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Introduction

Total hip arthroplasty (THA) is one of the most frequently 
performed and effective procedures worldwide, with more 
than 1 million THAs currently performed worldwide each 
year [1, 2]. With the innovation of technology, THA has 
many approaches, such as posterior, posterolateral, lateral, 
the anterolateral approach and direct anterior approach [3]. 
However, in terms of duration of operation, implant loca-
tion, learning curve, blood loss, functional outcomes, and 
complications, there is still no one approach that is com-
pletely superior to the others [4–6]. To ensure rapid and 
comprehensive functional recovery, increasingly THA min-
imally invasive techniques are being invented by surgeons 
[7]. Among them, A minimal oblique incision using the 
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Abstract
Background  We have innovatively developed a modified bikini direct anterior approach total hip arthroplasty (THA), endos-
copy assisted minimal invasive direct anterior approach (Endo-DAA). The study compared aesthetic appearance of the scar, 
postoperative radiographic and functional outcomes, and complications of Endo-DAA with Bikini-DAA.
Methods  Patients who underwent primary THA using Endo-DAA or Bikini-DAA were included. The main innovation of 
Endo-DAA is the use of minimally invasive 5–7 cm proximal transverse incision and distal puncture with an endoscopy 
assisted split-type tool to complete the acetabular preparation and prosthesis implantation. Outcomes evaluated included 
evaluation of scar satisfaction, hip reconstruction including inclination, anteversion and leg-length discrepancy (LLD) 
and patient-reported outcomes including Harris Hip Scores (HHS) and Forgotten Joint Score (FJS). Follow-up time points 
included preoperative, 6 weeks, 6 months and 12 months.
Results  Finally, 195 hips in Endo-DAA and 207 hips in Bikini DAA completed the follow-up. The Endo-DAA group was 
superior to the Bikini-DAA group in the cosmetic aspects of scars. the cup anteversion angle of Endo-DAA group was 
significantly better than that in the Bikini-DAA group. The early HHS and FJS of the Endo-DAA group were superior to 
those of the Bikini-group. Operation time, blood loss, incision length, length of stay and duration to start no-assistive-device 
walking were also significantly better in the Endo-DAA group. Furthermore, the Bikini-DAA group had a higher incidence 
of complication.
Conclusion  Compared with Bikini-incision, Endo-DAA improves patients’ subjective satisfaction with scar aesthetics, 
accelerates rapid recovery of postoperative function, and reduces postoperative complications.

Keywords  Endoscope · Direct anterior approach · Bikini · Total hip arthroplasty · Complications

Received: 26 February 2024 / Accepted: 22 June 2024
© The Author(s), under exclusive licence to Springer-Verlag GmbH Germany, part of Springer Nature 2024

Comparison of postoperative outcomes between endoscopy assisted 
minimal invasive direct anterior approach and bikini direct anterior 
approach in total hip arthroplasty

Zhibo Deng1,2 · Hanhao Dai1,2 · Chao Song1,2 · Fenqi Luo1,2 · Yijing Wu1,2 · Rongsheng Zhang1,2 · Jun Luo1,2 · Jie Xu1,2

1 3

http://crossmark.crossref.org/dialog/?doi=10.1007/s00402-024-05419-x&domain=pdf&date_stamp=2024-6-27


Archives of Orthopaedic and Trauma Surgery

groin cleavage line (bikini incision) DAA achieved encour-
aging results, especially in improving aesthetics and postop-
erative scarring [8].

The longitudinal incision length of the traditional DAA 
is approximately 12 cm [9], and the incision is lateral to the 
tensor fascia lata. The inconsistency of this incision with the 
muscle space often makes the operation of the femur side 
difficult. Bikini‑DAA, which is placed in the same direc-
tion as groin crease, can reduce the complications of poor 
incision healing [10]. Leunig et al. [11]. also demonstrated 
that Bikini-DAA has an advantage in controlling wound 
complications. Bikini-DAA also retains the advantage of 
using the neuromuscular space to access the joint capsule to 
significantly reduce soft tissue damage [12]. However, Jin 
et al. [12] reported that 12% of patients in the Bikini-DAA 
group developed LFCN complications. In addition to this, 
the steep learning curve about Bikini-DAA is also causing 
concern for beginners [13, 14]. Furthermore, Banasiak et 
al. [5] have shown that Bikini-DAA has a high incidence of 
lymphedema after surgery.

Bikini incisions in the groin are usually at the same level 
as the acetabulum, thus it is less extensile compared with 
the classic longitudinal incision [11]. Surgeons also have 
difficulty using conventional tools to prepare the acetabular 
side and implant the prosthesis, and patients who are obese 
or muscular or who have a short femoral neck or a pro-
truding acetabular may represent a more specific problem 
[15]. Therefore, we designed an endoscopy assisted mini-
mal invasive direct anterior approach technique for THA 
(Endo-DAA-THA). A proximal transverse bikini incision of 
5–7 cm and a distal puncture point through the intermus-
cular space were used to prepare the acetabular side and 
implant the prosthesis with an endoscopically assisted split-
type tool. The initial study in our research center found that 
Endo-DAA achieved favorable short-term clinical efficacy 
[16, 17].

This retrospective study was designed to evaluate two dif-
ferent types of DAA: (1) the effect of Endo-DAA on wound 
aesthetics compared with Bikini-DAA; (2) Radiological 
differences in implant position when using Endo-DAA 
compared to Bikini-DAA; (3) Differences in functional 
outcomes and complications between Bikini-DAA and 
Endo-DAA.

Materials and methods

Patients

The retrospective study, as a single-center study, was con-
ducted according to the Strengthening the Reporting of 
Observational Studies in Epidemiology: the STROBE 

Statement [18]. Patients in our hospital who underwent 
THA using Endo-DAA or Bikini-DAA between 1 January 
2019 and 31 December 2022 were enrolled. Inclusion crite-
ria: (i) 18 years old; (ii) Patients receiving a primary unilat-
eral THA for diagnosis of avascular necrosis of the femoral 
head, neck fracture, congenital hip dysplasia (Crowe type 
1, 2), osteoarthritis, rheumatoid arthritis, or post-traumatic 
arthritis. Exclusion criteria: (i) Patients undergoing revi-
sion hip arthroplasty; (ii) Patients who are unwilling to 
attend regular follow-up visits; (iii) Body mass index 
(BMI) > 30 kg/m2.

The study was approved by the Institutional Ethics Com-
mittee and was conducted in accordance with the Declara-
tion of Helsinki. Patient data was collected for research with 
the informed consent of all patients.

Surgical technique

Anesthesia and position

Both DAA THA (Implant: Pinnacle Acetabular Cup Sys-
tem and Corail/Tri-lock Hip System by DePuy, Johnson 
and Johnson, USA) procedures were performed randomly 
by two surgeons (including JX and FL). Prior to this study, 
both surgeons had performed at least 50 surgeries using 
either Bikini-DAA or Endo-DAA. The patients were placed 
in the supine position. The pubic symphysis of patients was 
aligned with the fold of the operating table. Local infiltra-
tion analgesia was performed before skin incision (Fig. 1).

Surgical procedure

Endo-DAA  The intermuscular approach of Endo-DAA was 
similar to the Bikini-DAA described by Nizam et al. [19]. As 
described previously [17], 5–7 cm skin incision was placed 
in the lateral groin crease (Fig. 2A). After entering the gap 
between tensor fascia latae (TFL) and sartorius, the tissue 
on the medial side of the Hueter space was placed medial 
to minimize damage to the lateral femoral cutaneous nerve 
(LFCN). To expose laterally the vastus lateralis, a branch of 
the lateral circumflex artery was ligated in the Hueter space. 
After the anterior articular capsule was dissected like flap 
shaped. According to the preoperative measurements, the 
femoral neck was cut off by segmental method to facilitate 
the removal of the femoral head through the minimally inva-
sive incision (Fig. 2B). A puncture was made on the skin 
surface located in the muscle space and was 10 cm distal 
to the main surgical incision. A trocar with 10 mm in diam-
eter was placed in the puncture (Fig. 2C). Next, the prepa-
ration of acetabular side was performed under endoscopy 
(Stryker laparoscope, USA) (Fig.  2D-E). Meantime, the 
puncture can also be used as an entry point for the modular 
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handle (Johnson & Johnson, USA). Finally, the anteversion 
and inclination were adjusted endoscopically (Fig. 2F-G). 
The acetabular prosthesis was pressed through the puncture 
point with modular handle until satisfactory.

The surgeon externally rotated the involved lower limb 
for the femoral preparation, adduction was performed, and 
the folding table was extended for 30–40° to provide a 
hyperextension position. An elevating retractor was inserted 
posterior to the greater trochanter to lift the femur for more 
extensive exposure. The medullary cavity was reamed 
according to the preoperative measurement(Fig. 2H). After 

the length of the lower limbs, the stability of the prosthesis, 
the joint mobility, and the impingement phenomenon were 
checked by x rays and physical examination, the femoral 
stem prosthesis and femoral head were inserted.

Bikini-DAA  In the Bikini-DAA group, the surgical opera-
tions were performed through a horizontal incision about 
6–8 cm in length [19]. Neither the endoscopy nor the punc-
ture incision was utilized.

In both groups, the joint capsule was sutured without 
the placement of drainage tubes and the wound was closed 

Fig. 2  Procedure of the Endo-DAA. (A): 5–7  cm skin incision was 
placed in the lateral groin crease. (B): Femoral head was taken out 
through the minimally invasive incision. (C): A puncture incision 
with a length of about 1 cm was made at a distance of about 10 cm 
from the distal end of the horizontal incision through the muscle space 
with the “finger touch method”. A 10 mm diameter trocar was then 

inserted into the puncture incision. (D-E): The acetabular preparation 
was performed endoscopically. (F-G): After the acetabular prosthe-
sis was placed, the inclination and anteversion of the prosthesis were 
adjusted under the endoscopy. (H): The femoral preparation was per-
formed with the aid of the elevating retractor. (I-J): The surgical scars 
of Endo-DAA after surgery and at postoperative 6 months

 

Fig. 1  STROBE flowchart illustrating the inclusion process

 

1 3



Archives of Orthopaedic and Trauma Surgery

(very satisfied, satisfied, unsatisfied, or very unsatisfied) 
was also recorded [21].

Complications

We also analyzed the occurrence rate of various adverse 
events after surgery. Complications included LFCN injury 
(defined as numbness of the nerve area innervated by 
LFCN), wound dehiscence, delayed wound healing (defined 
as non-healing of the wound at 2 weeks after surgery), thigh 
pain (visual analogue scale ≥ 3), deep infection, venous 
thrombosis, pulmonary embolism, prosthesis loosening, 
periprosthetic fracture, hip dislocation, and any adverse 
events need for return surgery. Deep infection was defined 
as a bacterial breach of a deeper layer (tensor fascia latae), 
also known as a prosthetic joint infection (PJI).

Data analyses

All analyses were performed using SPSS 25.0 (IBM, USA) 
statistical software package. continuous variable data were 
expressed as mean and standard deviation (SD) or range, 
while categorical variables were expressed as frequencies 
or percentages. Kolmogorov-Smirnov test was used for 
normality of continuous variables. For comparison between 
groups, independent sample t test was used if continuous 
variables met normality, otherwise, Mann-Whitney U test 
was used. Fisher’s exact test was used for categorical vari-
ables. Repeated-measures analysis of variance was per-
formed to define the differences at different time points 
within the group. All tests were bilateral. When p < 0.05, the 
difference was considered statistically significant.

Results

Demographic data

As shown in Fig.  1, a total of 443 patients initially com-
pleted the Endo-DAA, but ultimately 419 patients met the 
inclusion criteria. Of these, 17 patients were lost to follow-
up, and 195 hips in the Endo-DAA group and 207 hips in 
the Bikini-DAA group were reported and entered the stage 
of data analysis. As shown in Table 1, there were no signifi-
cant differences in demographic or clinical characteristics 
between the two groups. All patients were followed up for 
more than 1 year.

Surgical variables and radiographic measurements

The results showed that operation time (64.7 ± 11.9 
vs. 83.1 ± 14.2  min), blood loss (155.2 ± 31.6 vs. 

with absorbable sutures by the standard layered manner [19] 
(Fig. 2I).

Perioperative interventions

All patients received the same standardized treatment before 
and after surgery, including pain management and reha-
bilitation protocols [20]. In addition, all patients received 
weight-adjusted prophylactic antibiotics and thrombosis 
prophylaxis [21]. Patients can begin quadriceps isometric 
contraction training and ankle flexion and extension activi-
ties after the operation. On the day of the operation, patients 
are encouraged to get up and start weight-bearing exercise.

Radiographic measurements

The cup inclination was measured on postoperative antero-
posterior pelvic radiographs, that is, the angle between the 
line connecting the ischial tubercles and the line passing 
through the ellipse described by the acetabular cups [22]. 
The inverse trigonometric function (arcsin (D1/D2)) of the 
ratio of the length of the major axis (D1) to the minor axis 
(D2) of the ellipse matching the partial edge of the acetabu-
lum was used to calculate the cup anteversion [23]. Appro-
priate anteversion was defined as 15° (± 10°) and inclination 
was defined as 40° (± 10°) (Lewinneck’s safe zone) [24]. 
The leg length discrepancy (LLD), the difference in the 
vertical distance between the straight line through the two 
teardrop points and the corresponding tips of the lesser tro-
chanter of the femur on both sides, was measured on the 
anteroposterior pelvic radiographs [25]. All measurements 
were done by two experienced surgeons and the average of 
the two measurements was taken as the final value.

Clinical measurements

Perioperative data including operating time, incision length, 
blood loss, and length of stay were collected. The patients 
presented to the outpatient department for routine follow-
up at 3, 6, 12 months, and then followed up once a year. 
Evaluation measures included postoperative complications, 
Harris hip score (HHS) [26] and forgotten joint score (FJS). 
The FJS is a 12-question questionnaire designed to measure 
patient satisfaction. Scores are added and converted to a 
100-point scale, with higher scores representing higher sat-
isfaction and results [27]. At 6 months after surgery, scar 
cosmesis assessment and rating(scar) scale was used to 
evaluate the aesthetic appearance of scars [28] (Fig. 2J). The 
scale is scored on a scale of 0 to 15, with 0 indicating the 
best scar outcome and 15 indicating the worst scar outcome. 
Besides, the patient’s satisfaction with the scar’s appearance 
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Radiographic analysis of the prosthesis showed that the 
cup anteversion in the Endo-DAA group was significantly 
better than that in the Bikini-DAA group(14.7 ± 2.2 vs. 
12.1 ± 3.4, P < 0.001), and the proportion of cup anteversion 
within the “Lewinneck safe zone” in the Endo-DAA group 
was also significantly higher than that in the Bikini-DAA 
group (Fig. 3). There was no significant difference in cup 
inclination between the two groups. The absolute value of 
LLD exceeded 7 mm in none of the patients. (See Table 2 
for details).

Functional outcomes

The time for Endo-DAA group to start no-assistive-device 
walking was significantly shorter than that for Bikini-
DAA group (P < 0.001, Table 3). In the Endo-DAA group, 
96.9% patients started no-assistive-device walking within 
12 h after surgery. In the Bikini DAA group, only 46.9% 
of patients started no-assistive-device walking within 
12 h after surgery. As shown in Table 4, HHS and FJS of 
all patients significantly improved after surgery compared 
with those before surgery. At the early postoperative fol-
low-up, the Endo-DAA group had significantly better HHS 
(78.8 ± 11.3 vs. 67.1 ± 10.2, P < 0.001) and FJS (62.6 ± 18.2 
vs. 54.2 ± 18.0, P < 0.001) than that in Bikini-DAA group. 
There was no significant difference between the two groups 
at 6 months and 12 months follow-up. At 1 year follow-
up, HHS of Endo-DAA group and Bikini-DAA group also 
reached 93.4 ± 6.4 and 93.7 ± 5.4 points respectively, and 

164.1 ± 34.9 ml), incision length (5.4 ± 0.6 vs. 7.0 ± 0.9) and 
hospital stay (2.4 ± 1.3 vs. 4.1 ± 1.6) in Endo-DAA group 
were significantly lower than those in bikini-DAA group 
(all P < 0.05).

Table 1  Demographics of patients
Endo-DAA 
group 
(n = 195)

Bikini-
DAA group 
(n = 207)

P 
value

Number of patients 195 207
Age(years)[Mean ± SD] 60.9 ± 10.8 61.5 ± 13.3 0.621
Gender(Male/Female) 96/99 108/99 0.555
Side(left/right) 98/97 101/106 0.769
BMI (kg/m2) [Mean (Range)] 23.9 ± 2.7 23.4 ± 2.8 0.069
Diagnoses 0.981
Osteoarthritis 19 21
Posttraumatic arthritis 21 25
Fractures 46 43
Avascular necrosis 86 95
Rheumatoid arthritis 13 12
Sequela of developmental hip 
dysplasia

10 11

Mean Follow-Up (Years) [Mean 
(Range)]

3.0 
(1.1-5.0)

3.1 
(1.0–5.0)

Abbreviation BMI Body mass index

Table 2  Surgical variables and radiographic measurements between 
the two groups
Outcomes Endo-DAA 

group 
(n = 195)

Bikini-
DAA group 
(n = 207)

P value

Operating time (min) 64.7 ± 11.9 83.1 ± 14.2 < 0.001
Estimated blood loss (ml) 153.2 ± 31.6 164.1 ± 34.9 0.001
Incision length (cm) 5.4 ± 0.6 7.0 ± 0.9 < 0.001
Length of stay (day) 2.4 ± 1.3 4.1 ± 1.6 < 0.01
Cup inclination (°) 39.5 ± 5.2 38.9 ± 4.9 0.234
Within the “safe zone” (n) 188(96.4%) 198(95.7%) 0.698
Cup anteversion (°) 14.7 ± 2.2 12.1 ± 3.4 < 0.001
Within the “safe zone” (n) 191(97.9%) 167(80.7%) < 0.001
Leg-length discrepancy 
(mm)

1.1 ± 3.5 1.2 ± 3.0 0.758

Table 3  Comparison of the duration to start no-assistive-device walk-
ing between all groups
Postoperative time Endo-DAA group

(n = 195)
Bikini-DAA group
(n = 207)

< 0.001

< 12 h 189(96.9%) 97(46.9%)
12–24 h 6(3.1%) 105(50.7%)
> 24 h 0 5(2.4%)

Table 4  Clinical outcomes at different follow-up time points between 
groups
Outcomes Endo-DAA group

(n = 195)
Bikini-DAA group
(n = 207)

P value

HHS
Before operation 36.3 ± 13.0 35.1 ± 13.4 0.363
6 weeks 78.8 ± 11.3 67.1 ± 10.2 < 0.001
6 months 85.4 ± 8.4 86.5 ± 8.1 0.182
12 months 93.4 ± 6.4 93.7 ± 5.4 0.611
FJS
6 weeks 62.6 ± 18.2 54.2 ± 18.0 < 0.001
6 months 71.2 ± 17.4 72.9 ± 16.8 0.320
12 months 84.4 ± 13.9 83.6 ± 14.6 0.574
Abbreviation HHS Harris Hip Score, FJS Forgotten Joint Score

Fig. 3  Scatterplot of acetabular component alignment in both groups. 
Square box reflects the “safe zone”
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and hip reconstruction with better cup anteversion. Subse-
quently, Endo-DAA can start no-assistive-device walking 
within a shorter time after surgery and provide better HHS 
and FJS scores in the early postoperative period. Moreover, 
Endo-DAA provided better scar scores than Bikini-DAA, 
and Endo-DAA had a higher percentage of very satisfied 
or satisfied with the cosmetic aspects of the scars. Finally, 
Endo-DAA has a lower rate of minor complications.

To ensure rapid and early functional recovery with fewer 
complications, many minimally invasive techniques in THA 
have been rapidly developed [29]. The anterior approach 
enters the surgical site from the muscle space, with a small 
degree of muscle damage and a low incidence of compli-
cations making DAA increasingly popular [30]. However, 
Tissot et al. [31]. showed that compared with the posterior 
approach, standard longitudinal incisions with DAA are still 
associated with a higher incidence of infection complica-
tions and nerve injury. A systematic review also showed 
that the longitudinal incision of DAA was prone to form 
large scars in the later stage [32]. To prevent hypertrophic 
scarring and optimize cosmetic outcomes, Corten et al. [33] 
and Nizam et al. [19]. applied Bikini-DDA to THA patients 

FJS also reached 84.4 ± 13.9 points and 83.6 ± 14.6 points 
respectively.

SCAR scores and satisfaction

At 6 months after surgery, patients in the Endo-DAA group 
had better SACR scores (5.8 ± 1.5 vs. 7.6 ± 1.9, P < 0.001). 
Meantime, a significantly higher proportion of patients in 
the Endo-DAA group were very satisfied or satisfied with 
the cosmetic aspects of the scars than that in the bikini-DAA 
group (96.9% vs. 82.6%, P < 0.001) (Table 5).

Complications

There were four hips in the Endo-DAA group (2.1%) and 
twelve hips in the Bikini-DAA group (5.8%) with related 
complications, and the incidence of total and minor com-
plications was significantly lower in the Endo-DAA group 
than that in the Bikini group (P < 0.05) (Table 6).

In the Endo-DAA group, one patient suffered a peripros-
thetic fracture (Vancouver A) due to a fall, which improved 
after conservative treatment. One hip with femoral neck 
fracture developed lower limb venous thrombosis after 
surgery, and the thrombosis disappeared after 4 weeks of 
oral anticoagulant accompanied by appropriate activities. In 
addition, one superficial wound infection was treated with 
antibiotics based on antibiogram. One Wound dehiscence 
occurred 2 days postoperatively, which healed after surgi-
cal debridement and antibiotic treatment. In the Bikini-DAA 
group, one recurrent dislocation was recorded one month 
postoperatively, and treated with reoperation. Deep vein 
thrombosis was found in two patients within 3 days after 
surgery, which recovered with adherence to anticoagulants. 
Besides, two superficial wound infection was recorded 
3 days postoperatively, and treated with antibiotics. one 
patient with wound dehiscence was treated with disinfec-
tion daily, lasting for 2 weeks, and two cases of wound 
dehiscence were treated with debridement. One hematoma 
and one thigh pain (VAS ≥ 3 points) were relieved within 2 
weeks. Furthermore, two LFCN dysesthesia (presented at 2 
days) recovered 3 weeks later.

Discussion

To the best of our knowledge, this is the first study to describe 
differences in radiographic and functional outcome between 
minimally invasive endoscopic DAA and Bikini-DAA in 
THA. With a mean follow-up of 3.0 years, compared with 
Bikini-DAA, Endo-DAA had a shorter length of incision, 
the operation time, the blood loss and postoperative hospi-
tal stay. Endo-DAA provides reliable prosthesis positioning 

Table 5  Comparison of SCAR scores and satisfaction levels between 
the two groups at 6 months
Degree Endo-DAA 

group 
n = 195)

Bikini-DAA 
group(n = 207)

P value

SCAR scores 5.8 ± 1.5 7.6 ± 1.9 < 0.001
Satisfaction with scar < 0.001
Very satisfied 153 131
Satisfied 36 40
Unsatisfied 6 34
Very unsatisfied 0 2
Abbreviation SCAR Scar Cosmesis Assessment and Rating

Table 6  Major and minor complications
Complications Endo-DAA 

group 
(n = 195)

Bikini-
DAA group 
(n = 207)

P 
value

Major complications 0.528
Prosthesis loosening 0 0 NA
Periprosthetic fracture 1 0 0.485
Dislocation 0 1 0.515
Deep Venous Thrombosis 1 2 0.522
Deep infection 0 0 NA
Reoperation 0 1 0.515
Minor complications 0.039
Superficial infection 1 2 0.522
Wound dehiscence 1 3 0.334
Thigh pain 0 1 0.515
Hematoma 0 1 0.515
LCFN dysesthesia 0 2 0.265
Total complications 4 12 0.046
Abbreviation LFCN lateral femoral cutaneous nerve
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through the distal puncture under endoscopic monitoring. 
In addition, Endo-DAA provides the surgeon with a better 
position of the acetabular prosthesis under the field of view 
provided by the endoscope. A good surgical vision can pro-
vide a relatively short learning curve for beginners. Bikini-
DAA has a longer learning curve because of its minimally 
invasive incision and the use of eccentric device. The Endo-
DAA also avoids the challenge of excessive cup inclination 
and anteversion angle that would be caused by the bikini 
approach.

Endo-DAA has a higher functional score in the early 
stage, which helps patients return to life more quickly. 
Meantime, the higher FJS of Endo-DAA in the early stage 
can also convince patients that this is a natural, forgotten 
artificial joint. FJS presents patients’ subjective feelings by 
assessing the extent to which patients forget the existence of 
artificial prostheses in daily life [36], and it has been veri-
fied in THA patients with good reliability and validity [37]. 
At early follow-up, FJS in Endo-DAA group exceeded 60 
points. These results were better than the FJS of Zhang et al. 
[38] in the early FJS after conventional DAA (50.78 ± 7.57). 
The reason why Endo-DAA enables patients to forget this is 
an artificial joint prosthesis early on, we think that in addi-
tion to the fact that we apply the smallest possible mini-
mally invasive incision and less soft tissue damage. During 
the femoral preparation, the continuous use of the hook and 
retractor in Bikini-DAA to fully expose the proximal femur 
also caused muscle damage. However, the proximal femur 
was exposed with the proximal femur lifting device in Endo-
DAA, which provided a reliable fulcrum for the preparation 
of femoral reaming and the implantation of prosthesis, thus 
reducing the difficulty of operation and avoiding the influ-
ence on muscles. Furthermore, satisfactory scarring can 
enable patients to achieve the purpose of accelerated recov-
ery, can enable patients to return to life and work earlier, and 
help patients feel that this is a natural joint.

In addition, there was no LFCN injury in Endo-DAA 
group. Conventional DAA has a longer incision, which is 
prone to damage the lateral branch of LFCN [39]. One of 
the reasons that Endo-DAA has an advantage in LFCN may 
be that we carefully limited the incision length outside the 
perpendicular line of the anterior superior iliac spine to more 
than two thirds of the total incision length to protect LFCN 
from direct trauma [21]. Simultaneously, the LFCN injury 
seems to be a reversible sensory disturbance caused by the 
pressure of the retractor, rather than an irreversible injury 
caused by the detachment. In Endo-DAA, we can perform 
the procedure on the acetabular side under endoscopy with-
out the need for retractors to expose the field of view. Thus, 
Endo-DAA avoids direct and indirect damage to LCFN.

In summary, we provide an endoscopy assisted minimally 
invasive surgical technique in THA with less interference to 

and achieved good clinical improvements. Therefore, the 
Bikini incision is a safe alternative to the traditional lon-
gitudinal incision [34]. But Di et al. [32] demonstrated that 
absolute complication rates were higher in the Bikini group 
compared to the DAA group. Besides, transverse incisions 
in Bikini-DAA is often at the same level or higher than the 
acetabulum and is not conducive for surgeon to acetabular 
preparation [32]. Consequently, it is an urgent problem to 
find an ideal surgical technique that can preserve Bikini’s 
beautiful incision without damaging muscles and nerves 
and can reduce the incidence of the above complications.

In an effort to improve healing and cosmesis, a new sur-
gical technique for DAA THA has been created. We found 
that the Endo-DAA technique was superior to Bikini-DAA 
in terms of patient blood loss, operative time, and hospital 
of stay. Similar to the conventional bikini incision, the main 
incision in Endo-DAA is placed at the lateral groin crease 
via the Langer’s line avoiding any tension during healing. 
However, the difference is that the incision length is shorter 
in Endo-DAA (5.4 ± 0.6 vs. 7.0 ± 0.9 cm). The smaller inci-
sion length, one of the innovations of Endo-DAA, allows 
the incision to avoid the groin crease. Since Bikini-DAA 
perform surgical procedures through the incision approach 
directly, a larger incision is required for better surgical 
exposure and more ideal alignment of the prosthesis compo-
nents. In Endo-DAA, preparation of the acetabular side can 
be done by using a split tool under endoscopic monitoring. 
Thus, incisions in Endo-DAA are limited only by the size of 
the acetabular component.

Meantime, surgical scars in Endo-DAA are finer and 
more hidden. Therefore, a larger proportion of Endo-DAA 
patients were satisfied with scar appearance, and SCAR 
scores were significantly better. In Endo-DAA, the con-
necting rod can be entered through the puncture point to 
avoid iatrogenic damage to the soft tissues such as muscles 
for better visual field and operating space. We make the 
puncture incision by using the “finger touch method” from 
the inside out. Our puncture incision is made through the 
muscle space without cutting the muscle, so this technique 
can relatively further reduce the damage for muscle. Above 
advantages also helped patients achieve better functional 
scores at an early stage.

Our results suggest that Endo-DAA can achieve credible 
prosthetic location and better cup anteversion. Compared 
with the DAA reported by Verhaegen et al. [35], which 
showed an increasing trend of inclination and anteversion, 
Endo-DAA was also relatively better. In this study, the Endo-
DAA also has a higher percentage of anteversion within the 
“Lewinneck safe zone”. While the bikini approach requires 
the use of an eccentric instrument, we used the Endo-DAA 
from an endoscopically assisted incision, and preparation 
of the acetabular side can be done using a split-type tool 
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