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Abstract

Objective: To investigate the influence of body mass index
(BMI) and hip anatomy on direct anterior approach (DAA)
total hip replacement. Subjects and Methods: The study is a
retrospective analysis of 124 cases of DAA total hip replace-
ment from 2009 to 2012. The BMI, the ratio of the greater
trochanter (GT) and anterior superior iliac spine (ASIS) bilat-
erally (GT/ASIS), and the vertical distance between the ASIS
and GT (AGVD) were obtained from medical records. All cas-
es were categorized into three groups (43, 49, and 32 cases
in each group, respectively) based on BMI (BMI <18.5, BMI
18.5-25, and BMI >25) or divided into two groups based on
GT/ASIS (£1.17 or >1.17) or AGVD (<86 or >86 mm). Operat-
ing time, intraoperative bleeding, and surgical complica-
tions were compared between different groups. Results: A
longer average operating time, more intraoperative bleed-
ing, and a higher rate of complications were observed in the
group with the highest BMI. The complications included a
case of intraoperative femur fracture, a wound hematoma,
and a lateral femoral cutaneous nerve injury. The group with

higher GT/ASIS had a shorter average operating time, less
bleeding, and a lower complication rate than the group with
lower GT/ASIS. Moreover, the group with higher AGVD
showed a shorter average operating time, less bleeding, and
a lower complication rate compared with the group with
lower AGVD. Conclusion: Our study suggests that lower BMI
and larger GT/ASIS and AGVD are associated with a shorter
operating time, less bleeding, and a lower complication rate
in DAA total hip replacement. These findings are valuable
for clinicians to make the appropriate choice of surgery
types for different individuals. ©2016'S. Karger AG, Basel

Introduction

Being one of the most successful surgeries, hip replace-
ment has saved tens of thousands of hips in more than
half a century [1]. Nevertheless, joint surgeons have not
stopped exploring a better operating method for hip re-
placement. In recent years, minimally invasive total hip
replacement has become a popular choice [2]. The direct
anterior approach (DAA) is widely used for minimally
invasive total hip replacement in North America, Europe,
and Asia [3]. Noticeably, the DAA hip replacement causes
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less soft tissue trauma than other surgical approaches, be-
cause it follows internervous and intermuscular planes,
specifically the anatomic space between the tensor fasciae
latae and sartorius muscles [3, 4]. Indeed, DAA total hip
replacement, compared with the traditional operation,
has shorter operating times, less bleeding, quicker recov-
ery, and lower dislocation rates [5, 6].

Since 2008, our Joint Surgery Center has completed
more than 200 DAA total hip replacements. Although it
is a very effective minimally invasive hip replacement op-
eration, we found that the exposure and manipulation of
the femur side is a big challenge to this technique, which
not only increases the operating time and bleeding but
also leads to various complications. The reported femur
fracture rate of DAA is >2.7% [7-10]. In our clinical
practice, we noticed that patients with different body
mass index (BMI) or hip anatomy tend to have different
postoperative outcomes. However, no study has dis-
cussed patient selection strategies of DAA hip replace-
ment. This retrospective study focused on the influence
of BMI and hip anatomy, specifically the relationship be-
tween the greater trochanter (GT) and the anterior supe-
rior iliac spine (ASIS), on DAA total hip replacement
outcomes.

Materials and Methods

The study included 124 cases (age 40-80 years) of DAA total
hip replacement performed between 2009 and 2012, including 53
acute femoral neck fractures, 27 osteoarthritis of the hip, 34 femo-
ral head avascular necrosis, and 10 rheumatoid hip arthritis. The
average age was 67.3 + 6.5 years. The exclusion criteria were old
fractures of the femoral neck, hip dysplasia, revision cases, and a
history of ipsilateral hip surgery.

Surgical Procedure

The patients were placed in the supine position after inducing
anesthesia. The ASIS and GT were identified. A 6- to 7-cm incision
was made at about 4 cm distal and 4 cm lateral to the ASIS. The
subcutaneous tissues were separated and the tensor fascia latae ex-
posed. The fascia over the tensor fascia latae was cut through and
was gently retracted laterally in order to expose the distal part of
the Smith-Peterson interval. The branches of the lateral circumflex
femoral vessels were carefully separated and ligated. The fascia be-
tween the rectus femoris muscle and tensor fascia latae was cut
through, and the anterior part of the hip joint capsule was exposed
using four sharp retractors. The anterior part of the hip capsule
was cut off, and the femoral neck was encircled with two blunt re-
tractors. The first osteotomy was made about 1 cm above the less-
er trochanter medially, and then the second osteotomy was made
about 1 cm above and parallel to the first cut. Generally, a second
osteotomy is not needed in femoral neck fractures. The osteotomy
and femoral head were then removed.
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The acetabulum was prepared with a double-offset acetabular
reamer after removing the labrum and osteophytes around the ac-
etabulum. The acetabular prosthesis and lining were implanted.
Descending the distal part of the surgical bed by about 30°, the limb
was adducted and rotated externally to expose the proximal femur.
The posterolateral capsule was released, and the proximal femur
was lifted with a bone hook and a Miiller retractor under the GT
for a better view. The gluteus minimus, the gemellus superior and
inferior, and the internal obturator muscles attached to the medial
part of the GT could be released if there was any difficulty with the
exposure, but could not be cut off. Then the femur side was pre-
pared with a double-offset femur reamer. The femur and head
prosthesis were implanted, and the hip joint was reduced. The hip
joint activity and stability were checked, and the incision was
closed. All 124 procedures were performed by four physicians
(J.M., LZ., W.S,, and H.L.), and the same set of DAA minimally
invasive surgical tools was used. The Accolade femur prosthesis
and Trident acetabular cups were from Stryker.

Measurements

The weight and height of each patient (measured in kilograms
and meters, respectively) were obtained from medical records to
calculate the BMI. The average BMI of these cases was 21.8 + 3.2.
The operating time, amount of intraoperative bleeding, and surgi-
cal complications were obtained from medical records and ana-
lyzed.

The distances to the GT and ASIS bilaterally and the vertical
distance between the ASIS and GT (AGVD) were measured on the
supine pelvic X-rays (mean magnification percentage: 1.07) using
the PACS radiation software (Rogan-Delft, The Netherlands).
First, a line was drawn at the lateral border of both GT. Then, an-
other line was drawn parallel through both ASIS. The length of the
two lines was used to calculate the ratio GT/ASIS. The vertical dis-
tance between the two lines on the X-rays was the AGVD (fig. 1).
In the cases of femoral neck fracture, a line between the lateral
border of the healthy GT and the midpoint of the symphysis pubis
was used for the measurement of AGVD (fig. 2), and the distance
from the GT to the symphysis pubis was doubled for calculating
GT/ASIS. The mean GT/ASIS and AGVD were 1.17 + 0.02 and
85.9 + 1.4 mm, respectively.

We grouped patients according to their BMI and the distance
between GT and ASIS both on the coronal plane and vertical direc-
tion, retrospectively. Three categorization standards were adopted
to group all the cases: BMI, GT/ASIS, and AGVD. Firstly, the pa-
tients were divided into three groups according to the World
Health Organization BMI classification standard: group 1 - low
body weight with a BMI <18.5, group 2 — normal body weight with
BMI 18.5-25, and group 3 - obese with BMI >25. Based on the BMI
classification, 43, 49, and 32 cases were included in groups 1-3,
respectively. The average operating time, intraoperative bleeding,
and complications were compared among the three groups.

All the patients were divided into two groups based on the GT/
ASIS: group 1 <1.17 and group 2 >1.17, as well as divided into two
groups according to the AGVD: group 1 <86 mm and group 2 >86
mm. With the GT/ASIS grouping standard, 70 cases were included
in group 1 (GT/ASIS £1.17) and 54 were included in group 2 (GT/
ASIS >1.17). With the AGVD grouping standard, 58 cases were
included in group land 66 were included in group 2. The average
operating time, intraoperative bleeding, and complications were
compared between each pair of groups.
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Fig. 1. Measuring GT/ASIS and AGVD of
nonfemoral neck fracture cases.

Fig. 2. Measuring GT/ASIS and AGVD of
femoral neck fracture cases.

Statistical Analysis

The operating time and intraoperative bleeding were compared
using the unpaired t test. The analyses were performed using SPSS
for Windows, version 11.0 (SPSS, Chicago, Ill., USA), and the lev-
el of significance was set at 95%.

DAA Total Hip Replacement

Results

The mean operating time of group 1 (75.3 £ 16.0 min)
was significantly shorter than in group 2 (79.2 + 18.1 min,
p =0.032) and group 3 (88.5 + 14.3 min, p = 0.024) based
on BMI classification. The mean volume of intraoperative
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Table 1. Data according to BMI classification

BMI Cases, Rate, Operating Intraoperative Complications,
n % time, min bleeding, ml n (%)
Group 1 (BMI <18.5) 43 34.7 75.3+16.0 347.6+153.1 0 (0)
Group 2 (BMI 18.5-25) 49 39.5 79.2+18.1* 390.0+161.4* 1(2.0)
Group 3 (BMI >25) 32 25.8 88.5+14.3* 510.9+158.3* 2(6.3)
*p < 0.05.
Table 2. Data according to GT/ASIS classification
GT/ASIS Cases, Rate, Operating Intraoperative Complications,
n % time, min bleeding, ml n (%)
Group 1 (£1.17) 70 56.5 87.5+17.2 486.8+£137.2 2(2.9)
Group 2 (>1.17) 54 43.5 77.9+16.0* 365.7+150.1* 1(1.9)
*p <0.05.
Table 3. Data according to AGVD classification
AGVD Cases, Rate, Operating Intraoperative Complications,
n % time, min bleeding, ml n (%)
Group 1 (<86 mm) 58 46.8 85.0+15.7 460.2+£147.3 3(5.2)
Group 2 (>86 mm) 66 53.2 82.4+16.8 435.5+138.3 0 (0)

bleeding of group 1 (347.6 + 153.1 ml) was also less than
in group 2 (390.0 £ 161.4 ml) and group 3 (510.9 + 158.3
ml, p <0.05). Moreover, no surgery complication was ob-
served in group 1, whereas 1 case of complication (GT
fracture) occurred in group 2 (2.0%), and 2 cases (1 lat-
eral circumflex femoral artery hematoma and 1 lateral
femoral cutaneous nerve injury) were seen in group 3
(6.3%) (table 1).

The mean operating time (77.9 + 16.0 min) and the
volume of intraoperative bleeding (365.7 + 150.1 ml) in
group 2 were significantly less than the corresponding
values of group 1 (87.5 + 17.2 min and 486.8 + 137.2 ml,
respectively, p < 0.05) based on the GT/ASIS grouping
standard. The complication rate was 2.9% in group 1 (1
GT fracture and 1 lateral circumflex femoral artery hema-
toma) and 1.9% in group 2 (1 lateral femoral cutaneous
nerve injury) (table 2).

The average operating time and the volume of intraop-
erative bleeding in group 2 were 82.4 + 16.8 min and 435.5
+ 138.3 ml, respectively, and they were less than in group
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1 (85.0 £ 15.7 min and 460.2 + 147.3 ml) based on the
AGVD grouping standard, but the differences were not
significant (p > 0.05). There were 3 complications (1 frac-
ture, 1 hematoma, and 1 lateral femoral cutaneous nerve
injury) in group 1 (5.2%) and none in group 2 (table 3).

Discussion

A longer average operating time, more intraoperative
bleeding, and a higher rate of complications were found
in the higher BMI cases in DAA total hip replacement.
What is more, the cases with higher GT/ASIS had a short-
er average operating time, less bleeding, and lower com-
plication rate than the group with lower GT/ASIS. More-
over, the group with higher AGVD also showed a shorter
average operating time, less bleeding, and a lower com-
plication rate compared with the group with lower AGVD
in this study. Many minimally invasive total hip replace-
ment procedures have been used worldwide in recent
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years. Of these, the DAA is one of the most popular. It is
a true minimally invasive procedure because it follows
internervous and intermuscular planes. No muscles
around the hip joint are cut off, so the DAA has the ad-
vantages of a faster recovery and a lower posterior dislo-
cation rate [11-15]. However, this approach is not suit-
able for all hip replacements. As far as we know, there are
no studies focused on the relationship between hip anat-
omy and DAA surgery in the literature.

In this study, we found that the underweight group
(BMI <18.5) had a shorter operation time, less bleeding,
and lower complication rates compared with the healthy
weight or overweight groups. It suggests that BMI has
some impact on the outcomes of DAA total hip replace-
ment. BMI is one of the factors that influence operations
on the hip, especially in minimally invasive total hip ar-
throplasty. Obesity has been thought to be directly related
to the operating time [16, 17]. Recently, the American
Association of Hip and Knee Surgeons Evidence-Based
Committee recommended against elective total hip ar-
throplasty in patients with a BMI >40. This recommenda-
tion also applies to the use of the DAA [3, 18].

More importantly, hip anatomy also plays an impor-
tant role in DAA minimally invasive hip replacement. In
this study, GT/ASIS represents the distance between the
GT and ASIS on the coronal plane, while AGVD repre-
sents the vertical distance. Our results showed that the
shorter the distance the less the operation time, bleeding,
and complications. A number of DAA procedures, which
resulted in a large number of GT fractures and other com-
plications, occurred frequently in the femoral side, which
was related to the anatomical location of the hip joint. If
the distance between the GT and ASIS is too short in the
vertical direction or the GT is more medial to the ASIS on
the coronal plane, the surgical procedure will be difficult.
The difficulty with acetabular preparation is dependent
on the cases, while femoral exposure is always difficult in
DAA surgery. Therefore, DAA hip arthroplasty requires
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