invasive orthopaedics is more the future.

Conclusions

The results of this study show that there is no significant
difference in early hip-related scores between the DSA
group and the conventional approach group after surgery.
However, the DSA approach is superior to the traditional
approach in terms of incision length, blood loss, postop-
erative transfusion rate, and early postoperative HHS. In
addition, our study concludes that due to less tissue dam-
age caused by DSA, it has potential advantages such as
accelerating postoperative recovery, shortening hospi-
tal stay stays, and reducing patient economic pressure,
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which can significantly improve patient quality of life and
satisfaction.
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