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Abstract

Background Cadaveric and clinical studies have suggested

that, despite being touted as muscle-sparing, the direct

anterior approach is still associated with muscle damage,

particularly to the tensor fascia lata (TFL). Patient body mass

index (BMI) and/or sex may also influence this parameter.

Questions/purposes The purposes of the study were to

determine if using a shorter femoral component reduces

TFL damage or if patient sex or increasing BMI increases

intraoperative TFL damage in direct anterior THA.

Methods Over a 1-year period, 599 direct anterior THAs

were performed by three experienced anterior hip surgeons;

of those, 421 direct anterior hips had complete data (70%)

and were included in the study. The amount of visible

damage to the TFL was recorded before closure. Two stem

types were used, a standard-length flat-wedge taper (stan-

dard) or a 3-cm shortened version of the same stem (short).

Stem selection was based on timeframe of the surgery, sur-

geon preference, or matching a previous implant type.

During the study period, the three surgeons performed an

additional 225 primary THAs with other approaches such

that the direct anterior approach represented 73% of the

THAs performed. A member of the operating team, either a

fellow or physician assistant, graded the extent of damage

based on a 0 to 3 scale. On this scale, 0 represented no muscle

fiber damage, 1 superficial tearing, 2 deep tearing or mac-

eration, and 3 complete tear or severe damage. Patient sex

and BMI were recorded and compared with stem type and
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muscle damage scores. An ordinal logistic regression model

was used for statistical analysis.

Results After controlling for relevant confounding vari-

ables using logistic regression, we found that mean muscle

damage was associated with male sex (0.93, SD 0.76 ver-

sus 0.70, SD 0.68; p \ 0.001) and increasing BMI levels

(p \ 0.001). As BMI increased, more muscle damage also

was found in men compared with women (p = 0.05; odds

ratio [OR], 1.029; 95% confidence interval [CI],

1.000–1.060). There was no overall difference in mean

muscle damage between short and standard-length stems

(0.78, SD 0.77 versus 0.85, SD 0.69, p = 0.32); however,

as BMI increased, less damage was seen with a short stem

(p = 0.04; OR, 0.968; 95% CI, 0.931–0.997).

Conclusions Visible muscle damage occurred in most

hips during anterior supine intermuscular hip arthroplasty.

The clinical importance of this muscle damage requires

further study, because some evidence suggests earlier res-

toration of gait and cessation of walking aids with direct

anterior THA despite this damage; however, this was not

studied here. Surgeons performing this approach can

expect more difficulty and as a result possibly more dam-

age to the TFL in patients with male sex and increased

BMI. The use of a short stem can be considered for patients

with increased BMI to limit damage to the TFL.

Level of Evidence Level III, therapeutic study.

Introduction

The direct anterior approach for THA is an alternative to

traditional surgical approaches that is performed through an

internervous and intermuscular plane. This allows the surgeon

to approach the hip without splitting or detaching any muscle

from the pelvis or femur. The benefits of this approach have

been suggested by multiple reports and may include decreased

pain, rapid recovery, shorter hospital stay, low risk of dislo-

cation, early cessation of ambulatory aids, and early gait

improvement [1, 3, 4, 6–8, 11, 13–15, 17, 18, 21, 23–25, 28–

30]. However, some reports have challenged these findings

and suggested that the posterior or direct lateral approaches

offer comparable results [10, 31, 33], and other studies sug-

gest that the anterior approach is associated with muscle

damage, particularly to the tensor fascia lata (TFL), despite it

being touted as a muscle-sparing technique [16, 19].

Moreover, body mass index (BMI) and its association

with increased surgical difficulty and complications with

total joint arthroplasty are well known, and some have

suggested that patients with higher muscle mass and BMIs

may be at risk for a more difficult or complicated direct

anterior procedure [5, 19] and conceivably more muscle

damage with this approach. Short hip stems have been

developed with the thought of easier insertion in patients

with high BMI or in direct anterior or less invasive pro-

cedures. These stems have shown in the literature to have

stable, dependable fixation and equivalent outcomes to

standard-length stems [2, 12, 20, 26]. However, the degree

to which they facilitate reduced muscle damage to the TFL

in direct anterior hip surgery has not been demonstrated.

We therefore sought to determine whether stem style

(3-cm shortened), sex, or BMI was associated with increas-

ing amounts of muscle damage during direct anterior THA.

Patients and Methods

A series of 599 primary THAs were performed through the

anterior approach by three experienced anterior hip surgeons

(KRB, AVL, MJM) between October 2012 and September

2013. Of those, 421 direct anterior hips had complete data

(70%) and were included in the study. There were also 225

primary THAs performed through the direct lateral approach

during the study period; thus, 73% of hip surgeries were

performed through the direct anterior approach. There were

225 female and 196 male patients included in the study. All

devices used have been approved by the US Food and Drug

Administration. The standard stem studied was the Taper-

loc1 Complete (Biomet, Inc, Warsaw, IN, USA) and the

shortened stem was the Taperloc1 Complete Microplasty

(Biomet, Inc), which is shortened 3 cm compared with the

standard stem but maintains the same flat, tapered wedge

proximal geometry (Fig. 1). The stem choice was made

according to surgeon preference, preoperative templating, or

matching a previous implant on the contralateral side. In

general, one of the surgeons (AVL) prefers the shortened

stem routinely for all hips, and the others (KRB, MJM)

would consider the shortened stem for proximal femoral

deformities or proximal-distal mismatches or perceived

difficulty with exposure. Patients with large muscular hips,

limited ROM, and femurs with short, varus necks tend to

have more difficulties during exposure of the femur, and so

patients with these characteristics may have been more

likely to receive short stems during the study period. Two

hundred fourteen standard-length stems and 207 shortened

stems were used during the study.

All surgeries were performed with the anterior supine

intermuscular approach on a standard radiolucent operating

table using a table-mounted femoral elevator during fem-

oral preparation. This technique has been described by the

senior authors (KRB, AVL, MJM) in previous reports [5, 6,

30] and includes strict avoidance of posterior capsule,

piriformis, or external rotator release to limit the risk of

posterior dislocation. Prospective data were collected at the

time of surgery including sex, BMI, and whether a

Volume 473, Number 2, February 2015 Muscle Damage in Anterior THA 633

123



standard-length stem or shortened stem was used, but this

was a retrospective study.

An experienced member of the surgical team, either a

fellow or physician assistant, then graded the presence and

severity of TFL muscle damage to the anterior, medial, and

deep surfaces after final implants were in position. A

standardized grading system was used in all hips. A grade

of 0 was given for completely intact muscle fibers without

visible damage, 1 for small tearing in the superficial muscle

fibers, 2 deep laceration or maceration of muscle fibers, and

3 for severe damage involving more than 50% of the

muscle belly (Fig. 2).

Statistical analysis was performed using an ordinal

logistic regression model to determine whether controlling

for other major variables affected the significance for stem

size, BMI, and sex.

Results

Overall, we found no difference between the short and

standard-length stems in terms of TFL damage (p = 0.32).

The mean TFL damage score for the standard stem was

0.83 (SD 0.69) with a maximum score of 3 in five (2%), 2

in 39 (18%), and 1 in 108 of 214 THA (51%). The mean

TFL damage score for the shortened stem was 0.78 (SD

0.77) with a maximum score of 2 in 25 (12%) and 1 in 89

of 207 THA (43%) (Table 1). However, when evaluating

BMI and stem type, we found that as BMI increased,

muscle damage was less when a short stem was used

(p = 0.04; Table 1; odds ratio [OR], 0.968; 95% confi-

dence interval [CI], 0.931–0.997). The overall mean

damage score in this series was 0.81 (SD 0.73).

TFL damage was more prominent in males than it was

in females (p \ 0.001; OR, 0.869; 95% CI, 0.831–0.955).

The mean TFL damage in female patients was 0.70 (SD

0.68) with the highest score of 2 in 28 of 225 (12%) and a

score of 1 in 99 of 225 hips (44%). The mean TFL damage

score in males was 0.93 (SD 0.76) with the highest score of

3 in five (3%), 2 in 36 (18%), and 1 in 98 of 196 hips (50%;

Table 1).

Using BMI as a continuous variable, we found that TFL

damage increased directly as BMI increased (p \ 0.001;

OR, 1.019; 95% CI, 1.018–1.020), and higher muscle

damage occurred in men as BMI increased compared with

women (p = 0.049; OR, 1.029; 95% CI, 1.000–1.060)

(Fig. 3).

Discussion

The internervous and intermuscular plane used in the direct

anterior approach allows for THA to be performed without

splitting or detaching muscles from the femur or pelvis.

This procedure has shown improved gait patterns and

rehabilitation, faster recovery, less pain, shorter hospital

stay, and quicker cessation of ambulatory aids compared

with other traditional approaches in some studies [1, 3, 4, 6,

7, 13–15, 21, 23–25], although other studies have ques-

tioned these findings, because most of the studies claiming

benefits were not well controlled or randomized [10, 31,

33]. Moreover, others have raised concerns about whether

this approach results in damage to the TFL [19], and some

have suggested that particular patients such as muscular

patients, those with higher BMI, and male patients may be

at increased risk for muscle damage with this approach [6,

19]. For that reason, we sought to determine whether a

shorter stem (designed with less invasive approaches in

mind), patient sex, or BMI was associated with differences

in muscle damage to the TFL in patients undergoing THA

through the direct anterior approach. We found that

increased TFL damage occurred with male patients and

those with a higher BMI. This increased damage was more

pronounced in male patients with high BMIs than their

female counterparts. We also found that less damage

Fig. 1A–B (A) The standard stem used was the Taperloc1 Complete

(Biomet, Inc, Warsaw, IN, USA), a flat, tapered, wedge titanium

design with a porous plasma-sprayed coating applied proximally.

(B) The shortened stem used was the Taperloc1 Complete Micropl-

asty (Biomet, Inc), which is shortened 3 cm compared with the

standard stem but maintains the same flat, tapered, wedge proximal

geometry. (Photographs reproduced courtesy of Biomet, Inc.)
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occurred in patients with higher BMIs when a short stem

was used.

There are limitations to this study. First, there was no

initial power analysis performed. Also, the grading system

used an estimation of the amount of damage to the TFL as

opposed to a truly objective measurement of muscle

quantity, and the assessment was made by members of the

surgical team, leaving open the possibility of assessor bias

and concerns about repeatability and validity of this clas-

sification. The true volume of muscle damage would be

Fig. 2A–D Grading of tensor fascia lata muscle damage is shown: (A) 0, no damage, (B) 1, small superficial tearing, (C) 2, deep laceration,

(D) 3, severe laceration involving 50% of muscle.

Table 1. Tensor fascia lata (TFL) damage scores by sex and stem type

Characteristic Mean TFL score 0 score

(no damage)

1 score (small

superficial tear)

2 score

(deep laceration)

3 score (severe [ 50%

of muscle)

p value

Sex \ 0.001

Males 0.93 57/196 (29%) 98/196 (50%) 36/196 (18%) 5/196 (3%)

Females 0.70 98/225 (44%) 99/225 (44%) 28/225 (12%) 0/225 (0%)

Stem type 0.32

Standard stem 0.83 62/214 (29%) 108/214 (51%) 39/214 (18%) 5/214 (2%)

Short stem 0.78 93/207 (45%) 89/207 (43%) 25/207 (12%) 0/207 (0%)
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difficult to quantify in vivo as a result of limited exposure

of the true muscle volume during actual surgery. The size

of the TFL would also vary between patients making any

method of measurement difficult. Another limitation is the

number of team members grading each hip. Two fellows

and three physician assistants participated in the study.

There may have been inconsistency in grading between

each person and intraobserver and interobserver reliability

was not tested. Each member, however, was instructed on

the appropriate grading method by the senior authors dur-

ing the study. Also, the stem choice was not randomized.

Stems were chosen according to surgeon preference, time

of implantation, or stem style on a contralateral hip

arthroplasty (Table 2). This could have allowed for bias in

stem selection using a shortened stem for more difficult

procedures. The incision length was not studied, because

this could affect the amount of retraction needed on the

TFL, thus affecting muscle damage. The surgeons partici-

pating in this study are all fellowship-trained hip surgeons

with experience with the direct anterior approach and short

stems who had completed their learning curves before this

study (Table 2). The surgeons also operate with a team of

experienced fellows and assistants. This may limit the

generalizability to the community surgeon or hip surgeon

without experience in this surgical approach going through

the learning curve. MRI and enzyme markers were not used

in this study nor were patient-reported outcome measures

used to correlate with muscle damage scores. These mea-

sures could answer if various levels of TFL damage affect

clinical recovery. Finally, this study does not report dam-

age to other muscles including the rectus femoris. These

data are being collected and will require future study.

This is the first study we are aware of that specifically

evaluates sex, BMI, stem type, and their relationships with

muscle damage in direct anterior THA. However, other

studies have been published examining muscle damage in

various approaches to THA. One paper compared muscle

damage between the direct anterior approach and the

miniposterior approach [19]. This study found similar

amounts of damage to the gluteus medius between the two

approaches but found more damage to the gluteus minimus

with the miniposterior approach. The authors noted that

50% of the anterior approach cadavers required complete

release of the piriformis or conjoined external rotator ten-

don to mobilize the femur. This study showed damage to

the TFL in every anterior approach cadaver with a mean of

31% of its muscular area and rectus femoris damage in

some cadavers. Another study used cadaver specimens to

compare muscle damage among a minimally invasive
Fig. 3 Graph demonstrating relationship of TFL damage to BMI and

sex.

Table 2. Proportion of cases performed with the anterior supine approach, stem use, and muscle damage scores by individual surgeon

Characteristic Surgeon 1 Surgeon 2 Surgeon 3 p value

Anterior approach cases before study period 16 1630 259

Approach type during study period \ 0.001

Anterior 51/259 (20%) 376/382 (98%) 172/183 (94%)

MIS direct lateral 178/259 (69%) 4/382 (1%) 8/183 (4%)

Direct lateral 30/259 (12%) 2/382 (\1%) 3/183 (2%)

Stem type \ 0.001

Short 3/183 (2%) 155/304 (51%) 26/90 (29%)

Standard 0/27 (0%) 155/304 (51%) 64/90 (71%)

Tensor fascia lata damage score

0 7/27 (26%) 117/304 (39%) 30/90 (33%) 0.322

1 14/27 (52%) 135/304 (44%) 48/90 (53%) 0.284

2 4/27 (15%) 48/304 (16%) 12/90 (13%) 0.849

3 2/27 (7%) 3/304 (1%) 0/90 (0%) 0.007

MIS = minimally invasive surgery.
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surgical (MIS) anterior, MIS anterolateral, MIS two-inci-

sion, MIS posterior, and traditional transgluteal approaches

[32]. The authors found similar amounts of gluteus medius

damage in all approaches except for the anterior approach,

which completely spared the medius in four of five hips.

This study found a similar surface area (35%) of the TFL

damaged as found in the previously described study. The

authors of these studies cited small numbers and different

muscle consistency between cadaveric specimens and live

patients as weaknesses of the studies.

Two papers used MRI to assess fatty atrophy in hip

musculature after THA as a means to assess muscle dam-

age. One study showed increased fatty atrophy of the

gluteus medius with a modified Hardinge approach com-

pared with a modified Watson-Jones approach where no

muscle was detached from the femur [22]. This study also

showed that no atrophy occurred in the TFL with the

Watson-Jones approach and actually showed compensatory

hypertrophy with the Hardinge approach. Another study

showed increased fatty atrophy along with partial detach-

ments of the gluteus medius and minimus with a

transgluteal approach compared with a direct anterior

approach [9]. Interestingly, this study showed that fatty

atrophy of the TFL was no different in the direct anterior

approach compared with transgluteal. A recent paper used

inflammatory and muscle damage markers to evaluate

muscle damage after direct anterior and miniposterior

approaches for THA [7]. The authors concluded that the

minor differences they observed in inflammatory markers

may have been the result of the fact that bone preparation is

similar between the groups and may be primarily respon-

sible for their levels; however, the anterior approach group

showed significantly less muscle damage than the posterior

group as evidenced by the creatine kinase levels.

Men in our series had higher damage scores than women

and more damage occurred in men with high BMIs than

their female counterparts. This may correlate with BMI

through higher muscle mass in men. This is consistent with

another study showing equal relative hip muscle distribu-

tion in women and men but higher absolute muscle

volumes and more muscle relative to BMI in men com-

pared with women [27]. When controlling for other

variables like sex and BMI, this study showed no overall

differences in muscle damage when using a short versus

standard length stem. However, the short stem did decrease

the amount of damage seen in patients with high BMIs.

The clinical importance of the muscle damage found in our

study is unknown. Although the majority of hips demon-

strated some form of visible muscle damage, this may not

correlate with changes on MRI or serum markers as shown

in other studies. Further study should be considered

regarding the addition of posterior releases and their effects

on damage scores, outcomes, and dislocation.

Our study found that some amount of visible TFL

muscle injury occurs, although low, with the anterior

approach with an overall average damage score of 0.81 and

that increasing BMI was associated with increasing muscle

damage. Unlike other authors who describe selective

releases of the piriformis and external rotators [13, 17, 29],

our technique strictly avoided their release to limit the risk

of posterior dislocation. This may have contributed to

higher amounts of retraction of the TFL in more difficult

hips with higher BMI.

In summary, most patients who underwent the direct

anterior approach experienced some amount of visible

muscle damage although very mild. Future studies will

need to determine what the clinical implications of this

muscle damage might be, if any. A surgeon can expect

increased difficulty and likely more muscle damage when

operating on male and obese patients. The use of a shorter

stem may help decrease muscle damage in these more

difficult hips. Although surgeons earlier in their learning

curves might find the shorter stem facilitates the direct

anterior procedure for all patients, we found that in this

small group of experienced surgeons, there was no dis-

cernible difference in muscle damage with the use of a

shortened stem except in patients with high BMIs. Caution

should be taken in changing both a surgical approach and

stem at the same time. A surgeon considering adopting the

direct anterior approach with a short stem should become

comfortable with a short stem through his or her standard

approach before changing approaches.
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