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ABSTRACT

The incidence of osteoarthritis and subsequent number of total hip
arthroplasties rises each year, corresponding to the aging but yet more
active population. Patients request minimal scars and improved early
results accompanied by long procedure survivability. Orthopaedic
surgeons have utilised minimal invasive procedures in order to
achieve these goals and Direct Anterior Approaches (DAA) fit as
such techniques. Modified by the traditional Smith Petersen approach,
DAA such as the Anterior Minimally Invasive Surgery (AMIS) and
Anterior Supine Intermuscular (ASI) exploit the same internervous
plane between the sartorius, rectus femoris (femoral nerve) and
tensor fascia lata (superior gluteal nerve). Instrumentation plays a
major role in establishing good exposure to acetabulum and femur

708

and differences exist between ASI and AMIS for the use of a special
orthopaedic table (ASI uses a standard table). Clinical outcomes and
survivability are analysed by several studies. Early results indicate
faster recovery and shorter hospital stays and comparable medium
and long term outcomes/survivability. However, most authors agree
on DAA’s lengthy learning curve and suggest that a surgeon may
accomplish optimal results after 30-50 procedures approximately.
Intraoperative complications, such as injury to lateral femoral
cutaneous nerve and femur fractures, are specifically seen with use
of DAA. Surgeons should be well educated and trained in anterior
hip approaches before applying the latter. Quicker rehabilitation and
comparable arthroplasty survival may be achieved but few studies
exist and more are needed to be set, before DAA becomes the new
‘gold standard’ in hip arthroplasty.
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INTRODUCTION

By 2030, approximately 67 million United States of America
(USA) citizens aged 18 years or older are projected to have doctor-
diagnosed arthritis'"!. Osteoarthritis is by far the most common as the
lifetime risk of symptomatic hip osteoarthritis is 25.3%/?. According
to Rosemont et al in 2004, the number of primary Total Hip
Replacements (THR) in United States was 232,8575!. Tt is estimated
that all hip arthroplasties (hemi and total) performed each year in
the United States have increased from 333,200 in 2003 to 468,000
in 2012 with an average annual increase of 2.9%. The incidence of
THR alone increased 73 percent from 2000 to 2009: 123 percent for
patients ages 45 to 64 and 54 percent for ages 65 to 841,



It is a known fact that the majority of orthopaedic surgeons
worldwide prefer conventional hip approaches such as the posterior
and the lateral. There are numerous studies identifying the advantages
of these!®”). The excellent exposure of the hip joint that they provide,
make them an invaluable asset in each surgeon’s arsenal, whether he
performs a primary or a revision total hip arthroplasty.

However as the total number of THRs is growing each year, new
needs arise both on patients and surgeons and hospitals. The number
of younger patients undergoing THR increases and so do their
expectations, not only in terms of functionality, but also in terms of
smaller scars, earlier discharge and shorter rehabilitation period.

In contrast with conventional techniques, direct anterior approaches
(DAA) seem to currently grow popularity among the orthopaedic
hip surgeons and patients. Medacta documented the 110,000th hip
arthroplasty performed via the Anterior Minimally Invasive Surgery
(AMIS) technique in December 20131, According to the Australian
National Replacement Registry, in 2007 seven surgeons performed
73 hips and in 2013 sixty performed 2340 hip replacements. Most
THRs (95%) were performed using the AMIS technique!®.

Indications of DAA have been widened during recent years,
in order to include dysplastic hips. Oinuma et al'! have reported
satisfactory outcomes in 322 cases of dysplastic hip that underwent
total hip arthroplasties using the DAA. Several techniques have
been developed with the use of DAA and specific instrumentation
and implants. This review marks key points of DAA and highlights
outcomes and complications as demonstrated in international
literature.

ANATOMY/APPROACH

The anterior approach to the hip, which is commonly known as
‘Smith-Petersen approach’, was described in 1881 by a German
surgeon Dr Carl Hueter!'"”. Frederic Laude!'! published an article
which shows an adaptation of this approach, which Judet used also
50 years ago, but with a number of modifications in the operating
table and the tissue retractors which create a ‘minimally invasive
anterior approach’ to the hip for joint replacement (Figure 1A, B).
This modified approach, which several French surgeons adopted,
was the jumpstart for the AMIS technique!'l. Exploiting the same
internervous plane Dr Erik De Witte and associates started using an
alternative technique without the need of a traction table, the Anterior
Supine Intermuscular (ASI)!213,

Both of these approaches use the internervous plane between
tensor fascia lata on the lateral side (superior gluteal nerve) and the
sartorius and rectus femoris on the medial side (femoral nerve)!'¥,
The incision is placed normally 2-3 cm posterior and 1-2 cm distal
to Anterior Superior Iliac Spine (ASIS). The subcutaneous tissue has
two layers: one superficial (Campers fascia) and one deeper (Scarpa’s
fascia). Between this deeper layer and the fascia of the thigh muscles,
the Lateral Femoral Cutaneous Nerve (LFCN) courses downwards
through the operating field. For this reason it is preferred to make the
incision of the fascia more laterally to minimize the risk of LFCN,
which stays medially!®. Then the fascia is incised in line with skin
incision, over the tensor, and an Alice clamp is attached at the medial
site of the fascia to help the surgeon as he bluntly sweeps the tensor
muscle off the sartorial fascial'.

As a retractor is placed over the superolateral aspect of the femoral
neck the surgeon should be careful in order to recognize and cauterize
or ligate the branches of lateral femoral circumflex artery, as they are
in the surgical field and an injury of them can cause bleeding, which
may be difficult to control, if the artery branches retracted!>'>!, Then
a retractor inferior to the femoral neck is placed. A third retractor may

709

Sachinis NP et al. Anterior Approaches Hip Arthroplasty

il

Figure 1 Special extension for a traction table (AMIS Mobile Leg
Positioner, Medacta International SA, Castel San Pietro, Switzerland)
that facilitates optimal leg positioning during a direct anterior approach
surgery. A) Leg positioner folded, B) Leg positioner placed on traction
table.

be placed under the rectus tendon on the top of the anterior rim of the
acetabulum. However, this requires attention not to injury femoral
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nerve and vessels. The next step is the exposure through capsulotomy.
A L-shaped capsulotomy is performed in which, the first limb is in
line with the intertrochanteric line along the superior border of the
vastus intermedius and the other limb is parallel to the femoral neck
up to the edge of the acetabulum!'®’. Then the two standard retractors
should be placed inside the capsule and the surgeon performs the
osteotomy either in situ or with dislocated femoral head.

After removing of the femoral head, exposure of the acetabulum
is usually very good with the use of one retractor anteriorly and one
posterolaterally!'” (Figure 2). An external rotation of about 45° of
the femur has been proven very useful for the visualization and the
preparation of the acetabulum!"®l. The very next step is preparation
and insertion of the acetabular component according to the guidelines
of the material used. The ideal cup position is when placed
approximately at 45° inclination and 10°-20° of anteversion!!*!¢1%],
After the insertion of the cup, in order to facilitate femoral broaching
and component insertion, the hip should be 90° externally rotated
and hyper extended and adducted. Application of a femoral hook
may help this procedure (Figure 3). The whole process could be done
with the use of a special orthopaedic traction table, either PROFx
(Orthopedic Systems Inc., Union City, CA) or HANA table (OSI,
Union City, CA)!'+!618],

However, the use of this traction table is not imperative. The
preparation of the femur can be managed without a special table,
but with an experienced assistant placing the leg to the appropriate
position each time!'”). This is the most clear and distinguished
difference between AMIS and ASI techniques, the first requires a
traction table, the second not. As soon as the femoral components
are safely placed, reduction of the hip is managed. In regards to soft
tissue closure, the anterior hip capsule can be closed with the tag
suture. Then, the fascia lata can be closed with a running, followed
by subcutaneous and skin closure!'*'*'®! (Figure 4A, B).

CURRENT DESIGNS

Several companies have produced designs in order to achieve long
survivability, demonstrable good outcomes and low complication
rates (Table 1). Survival has been studied by Solomon M™ who
analysed the Australian Registry and found that the combination
of Versafit/Quandra (Medacta International SA, Castel San Pietro,
Switzerland) had a cumulative percent revision of 4.9% at one year
in 2009, which in 2010 was 3.1% and in 2012 was comparable to the
percent of the general average revision rate. Additionally, the 5 years
results in Uniklinik Balgrist, Zurich of Versafit/Quandra combination
was 94.6%, 78.9% for the first 20 and 96.8% for the following 130
procedures regarding the overall five-year survival rate™.

Regarding other primary outcome measures, Solomon M™ also
studied the median Harris Hip Score (HHS) and WOMAC scores
which were 99 points (61-100) and 0 points (0-7.5), respectively.
The mean annual polyethylene wear was measured 0.0059mm/year.
In another study, Sebeti¢ et al''” performed 35 THR with AMIS
approach and Medacta implants. The early functional outcome at
2 and 4 months was measured by HSS. At two months and against
a control group HSS were 80.2 vs 69.4 (p < 0.01, higher in AMIS
group); at 4 months HHS were 92.4 vs 88.1 (higher in AMIS group).

Berend K.R. et al™, between January 2006 and August 2008,
performed total hip arthroplasties by using the Taperloc Microplasty
stem (Biomet, Warsaw, IN, USA). From the 655 THR performed with
the Taperloc stem, 289 (39%) were done through an ASI approach,
while 372 (57%) were done through a lateral approach (modified
Hardinge approach). The author recorded that the average six-week
HSS was significantly higher for those with the ASI approach, 80 vs

710

Figure 2 Placement of a modified Charnley retractor in order to provide
better visibility through a direct anterior approach, during a total hip
arthroplasty. The retractor is placed transversely in relation to the incision,
which is usually 8-10 cm.

Invasive Surgery (Medacta International SA, Castel San Pietro,
Switzerland). Note the hook used to lift the proximal femur and the
curved instrument for receiving different sized rasps.

75 (p < 0.0001). The preoperative score was the same for these two
groups.

Fitmore Hip Stem (Zimmer, Warsaw, IN) is designed so as to
preserve more bone in the greater trochanter and it also has been used
in studies combined with DAA approaches. Bal et al®" presented
results from 100 minimally invasive THAs. Mean operative duration
was 53 minutes, mean blood loss was 185 cc (65-630); the follow up
lasted 10 months and their complications were 1 case of pulmonary



embolism and 1 patient with calcar fracture. The authors assumed that
inexperienced surgeons might not achieve results like these, while a
single surgeon performed the 100 THAs of the study after receiving
special training with cadavers. Yerasimides et al''® analysed the
outcomes after the use of Fitmore stem in a series of 1400 primary
Hip Arthroplasties with DAA. The authors presented approximately
50 surface replacements, 70 revisions and no dislocations overall.
The authors summarised in favour of the effectiveness of this
approach.

Accolade designs from Stryker (Stryker Orthopaedics, Mahwa,
NJ) are purposed for cementless press-fit application with a mini
approach. Nakata ef al/®®! used Stryker hardware in a clinical
comparative study of DAA with Mini Posterior Approach (MPA) that
demonstrated faster recovery when it comes to hip function and gait
ability by using DAA rather than MPA. The DAA group presented
better cup positioning (99% over 91% of the MPA). This could be
attributed to the lack of forced traction that might change the pelvic
tilt angle. However, the blood loss volume in that study turned out to
be greater in DAA.

LEARNING CURVE

Surgical experience is considered very important by many authors
and extensive references are made to the so-called ‘learning curve’
of the procedure, either AMIS or ASI. Solomon™ studying the
Australian Registry since 2007, declares a surgeon experienced after
50 AMIS approaches so that complications may be reduced. Surgeons
with less experience had a higher rate of complications. The author
assumed the surgeon to be a trainee until that number of approaches
is reached. He based this statement after showing from the Registry
outcomes that in the first 50-100 procedures revision rates are double
when compared to the following ones, and that during the first 15
procedures revision rates are 4 times higher. Woolson ez al found
that adequate training is important for the reduction of complications
and that complications were reduced after 30-40 procedures.
Goytia et al™
complication rates after 60 procedures.

noticed substantial improvement in the reduction of

Spaans et al®” compared 46 THAs with the Direct Anterior
Approach to another 46 conventional THAs. To evaluate the learning
curve effect, they divided the DAA group into 3 subgroups: the first
subgroup involved the first 1-15 bhips, the second involved the next
fifteen hips, and the third, hips 31-45. Operation time (skin incision to
skin closure), intraoperative blood loss, time of hospital stay, clinical
outcome, and complications were compared in the 3 subgroups
also. The operating time was the only diminished parameter,
pointing a learning curve in these 45 procedures. In another study
emphasising the procedure’s learning curve, De Geest ef al” noticed
intraoperative fractures in low experienced surgeons concluding to a
‘significant learning curve’ with high complication rate in comparison
to other methods.

COMPLICATIONS

Intraoperative complications that are produced with a DAA, either
AMIS or ASI, are mostly related to problems arising from relatively
poor exposure of the femur or injury to LFCN. De Geest ef a/*® in
their previously mentioned study performed 300 hip arthroplasties
with DAA approaches (by use of special orthopaedic tables) from
March 2009 to March 2011. Medacta implants were used in 156
of them and Biomet implants in the rest 144. The intraoperative
complication rate was 3% and the most common reason was femoral,
great trochanter or calcar fracture. All the femoral fractures occurred
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Figure 4 A) Final placement of ceramic on ceramic prosthesis during a total
hip arthroplasty through a Minimally Invasive Surgery (AMIS, Medacta
International SA, Castel San Pietro, Switzerland). B) Anteroposterior
radiograph of the hip of the same patient after skin closure confirming
optimal implant placement.

with the Quadra Medacta stem and none with Taperloc Biomet stem.
Periprosthetic femur fractures were found in 5 (1.67%) and infection
was presented in 10 (3.33%) patients. Injury of the LFCN in this
study happened in 16 (5.33%) cases. Sebeci¢ et all'” found one
femoral perforation with rasp (3%), one fracture of greater trochanter
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Table 1 Companies that produce specific designs and instrumentation for direct anterior approaches.

(3%) and the most common complication was the injury of LFCN
(2 patients, 6%). According to Berend et al™” proximal femoral
perforation was the most common intraoperative complication in the
ASI group using the Taperloc Microplasty Stem (Biomet, Warsaw,
IN, USA), despite its low rate (2 out of 289). Periprosthetic femoral
fracture requiring stem revision and cable fixation was the most
common reason for reoperation (4 out of 6 cases). The most usual
major complication by the surgical procedure was LFCN injury in 2
out of 289 cases. The incidence of LFCN impairment after an anterior

approach reaches 14.8% according to Bhargava T et al””.

Regarding operating time, Spaans et al*' compared 46 THAs with
DAA to another 46 conventional THAs. They resulted to double
surgery time (84 min in the DAA group and 46 min in the PLA
group) and blood loss (704 mL in the DAA group and 364 mL in the
PLA group) with the DAA. Also, a larger complication rate including
complications as dislocation, revision due to cup migration and
femoral stem collapse, and trochanteric fracture was found; 4 patients
underwent intraoperative conversion from a DAA to a PLA. Hallert




et al' also focused on complications resulting from 200 THAs using
a DAA approach. Mean operating time was 114 minutes (statistically
significant longer time in obese patients). Out of 200 there were 5
revisions, 3 perioperative femoral fractures and 6 dislocations, along
with 3 cases of nerve injury and 2 infections. Certain problems can
be presented in obese patients, or muscular patients or with short
femoral neck and acetabular protrusion!'”.

SUMMARY

As a relatively new trend arises, so does the interest among surgeons
and patients. The promises of quicker recovery and improved early
outcomes have been exhibited in international literature by several
authors. But what has also been shown is the need for thorough
education and increased practice with DAA in order for a surgeon
to achieve long-term outcomes comparable to that of conventional
approaches. Few published papers analyse the medium, or long-
term survival of the prostheses placed by DAA and there is certainly
a need for more studies showing all long-term outcomes of DAA.
Anterior minimal invasive techniques may be granted the etiquette of
the new trend in hip arthroplasty. Until becoming the ‘gold’ standard,
there is a uncertainty whether education should be promoted to
orthopaedic residents by including these techniques in their portfolio,
or let only specific hip surgeons interested in DAA endorse its
continuation. Results of future studies and debates at international
meetings may provide the answer to this query.
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