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Can skin crease 'bikini' incision diminish
the rate of complications in direct anterior approach
for total hip arthroplasty?
Fernández-Valencia JAJFV , Muñoz-Mahamud E EM , Tornero E, Capurro B, Alías A, Gallart X.
Hip Unit. Department of Orthopaedic Surgery. Hospital Clínic. University of Barcelona, Spain.

Abstract
The direction of the cutaneous incision in anterior approach for total hip arthroplasty can play a role in order to improve results.
We performed a retrospective study evaluating our initial experience with the ´bikini´ approach for total hip arthroplasty (THA).
We compared the results of 42 THA in 42 patients operated with conventional direct anterior approach (DAA) (Group 1) to the
results of 21 THA in 21 patients operated with skin crease ´bikini´ incision (Group 2) being the fist cases operated in our center
with this technique modification. Patients of group 1 were operated by two surgeons. Patients of Group 2 were operated by only
one surgeon having a previous experience of over 100 DAA THA.
Results. Group 1: 1 intra-operative fracture (tip of greater trochanter), 1 prolonged wound drainage, 3 delayed wound healing, 2
abnormal wound healing (keloid), 1 infection (S. Epidermidis, solved with debridement antibiotic and implant retention) and 5
patients with symptoms of LCFN damage (4 hypoesthesia, 1 dysaesthesia). Group 2: 0 intra-operative fractures, 0 prolonged
wound drainage, 0 delayed wound healing, 0 abnormal wound healing, 0 infection and 1 patient with symptoms of LCFN
damage (1 hypoesthesia). Regarding the sum of the complications, Group 1 presented a total of 14 complications (33.3%) while
Group 2 presented just 1 case (4.7%) p=0.01.
Conclusions. Despite the retrospective nature and the low power of this study due to the limited number of cases for each group
analyzed, based in the reported experience and the previously published by other authors, we consider that the skin crease
´bikini´ incision for THA can be introduced as a safe technique for surgeons with experience in DAA, and it could be of value in
order decrease in the number of complications. However, we would like to outline that this is a very demanding procedure, and
more evidence is needed, with better designed, and more powered studies in order to determine the reproducibility between
different centers and surgeons.
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wound dehiscence, prolonged drainage, keloid or

Introduction

hypertrophic response, or even infection.

The direction of the incision of the skin for total hip

A new approach has been described, the bikini incision,

arthroplasty (THA) is commonly performed parallel to the

following the rule of the Langer lines, also known as skin

axis of the femur or with some degree of inclination. Usually,

cleavage or tension lines (1,2), and very satisfactory results

the skin of the hip has a satisfactory healing and the direction

have been published (3,4). We aim to compare the results of a

is not a relevant matter of concern. However, when

retrospective group of patients undergoing THA by the

performing anterior approach, the characteristics of the

standard direct anterior approach (DAA) to another group of

anterior skin of the hip are different and it could be more

patients that were operated by using the skin crease ´bikini´

prone to problems with healing, including delayed healing,

DAA, being these the first cases in our center, in order to
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determine if it provides any advantages for the evolution of

performed by one surgeon (JFV) with experience at that

the wound.

moment over 100 THA using DAA. From November 2018,
the usual indication for JFV was ´bikini´ but it was not
performed in patients with elevated BMI (over 35), or heavily

Material and Methods

built morphotypes. Also it was avoided in acute fracture

We performed a retrospective study, selecting a consecutive

setting, extreme osteoporosis. Fungal groin infection would

group of patients operated from November 2017 to May 2018

be a contraindication but none of the patients presented this

with the standard direct anterior approach (DAA) (21 THA,

complication.

21 patients, Group 1) to another consecutive group of patients
operated from November 2018 to March 2019 with skin

Surgical Planning. We used the TraumaCad software

crease ´bikini´ anterior approach (21 THA, 21 patients, Group

(Brainlab Ltd., Petah Tikva, Israel) for preoperative

2). Skin crease ´bikini´ incision was introduced in our center

templating. Calibration of the image was adjusted using the

in November 2018.

KingMark device (Brainlab AG, Kapellenstraße, Germany).

Both groups showed no significant differences regarding age

We used a standardized protocol for digital templating (5).

sex or BMI (Table 1). Two patients were lost to follow-up in
Group 1, at 1 month and 2 months respectively and could not

Patient positioning and setting. The patient is positioned

be localized afterwards. For the rest of the series we have a

supine in a regular surgical table. No traction table was used

minimum follow-up of 4 months.

for the surgeries. A transparent surgical setting is applied and

Mean follow-up for Group 1 excluding the two cases

the opposite leg remains out of the surgical field, and it is

aforementioned was 12.3 months (range from 10 to 15.7) and

positioned as required with the aid of an external assistant.

for Group 2 was 6.8 months (SD=1.4, range 4.7 to 8.9).

This setting allows to save time and permits a better control
of pelvis positioning during the procedure as well as leg

Patient selection & Surgeons performing the technique.

length control (Fig.1).

All the procedures in Group 1 were performed by two
surgeons (EM and JFV), and the procedures in Group 2 were

NUMBER THA
MEAN AGE
WOMAN/MAN

Details about the incisions for each Group.
The incision for the conventional DAA was initiated two

STANDARD DIRECT
ANTERIOR
APPROACH
(GROUP 1)

SKIN CREASE
´BIKINI´ DIRECT
ANTERIOR
APPROACH
(GROUP 2)

p-value

42

21

63.4 (SD 13.0)

59.4 (SD 13.6)

0.26

19 / 23

7 / 14

0.36

each case in order to decide the orientation of the incision.

fingers down and three lateral from the anterosuperior iliac
spine, and directed downwards following an imaginary line
connecting to the head of the fibula, that was palpated for

ASA I

12

7

0.70

The usual length is 10 to 12 cm.

ASA II

25

13

0.85

ASA III

5
PRIMARY OA 29
AVASCULAR
NECROSIS 6
FRACTURE
SEQUELAE 2
DYSPLASIA 2
ACUTE FRACTURE 1
COXA PROTRUSA 1
RHEUMATOID
POLYARTHRITIS 1

1

0.36

For the bikini incision we draw the conventional DAA, and

DIAGNOSE

BMI
ACTIVE
SMOKERS

flexed the hip to observe the lines formed by the skin. Then,
we performed the incision parallel to this cutaneous lines,

PRIMARY OA 17
AVASCULAR
NECROSIS 3
FRACTURE
SEQUELAE 1

same length as it would be in the standard, centered in the
area contacting the proximal to the middle third of the

NP

conventional anterior approach (Fig 1). It describes a slightly
curve line of inferior concavity. In order to avoid unintended

28.9 (SD 3.9)

28.2 (SD 3.2)

0.48

13

5

0.56

medial propagation of the incision during surgery, a 2.0
Vicryl stay suture has been recommended to be placed at its
medial end (4). We did not use this stay suture in any case.

Table 1 Characteristics of the patients for both groups. NP Not
performed.
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For the conventional DAA incision, of the fatty tissue was
opened straight down to the fascia lata. For the ´bikini´ the
dissection of the fatty tissue ended a few millimeters next to
the fascia lata and then a blunt dissection was done limited to
the fascia lata in the longitudinal direction in the area were
we are going to proceed with the cut.
Common surgical steps.
The subsequent steps were the same for both procedures. Fist
we identify the interval between the tensor fascia lata (TFL)
and sartorius and systematically ligate (or coagulate) and
section the vessels of the ascending branches of the lateral

Fig. 1. Transparent vertical setting for the surgery.

femoral circumflex artery to ease the opening of the interval
and to prevent later bleeding. The second interval is found

the native femoral head. Exceptionally a diameter of cup of 6

between the rectus femoris and the TFL and at this stage we

mm over the femoral head measurement is accepted. As a

identify the anterior capsule, that is opened describing a “H”

rule we don’t use screws when we achieve a satisfactory

shape that we associate to an anterior partial resection of

press-fit. Then we insert the liner. For the femur we do a 30º

triangular shape and inferior base in the middle (Fig. 3).

Trendelenburg tilt with the surgical table and extend both legs

The femoral neck is cut in situ at the level indicated by the

30º in order to ease the femoral work. The capsule is released

surgical digital planning, with just one cut with an oscillating

and the femur is elevated with an intramedullary hook, while

saw, and the femoral head and the part of the neck attached is

the leg is positioned in a figure of 4. The femur is broached

extracted with a surgical corkscrew. The labrum and rests of

and the provisional implant (broach, neck and head) is

ligamentus teres are resected. We measure the femoral head,

selected according to the digital planning and the

and ream the cup. The diameter selected is chosen based on

intraopeartive findings. We proceed with a reduction and

press-fit feelings and adding a maximum of 4 mm regarding

check for leg length and stability. Also in this moment we

Fig. 2. Drawings depicting the orientation for the cutaneous incision for the standard anterior approach (red line) and the bikini approach (blue
line), in a patient in supine position in the operating table. The circle indicates the anterosuperior iliac spine; it is identified by palpation.
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(Biomet) was used in 22 cases; of those, 2 were the Taperloc
123 XR, and 2 were Taperloc Microplasty; the rest were
conventional Taperloc Bonemaster regular stem. For 18 cases
the liner was E-poly, 2 cases was metallic insert for a double
mobility system, and in two cases the liner was ceramic to
articulate with a ceramic head. Another group of non
cemented was treated with a R3 cup with a XLPE liner and a
Polarstem (Smith&Nephew): those were a total of 17 cases.
The 3 cases of hybrid THA were performed with a Trident
cup with X3 liner and a Exeter stem (Stryker). A total of 8
ceramic heads and 3 ceramised metal heads were implanted,
being the 31 remaining, cobalt-chrome heads.
For Group 2 all the cases were treated with non cemented
THA, being 12 cases a combination of G7 cup and a Taperloc
stem: among those, of those only one case treated with a
Taperloc Microplasty, and the liner was E-Poly in 10 cases
and metallic for a double mobility system in 2. The other 9

Fig. 3. Schematic drawing of the capsular “H” shape release. The
cuts are done accordingly to the numerical order indicated in the
drawing. For most of the cases, a partial resection of the anterior
capsule, triangular of inferior base is associated in order to create
a safe and comfortable space to work. Cut number 1 is the first,
done in the middle or slightly lateral; Cut number 2 goes medial
and has to achieve the release of the pubofemoral ligament.
Release 3: this one is discrete up to 2 h thinking of the cup as a
clock and being the upper part 12 hours; where to stop indicated
as “STOP”. It is so in order to respect the pass of the psoas
tendon and also to avoid the use of electrocautery in a location
where the femoral nerve is very close. Release 4 is complete in
order to achieve the palpation of the tip of the greater trochanter
which is dorsal. Release 5 is completed up to 9 to 10 h.

non cemented cases were treated with a R3 cup with a XLPE
liner and a Polarstem. A total of 5 ceramic heads and 4
ceramised metal heads were implanted, being the 11
remaining, cobalt-chrome heads.
When a polyethylene liner was used, it was always selected
without elevated rim.
Postoperative plan
No drains or urinary catheters were used. After the surgery

perform an intra-operative radiology to check accuracy in cup
positioning and to check femoral component size and
alignment, the appropriateness of the selected neck (standard
or high offset) and head length. Once satisfied with the
radiology and clinical evaluation, we implant definitive
components.
All the cases received 3 to 4 simple sutures of Vicryl
(Ethicon) number 1 for the fascia lata, the subcutaneous was
sutured with 3 to 4 simple sutures of Vicryl 3/0, (Ethicon) and
the skin was sutured with surgical staples. An occlusive
dressing (Aquacel Ag Surgical Dressing,ConvaTec), was
applied and maintained for 5 days.

early mobilization was indicated, aimed to start from 3 hours
after the surgery. For patients who underwent surgery being
the last case of the afternoon, usually ending between 8 and 9
p.m., the first mobilization was performed the morning after.
Postoperative medication was oral in all the cases, and
opioids were only administered as a rescue in case on intense
pain. No local infiltrations or blocks were performed in any
case. Walking was performed with two crutches, but patients
tolerating the use of one crutch were stimulated to use one
crutch for short distances. Discharge was decided according
to a functional discharge criteria.
Clinical and Radiological Results for the Study
The data was obtained from the electronical medical records.

Details about the implants.
In Group 1, 39 THA were non cemented and 3 THA were
hybrid. For the non cemented, a G7 cup and Taperloc Stem
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We registered the following clinical variables: intra-operative
periprosthetic fracture, prolonged wound drainage without
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infection, delayed wound healing, abnormal wound healing

(SD 1.9) Pain: All patients free of pain in the hip but for 1

(keloid or hypertrophic), infection and dislocation. Also the

case, with occasional low intensity and self-limited pain. 2

postoperative radiology was assessed in the latest follow-up

patients with chronic back pain, maintained after the surgery.

in order to detect malposition of cup (out of Lewinneck zone

Limp: 1 patient with slight limp. Crutches: all the patients

for the cup or femoral component implanted over 3º of valgus

walk free distances without aids. Sports: from the medical

or varus), or any migration of the implants. Radiology was

records we only detected two patients who practiced

available for all the cases except for the 2 cases lost to

previously sports (swimming and mountain climbing); both

follow-up.

were in Group 1 and returned to previous sportive activities

Our patients did not undergo a prospective registration of

without limitations.

validated patients reported outcome measurements (PROMs)
such as Harris Hip Score or Oxford Hip Score. We used the

Complications

available information from the medical records, in which we

Intraoperative fractures: 1 case in Group 1, tip of the greater

systematically register any presence of pain, limp, and type of

trochanter, asymptomatic. 0 cases in Group 2.

gait. Also, when available, we aimed to know the number of

Prolonged wound drainage without infection: 1 case in

patients performing regularly sports activities, and whether

Group 1, pre-operative cultures were negative and a

they returned back to sports after THA.

debridement was

performed. Intra-operative cultures were

negative. Posterior evolution was satisfactory. Group 2: 0
Ethical considerations.

cases.

This study was performed in accordance with the ethical

Delayed wound healing: 3 cases in Group 1 and 0 cases in

standards laid down in the 1964 Declaration of Helsinki and

Group 2. Two of the cases in Group 1 are attributed by the

its later amendments.

surgeon to abrasion by the rasps during femoral work,
probably related to insufficient capsular release. These two

Statistical Analysis

cases had delayed wound healing in the proximal part of the

The 2 groups were compared on continuous variables with

wound, with a scar formation, that healed slowly but

Student’s t-test (Mann-Whitney U-tests for variables which

uneventfully. The other case is shown in Fig.4 and it is worth

were not normally distributed by groups) and on categorical

to notice that the patient was smoker. The patient followed

variables via Fisher’s exact test. A two tailed P-value of .05

ambulatory controls for local treatment until healing of the

was used as the threshold for statistical significance.

wound that occurred at 5 weeks after the surgery. After that

Statistical analysis was performed with OpenEpi v 3.01.

visit, this patient was lost to follow-up.

Results

Abnormal wound healing: 2 cases of keloid scar in Group 1, 0
cases in Group 2. No cases of hypertrophic scar formation

Clinical results
Hospital Stay. Group 1 Mean hospital stay: 2.0 (SD 1.1)
Group 2: Mean hospital stay: 1.6 days (SD 1.9) (p=0.29)
Group 1 Pain: All patients were totally free of pain in the hip
but for 5 cases; 4 with occasional low intensity and selflimited pain and 1 with persistent greater trochanter pain
syndrome; this patient associates lumbar spine osteoarthritis.
Limp: 1 case. Crutches: 2 ladies use 1 crutch as an aid to
walk as a safety mesure for long distances (87 and 91 yearsold at the latest follow-up), the rest of patients walk free
distances without aids. Group 2: Mean hospital stay: 1.6 days
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was observed in any case. 1 case of sensitive wound at touch
(not relevant for the patient) in Group 1, none in Group 2.
Infection: One the cases in Group 1 presented and early
infection by S. Epidermidis and it was treated with
debridement, implant retention and antibiotic (DAIR) with a
satisfactory result. This case corresponded to a THA
implanted for a failure of femoral neck fracture treated 3
years before with open reduction and internal fixation with
cannulated screws, in which the patient developed collapse of
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fracture and progressive leg shortening up to 3 cm. None of
the cases in Group 0 developed infection. The sample did not
allow to detect statistical significance regarding infection
(p>0.05).
Symptoms of lateral cutaneous femoral nerve (LCFN)
damage: Group 1 5 cases (11.9%), Group 2 1 case (4.7%),
p>0.05. In Group 1, 3 cases presented hypoesthesia next to
the wound, 1 explained hypoesthesia next to the wound and
lateral tight and 1 referred dysaesthesia next to the wound. In
Group 2, the only case showed hypoesthesia next to the
wound, the differences were not statistically relevant among
the two groups (p>0.05). For all the cases it was well
tolerated, and an improvement was observed during months.

Fig. 4. Patient presenting delayed wound healing 2 weeks after
surgery, without infection. The surgery was performed by
standard direct anterior approach. Important to notice, this patient
was an active smoker.

No patient had symptoms of a sciatic or femoral nerve lesion.
study has a short term follow-up. Some studies consider that
DAA increases the rate of early revision (8,9), but this has

Dislocation: Group 1, cero cases, Group 2 cero cases.

been refuted in other studies, such as a registry study
Radiology: Group 1, 2 cases of femoral component implanted

performed analyzing 21,860 THA from the Norwegian

in varus, and 1 case presenting 2 mm subsidence of the stem

Arthroplasty Register (10), and in a recently published

at the latest follow-up (Polarstem, 6 months). Group 2 no

randomized control trial comparing DAA to posterior

malposition, no migration of implants (p>0.05).

approach, no differences were observed in terms of survival

Taking into account the total number of complications

of the implant at 5 years (11).

(including all the range of severity) including intraoperative
fractures, prolonged wound drainage, delayed wound healing,

In our series 1 patient presented and early infection that

abnormal wound healing, infection and symptoms of LCFN

underwent DAIR and another a persistent drainage that was

damage, Group 1 presented a total of 14 complications

also operated. Both occurred in patients operated with the

(33.3%) while Group 2 presented just 1 case (4.7%) p=0.01.

conventional DAA incision. In a recent study by Leunig et al.
(4), they had only 3 cases of infection out of 964 cases treated

Discussion

by using anterior approach, being only 1 case in the ´bikini´

The clinical results observed for both groups can be

as well as another study by Manrique et al. (12) in which they

considered satisfactory. No significant differences were

observed a 0% rate infection out of 86 ´bikini´ DAA patients

observed regarding hospital stay. Our results agree with those

and 0,4% rate infection out of 230 conventional DAA patients

published by many other authors, indicating that DAA

(1 case in their series). These results contrast to the result of a

provides an enhanced postoperative course, with low pain,

recent study indicating that DAA increases the risk of

and a fast recovery (6,7).

infection (13). In this study, one of the many strengths was

Regarding complications, several studies focus on

that the surgeons were experts in DAA. But it also has some

complications in patients operated using direct anterior

limitations; they describe a multiple variability that could

approach (DAA). We find studies in favor and against DAA

influence in the results; there were cases treated with or

in this regard. One patient in the standard DAA group

without traction table, for some cases they performed

presented a subsidence of 2 mm, but none of the patients

capsulectomy, for some other they didn’t, and importantly,

group out of 398 patients. This is a very low rate of infection

underwent revision. However it has to be outlined that our
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the protocol to prevent infections changed with time. They

could reduce the soft tissue forces required to perform the

changed the deep venous thrombosis protocol and added

operation, thus reducing the risk of LFCN neuropraxia. In our

vancomycin powder 1 g. placed deep to the fascia and 1 g

patients we performed partial capsulectomy, and the numbers

superficial to the fascia during wound closure. In our

of neuropraxia are also slightly lower than those published by

institution the application of vancomicyn powder superficial

Leuning et al.; 11.9% for the standard group and 4.7% for the

to the fascia was tested for direct lateral approach. It caused

bikini. Our findings could support the argument by Manrique

an elevated proportion of cases of wounds with prolonged

et al., but the differences are not excessively significant. A

drainage and we discontinued this practice (data not

prospective study evaluating this regard could be interesting.

published). We hypothesize that due to the different nature of
the skin in the anterior approach, this irritation to the soft

This study has several limitations: first, the low number of

tissues by vancomycin powder crystals would increase the

cases analyzed, as well as its retrospective nature. Another

chance for leaking and once the communication from the

possible limitation is the fact that different implants were

joint to the skin is opened, it can lead to infection. In other

used, with different retractors. For the implants, a standard

words, maybe vancomicyn powder is detrimental for anterior

stem could cause more problems for the femoral rasping or

approach? This is speculative, and a prospective study

implantation, compared to a short stem. And for the

evaluating this regard could be of interest. Moreover, in

retractors, their different shape could play a role in damaging

another study by Cohen et al. the effect of infection

the skin, and this was not evaluated in this study. However,

prevention by vancomicyn in THA could not be demonstrated

the number of short stems is almost anecdotical in this series,

(14). A different antibiotic and method of release was tested

being only two cases in the Group 1 and 1 case in the Group

for ´bikini´ approach in a study by Wilson et al. (15). They

2. Also, we took into consideration the smoking habit of the

evaluated the delivery of gentamicin to the surgical site via

patients, and similar rate of smokers was present for both

collagen pads in 42 hips patients operated using ´bikini´

groups. As a limitation in this variable, it was not registered

approach. They associated post-operative intravenous

the degree of intensity of those smokers, and that could also

Cephazolin 1 g administered at 8-hourly intervals,

play a role in a better or worse course in the healing of the

discontinued within 24 hours of the procedure. No infections

wound. The present study assumes that the level of intensity

occurred in their series and they demonstrated elevated,

in smoking was similar between the 2 groups. Also, we did

effective concentrations of gentamicin locally. This could be

not have a completed standardized functional evaluation

a potential strategy to decrease infection that also needs to be

based on PROMs and the information was obtained from the

explored. Local delivery of antibiotics could be of value.

clinical records, which can be influenced by multiple biases.

In the present series the proportion of patients with LCFN

The present study has to be interpreted cautiously, since for

damage in the ´bikini´ group was inferior to the standard

every complication a specific design of a study would be

DAA. Similarly, in the largest series of ´bikini´ approach by

desirable; with a higher number of patients, and also in an

Leunig et al (4) they found that dysesthesias were more

ideal setting being in a multicenter study.

common in the vertical incision group compared to the bikini,

However it illustrates our results and provides numbers to

14.5% vs 7.5%. Manrique et al. (13) reported a different rate,

what it was a feeling during the introduction of this technique

much lower of 3% vs 2.3% over 86 and 230 patients vertical

in our center. In general, we observed less complications that

also comparing a vertical incision group compared to the

with DAA. Is has to be outlined that most of the

bikini; they hypothesize that this could be attributed to their

complications were minor, specially for LCFN symptoms,

treatment of the capsule. While Leuning et at. did not perform

that were well tolerated by all the patients. But in the search

capsulectomy, Manrique et al. practiced a partial

of improvement on any technique, we aim to minimize even

capsulectomy. They speculate that this partial capsulectomy

minor complications. Skin crease ´bikini´ incision´ could be
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the way, but it is very demanding and should be performed
only by experienced surgeons in DAA.
As a conclusion, we consider that the skin crease ‘bikini’
incision is safe to perform THA, without increasing
complications even during the learning curve. We agree with
previous authors that this is a very demanding approach, and
the surgeon has to be highly proficient previously in DAA
(4,12).
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