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Background: Management of acetabular defects in total joint reconstruction can be challenging. Various
algorithmic approaches have been developed, with some recommending using posterosuperior
acetabular buttress augments for severe defects. The superior gluteal nerve lies in close proximity to
their application, and damage to it results in deterioration of hip stability and gait mechanics. There has
been investigation into the relationship of the superior gluteal nerve to various anatomic points. To our
knowledge, no study exists examining the relationship between the acetabular rim and the superior
gluteal nerve for the application of these particular devices.
Methods: Ten adult cadaver specimens were examined. A reproducible technique in relation to the
typical placement of a buttress augment was used. From a distance of 20 millimeters (mm) lateral to the
greater sciatic notch, the distance from the superior gluteal nerve to the posterosuperior acetabular rim
was measured.
Results: The average distance between the posterosuperior acetabular rim and the superior gluteal nerve
was found to be 52 mm, ranging from 48 mm to 60 mm.
Conclusion: With proprietary acetabular augments measuring up to 68 mm in length, the superior
gluteal nerve could be at substantial risk with placement of these devices. Surgeons should take great
care with dissection for and intraoperative placement of these devices, and particularly strive for opti-
mized prosthetic hip stability to mitigate the risk of dislocation from nerve injury. To our knowledge, this
study is the first of its kind and provides valuable anatomic and operative knowledge during these highly
complex cases.
© 2020 The Authors. Published by Elsevier Inc. on behalf of The American Association of Hip and Knee
Surgeons. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/

licenses/by-nc-nd/4.0/).
Introduction

Management of bony acetabular defects in total joint recon-
struction, either from traumatic fracture or atraumatic etiologies,
can be challenging. Acetabular buttress augments are becoming
more frequently used for severe posterosuperior bone loss. In order
to combat the amount of acetabular deficiency, these augments can
be rather sizable. An illustrative clinical case is shown in Figures 1
through 5. The senior author has long thought their application
significantly threatens the integrity of the superior gluteal nerve
or Support Tower, Greenville,

Inc. on behalf of The American As
y-nc-nd/4.0/).
leading to an increased risk of prosthetic dislocation. The precise
anatomic relationship regarding this theory has yet to be studied.

Various algorithmic approaches have been developed to aid in
the surgeon’s solution of acetabular defects, with the most popular
being that developed by Paprosky et al. [1]. The type of bone defect
aids in the decision-making regarding the requisite surgical tech-
nique [2-4]. Perhaps the most-recently proposed device with
promising outcomes has been the acetabular buttress augment,
typically applied posterosuperiorly from above the acetabular shell
up the ilium underneath gluteus minimus along the posterior col-
umn just in front of the greater sciatic notch. These augments of
substantial length (inferior-to-superior) have been developed by a
number of implant companies with the goal of creating a load-
bearing construct (for the acetabular shell) to span the bony
defect [5]. This length varies by company from 50 mm to 68 mm
with screw options throughout, and polymethylmethacrylate
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Figure 1. Anteroposterior (AP) pelvis X-ray of a 98-y-old active female that sustained a
superior right acetabular fracture, dislocation in a ground-level fall.

Figure 3. Intraoperative lateral fluoroscopic view with the star in the greater sciatic
notch of the operative right hip during conversion to total hip arthroplasty. The
posterosuperior augment extends quite high up the pelvic outer table and below is
nestled against the press-fit hemispherical acetabular component with poly-
methylmethacrylate cement.
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cement can be applied for further support along the shell and
buttress interface.

Iatrogenic nerve injury is a significant risk during total hip
arthroplasty with the potential for devastating outcomes. The
incidence has been reported to range from 0.7% to 3.5% [6]. Clinical
superior gluteal nerve injury is generally considered less common
in traditional total hip arthroplasty than sciatic, femoral, or obtu-
rator nerve injury [7]. However, the prevalence of subclinical
damage has been reported to be as high as 77% of cases in arthro-
plasty [8], and altered abductor function as a result of injury has
been reported by some to be as high as 23% [9-12]. In complex
reconstructive surgery with periacetabular bone loss, this nerve is
in close relation to acetabular buttress augment placement and,
consequently, is at higher risk of injury during these revision-style
cases. As the gluteus medius and minimus muscles are the major
abductors of the hip, denervation can lead to weakness, a Trende-
lenburg gait, difficulty with stance, and, most-distressing to
arthroplasty surgeons, dislocation. These sequelae can significantly
reduce a patient’s quality of life [13-16].
Figure 2. AP pelvis X-ray of suboptimal anterior fixation and bone substitute place-
ment with residual subluxation that was referred to the senior author.
The anatomy of the superior gluteal nerve has been studied in
relation to hip arthroplasty because of the devastating outcomes
that may result with injury. Several reference points have been
investigated in the literature to reliably identify the nerve’s specific
course. The vast majority have been in relation to various locations
on the femur’s greater trochanter [17]. The iliac crest, anterior-
superior iliac spine, posterior-superior iliac spine, and superior
acetabular rim have also been used [12,13,18]. Many postulate there
is a “safe zone” in relation to the tip of the greater trochanter [17].
The original 50-mm zone defined by Jaccobs and Bruxton has been
challenged more recently with some authors speculating this to be
as low as 30 mm [7,9,12,19-23].

There has been limited examination of the relationship between
the acetabular rim and the superior gluteal nerve, but its applica-
tion to acetabular augments has not been studied. In the placement
of the acetabular buttress augment during complex arthroplasty,
the posterosuperior acetabulum is directly visualized. The aim of
this study is to describe the relationship of the superior gluteal
nerve to this region with a reproducible method and apply these
measurements to the placement of posterosuperior acetabular
augments. We believe that the location of the superior gluteal
nerve naturally lies close enough to the acetabular rim such that it
could be easily injured during this procedure.
Material and methods

Ten high-index glutaraldehyde-preserved cadavers were avail-
able for use in this study by the institution’s affiliated medical
school anatomy laboratory. There were 4 male and 6 female ca-
davers with an average age of 68 years (range, 39-88 years). There
was an equal number of each laterality, left and right. Exclusion
criteria included previous surgeries to the hip (as indicated by
cutaneous scars or findings consistent with such during dissection)
and evidence of previous injury to the acetabulum.



Figure 4. Intraoperative obturator-oblique view of the right hip again showing the
relationship between the augment (stabilized with screws), pelvis, and press-fit
hemispherical acetabular components.
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The cadavers were positioned prone on the dissection table, and
a classic Kocher-Langenbeck (posterior) incision was used [24]. The
superior gluteal bundle was visualized between the gluteus mini-
mus and medius muscles. The nerve (and any vasa nervorum) was
isolated from the surrounding areolar tissue. The greater sciatic
notch was exposed to reveal the location where the nerve exits the
pelvis. We then detached and reflected the piriformis and short
external rotators from their insertions on the proximal femur and
made a capsulotomy. The acetabular rim, particularly poster-
osuperiorly, was exposed for subsequent measurement including
the elevation and lateral reflection of the gluteus minimus inferior
to the nerve. Care was taken to not disrupt the natural lying
Figure 5. Postanesthesia care unit AP pelvis X-ray of her complex right total hip
arthroplasty.
position of the nerve while doing the dissection. Our dissection
allowed visualization of the underlying posterosuperior acetabu-
lum and retroacetabular surface above where an acetabular
buttress would be placed. Of note, additional anatomy including the
sciatic nerve was exposed on select cadavers for photographs to
allow better representation of anatomic relationships.

A flexible ruler measuring to the nearest mm was used. Sharp-
tipped teasing needles and surgical markers were used for
marking the points described previously for specific values, and
final measurements were agreed upon by all 3 authors present. A
point was measured and marked 20 mm directly lateral to the apex
of the greater sciatic notch. The acetabular rim was outlined, and
the site of confluence between the posterior and superior curva-
tures was marked. It was felt this is the most reproducible
anatomical location that lies at the typical location of the most
inferior portion of an acetabular buttress augment. In addition, this
is where a line straight down from our greater notch’s mark
intersected the acetabular rim. We simply measured from the
inferior-most portion of the superior gluteal nerve to the acetabular
location described, as demonstrated in Figure 6.
Results

In the 10 cadavers studied, none met exclusion criteria. The
mean distance between the 2 aforementioned points, essentially
the distance from the superior gluteal nerve outside of the greater
sciatic notch to the posterosuperior acetabular rim to the nervewas
52 mm (range, 48 to 60 mm). The mean distance for males was
found to be 54mm (range, 48 to 60mm)with themean distance for
females 51 mm (range, 48 to 60 mm). The complete quantitative
data are shown in Tables 1 and 2.
Discussion

The results of this study confirm that the superior gluteal nerve
is highly at risk when performing acetabulum reconstruction using
buttress augments. Many of the cadavers examined in this study
possessed a superior gluteal nerve at a distance within where an
acetabular buttress augment covers. Extreme care should be taken
to ensure careful subperiosteal dissection and manipulation un-
derneath gluteusminimus during insertion and screw placement to
prevent stretch damage, compression upon, or frank transection of
this vital nerve.

Managing Paprosky Type IIIA defects, where severe poster-
osuperior acetabular bone loss exists, necessitates complex surgical
techniques. While various ones have been evaluated, many have
shown poor results. Hemispherical porous coated acetabular cups
alone may not be reliable for stable fixation [3]. Oblong cups, or
“jumbo cups” (thosewith aminimum diameter of 66mm inmen or
62mm inwomen), can result in destruction of the posterior column
due to the asymmetry of bone loss [25]. The use of structural
allograft and bone substitutes with reconstruction cages is difficult
to fix biologically and has poor longevity [25]. In addition, mor-
selized bone grafting used in conjunction with cemented compo-
nents may result in iatrogenic fractures and loss of component
position. Acetabular buttress augments have recently appeared to
be an effective alternative to these less-promising options. These
implants are designed for ingrowth and are thus void of the po-
tential for resorption and disease transmission and are structurally
sound. Buttress augments used in conjunction with revision
acetabular cups (ie, multihole and larger sizes with biologic metal)
can restore very well the natural hip center and improve gait me-
chanics [5,25,26]. This center of rotation has been shown to be
lowered as much as 3.5 centimeters from preoperative values in



Figure 6. Measurement from the superior gluteal nerve to the acetabular rim. The
hemostat is in the greater sciatic notch. The dissecting probe identifies the location of
the superior gluteal nerve 20 mm directly lateral to the apex of the greater sciatic
notch. Superior gluteal neurovascular bundle. Sciatic nerve. Gluteus
minimus (reflected). Gluteus medius. Acetabular rim (posterosuperior
aspect).
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revision cases [2]. This alteration of hip biomechanics has displayed
improvements in quality of life and satisfaction scores [4].

Despite the promising results acetabular revision buttress aug-
ments have shown thus far in short follow-up studies, there re-
mains inherent risk. With the superior gluteal nerve traversing
above the acetabulum between the gluteus minimus and medius
muscles, iatrogenic damage is an apparent and likely often unrec-
ognized danger [7]. The oblique course of the superior gluteal nerve
branches and their variability results in difficulty defining the exact
position of the nerve and its risk in arthroplasty [12,21]. In addition,
Table 1
Basic demographic breakdown of our cadaveric specimens and their measurement
from the posterosuperior acetabular rim to the superior gluteal nerve.

Cadaver # Gender Hip laterality Measurement (mm) Age (y)

1 M L 48 66
2 M R 60 88
3 F R 48 74
4 F R 49 39
5 F L 48 72
6 F L 56 62
7 F L 48 83
8 F R 60 63
9 M R 51 77
10 M L 56 56
Average 52 68
2 patterns of the superior gluteal nerve have been described: a
spray-type pattern at the proximal portion of the nerve and a
transverse-neural trunk pattern where the majority of the
branching is more peripheral [17,19-21]. Thus, various reference
points have been investigated as mentioned previously. The vast
majority of these studies have evaluated the distance from the
greater trochanter to the superior gluteal nerve. Although the dis-
tance from the greater trochanter may be useful in total joint
arthroplasty, direct relation from the acetabulum to the superior
gluteal nerve would be most applicable for placement of an
acetabular buttress augment. Only one study has investigated the
superior gluteal nerve’s relation to the acetabulum. Tahir and David
used the relationship of the superior margin of the acetabulum in a
cadaveric study of 44 hips, investigating the risk posedwith a direct
lateral approach to the hip [9]. They found an average distance of 32
mm from the inferior portion of the nerve to the superior rim of the
acetabulum. In our study, the superior rim of the acetabulumwould
lie even closer to the nerve than the location we used for mea-
surement and therefore would align well with the values provided
by their investigation [9]. However, buttress augments typically lie
posterosuperior (not straight superior). Thus, our dissection and
measurements are more applicable to the procedure of acetabular
buttress augment placement.

Various companies have developed acetabular buttress aug-
ments. The most commonly used buttress augments include the
Zimmer Trabecular Metal Acetabular Revision System Buttress
(ZimmerBiomet, Warsaw, IN) with a straight and column buttress
design, the DePuy Synthes Gription TF Acetabular Revision System
Buttress (DePuy Synthes, Raynham, MA), and the Smith and
Nephew Redapt Blade Augment (Smith and Nephew, Watford, UK).
No augments were able to be procured for our research. The
thickness and width of each design varies; however, only one
company publishes the thickness options of the product (8 mm to
24 mm), and none provide width (posterior-to-anterior) mea-
surements. Most important in relation to the superior gluteal nerve
though is the length, which each system does publish. In these 3
systems, lengths of the augments range from 50 mm up to 68 mm.
Components are placed at the location of the bony deficit, which is
posterosuperior in Paprosky Type IIIA defects. The reproducible
measurements used in this study correlate best with the distance
the superior gluteal nerve lies from the buttress augments. As
demonstrated in Table 1, our results indicate the superior gluteal
nerve could unquestionably be at risk during this procedure. Five of
the 10 cadavers were found to have nerves that would be at risk
with even the shortest augment (50 mm). All cadavers were found
to have values that would be at risk with the longest available
augment (68 mm). However, these results are in setting of a native,
uninjured hip without taking into account any bone loss including
any native rim compromise from reaming preparation for the
hemispherical shell. Even though the augment attempts to restore
the hip’s center of rotation, the significant bone loss in these pa-
tients necessitates a larger cup size, and thus, the starting point of
the augment is actually more superior than that in a native hip (and
thus even closer to the superior gluteal nerve than reported here).

It is important to discuss how damage to the superior gluteal
nerve could result. Injury could be a consequence of a variety of
mechanisms including compression, traction, ischemia, or
Table 2
The average distance and range from the posterosuperior acetabular rim to the
superior gluteal nerve between male and female specimens.

(mm) Male (4) Female (6)

Average 54 51
Min. 48 48
Max. 60 60
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transection [9,27]. During the procedure of acetabular buttress
augment placement, the gluteus minimus is elevated from the il-
ium’s retroacetabular surface. As discussed previously, it is impor-
tant to remember that the superior gluteal nerve runs obliquely
over (or superficial to) the gluteus minimus. During the procedure
of elevating this muscle, and with the placement of a thick buttress
augment underneath, it is understandable how the superior gluteal
nerve could be injured through the aforementioned mechanisms.
Simply put, the augment could be placed directly on top of the
nerve if the minimus were not properly dissected, or the nerve
could be stretched and even torn by over-aggressive retraction
underneath gluteus medius for proximal screw placement. The
results in this study support that the gluteus minimus must be
elevated to a distance more proximal than that of the superior
gluteal nerve in most cases to place an acetabular buttress augment
directly on bone. Careless dissection could result in partial or
complete injury. If these mechanisms result in partial nerve palsy,
the majority would be expected to resolve spontaneously [28].
Zappe et al. [29] retrospectively reviewed patients with various
nerve palsies for 2 years in a cohort of 2255 patients who under-
went total hip arthroplasty, with the superior gluteal nerve
composing 15%. The study found that partial injuries reached full
recovery in 91%, whereas the more severe cases showed full re-
covery in only 43% [29]. Complete and persistent denervation of the
superior gluteal nerve has been seen in up to 11% of arthroplasty
cases even without the use of acetabular augments [10]. Farrell
et al. [30] investigated various nerve palsies in relation to total hip
arthroplasty and found just 36% of those with complete neurologic
injuries recovered fully. With effects as severe as recurrent dislo-
cations, the functional deviations generated from these injuries can
significantly reduce the patient’s quality of life [13,16]. And even if
the nerve is only partially and/or transiently injured, the hip is
destabilized by its lack of full abductor moment (and at increased
risk of dislocation) while it recovers.

The importance of knowing the risk of damage to the superior
gluteal nerve with acetabular buttress placement is even further
emphasized with the cumbersome treatment an injury entails. In
the setting of substantial superior gluteal nerve injury, treatment
involves a complicated and prolonged course. Nonoperative op-
tions include physical therapy, extended bracing, and expectant
waiting. Electromyographymay be used to evaluate the potential of
recovery [7,16,28]. If the conservative course fails, typically after
18 months, surgical alternatives may be considered [7]. However,
there seems to be fewer and fewer patients undergoing surgical
intervention, possibly because of modification of lifestyle or the
reluctance of the surgeon and/or patient to perform/undergo the
procedure [28]. Local tendon transfer has traditionally provided the
best outcomes, and transfer of the anterior portion of the gluteus
maximus, which has similar orientation to the horizontal fibers of
the gluteus medius and minimus, has seen promising results
[16,31]. In addition, a technique involving both the gluteus max-
imus and tensor fascia latae has been described [32].

There are definite limitations to this cadaveric study. We agree
with Putzer et al. [13] that the use of a flexible ruler could lead to
some measurement deviation. However, we made each measure-
ment through consensus with all 3 authors before documentation.
The use of cadaveric specimens preserved in high-index fluid
(glutaraldehyde in this study) is known to reduce hydration and
could potentially underestimate distances. However, this solution
also fixes the tissues, whereas fresh cadavers have no muscular
tone and may not provide application to live patients [17]. The low
number of specimens could also contribute to error. At our insti-
tution, we were limited to the number provided due to cadaver
availability. We did consider obtaining data from each cadaver’s
other hip which would have provided a total of 20 measurements.
However, the initial 3 cadavers we evaluated had identical
contralateral values, so we did not include them to seek as much
variation as we could between patients. In addition, we did not
have any actual acetabular buttress augments available to measure
anatomic relationships. We did attempt to acquire samples for use,
but these requests were denied by industry. Nonetheless, com-
panies publish highly detailed product measurements that were
used to extrapolate our data. Also, as touched on previously, we
conducted our study on native hips without even the preparation
for and application of an acetabular shell which could have altered
our length measurements. Finally, we administered our posterior
approach in the prone position while posterior arthroplasty ap-
proaches are done in the lateral position clinically. We did this as
our cadaver laboratory did not have the equipment to allow for
lateral positioning. Despite our atypical positioning, we do not feel
our distance was compromised between the fixed nerve and its
corresponding static landmark at the acetabulum.

Conclusions

With some acetabular augments measuring up to 68 mm in
length, our results demonstrate that the superior gluteal nerve is at
risk with the use of these devices as it lies an average of only 52mm
above the posterosuperior acetabular rim. To our knowledge, this is
the first study investigating the relationship of the superior gluteal
nerve to acetabular buttress augments and the inherent danger
that exists. Great care should be taken with intraoperative place-
ment of these devices to avoid potentially disastrous consequences
from damage to this crucial nerve.

Conflict of interests

The authors declare that they have no known competing
financial interests or personal relationships that could have
appeared to influence the work reported in this paper.

References

[1] Paprosky W, Perona P, Lawrence J. Acetabular defect classification and surgical
reconstruction in revision arthroplasty. A 6-year follow-up evaluation.
J Arthroplasty 1994;9:33.

[2] Alfaro J, Sueiro-Fern�andez J. Trabecular Metal buttress augment and the
Trabecular Metal cup-cage construct in revision hip arthroplasty for severe
acetabular bone loss and pelvic discontinuity. Hip Int 2010;20(7):119.

[3] Sporer SM, Paprosky WG. The use of a trabecular metal acetabular component
and trabecular metal augment for severe acetabular defects. J Arthroplasty
2006;21(6):83.

[4] Siegmeth A, Duncan CP, Masri BA, Kim WY, Garbuz DS. Modular tantalum
augments for acetabular defects in revision hip arthroplasty. Clin Orthop Relat
Res 2009;467(1):199.

[5] Weeden SH, Schmidt RH. The use of tantalum porous metal implants for
Paprosky 3A and 3B defects. J Arthroplasty 2007;22(6):151.

[6] Yang IH. Neurovascular injury in hip arthroplasty. Hip Pelvis 2014;26(2):74.
[7] Hasija R, Kelly J, Shah N, et al. Nerve injuries associated with total hip

arthroplasty. J Clin Orthop Trauma 2018;9(1):81.
[8] Abitbol JJ, Gendron D, Laurin CA, Beaulieu MA. Gluteal nerve damage

following total hip arthroplasty. A prospective analysis. J Arthroplasty
1990;5(4):319.

[9] Khan T, Knowles D. Damage to the superior gluteal nerve during the direct
lateral approach to the hip; a cadaveric study. J Arthroplasty 2007;22(8):1198.

[10] Ramesh M, O’Byrne JM, McCarthy N, et al. Damage to the superior gluteal
nerve after the Hardinge approach to the hip. J Bone Joint Surg Br 1996;78B:
903.

[11] Baker AS, Bitounis VC. Abductor function after total hip replacement. An
electromyographic and clinical review. J Bone Joint Surg Br 1989;71(1):47.

[12] Lammy S. Anatomical course demarcating the safe area for the superior
gluteal nerve. McGill J Med 2009;12(2):23.

[13] Putzer D, Haselbacher M, Hormann R, Thaler M, Nogler M. The distance of the
gluteal nerve in relation to anatomic landmarks: an anatomic study. Arch
Orthop Trauma Surg 2018;128:419.

[14] Studer P, Kosuge D, Rickman M, Soloman L. Versatility of an extended pos-
terior approach for the treatment of acetabular fractures with reference to the
superior gluteal neurovascular bundle. J Orthop Trauma 2016;30:e289.

http://refhub.elsevier.com/S2352-3441(20)30224-7/sref1
http://refhub.elsevier.com/S2352-3441(20)30224-7/sref1
http://refhub.elsevier.com/S2352-3441(20)30224-7/sref1
http://refhub.elsevier.com/S2352-3441(20)30224-7/sref2
http://refhub.elsevier.com/S2352-3441(20)30224-7/sref2
http://refhub.elsevier.com/S2352-3441(20)30224-7/sref2
http://refhub.elsevier.com/S2352-3441(20)30224-7/sref2
http://refhub.elsevier.com/S2352-3441(20)30224-7/sref3
http://refhub.elsevier.com/S2352-3441(20)30224-7/sref3
http://refhub.elsevier.com/S2352-3441(20)30224-7/sref3
http://refhub.elsevier.com/S2352-3441(20)30224-7/sref4
http://refhub.elsevier.com/S2352-3441(20)30224-7/sref4
http://refhub.elsevier.com/S2352-3441(20)30224-7/sref4
http://refhub.elsevier.com/S2352-3441(20)30224-7/sref5
http://refhub.elsevier.com/S2352-3441(20)30224-7/sref5
http://refhub.elsevier.com/S2352-3441(20)30224-7/sref6
http://refhub.elsevier.com/S2352-3441(20)30224-7/sref7
http://refhub.elsevier.com/S2352-3441(20)30224-7/sref7
http://refhub.elsevier.com/S2352-3441(20)30224-7/sref8
http://refhub.elsevier.com/S2352-3441(20)30224-7/sref8
http://refhub.elsevier.com/S2352-3441(20)30224-7/sref8
http://refhub.elsevier.com/S2352-3441(20)30224-7/sref9
http://refhub.elsevier.com/S2352-3441(20)30224-7/sref9
http://refhub.elsevier.com/S2352-3441(20)30224-7/sref10
http://refhub.elsevier.com/S2352-3441(20)30224-7/sref10
http://refhub.elsevier.com/S2352-3441(20)30224-7/sref10
http://refhub.elsevier.com/S2352-3441(20)30224-7/sref11
http://refhub.elsevier.com/S2352-3441(20)30224-7/sref11
http://refhub.elsevier.com/S2352-3441(20)30224-7/sref12
http://refhub.elsevier.com/S2352-3441(20)30224-7/sref12
http://refhub.elsevier.com/S2352-3441(20)30224-7/sref13
http://refhub.elsevier.com/S2352-3441(20)30224-7/sref13
http://refhub.elsevier.com/S2352-3441(20)30224-7/sref13
http://refhub.elsevier.com/S2352-3441(20)30224-7/sref14
http://refhub.elsevier.com/S2352-3441(20)30224-7/sref14
http://refhub.elsevier.com/S2352-3441(20)30224-7/sref14


A.A. Cole et al. / Arthroplasty Today 7 (2021) 11e1616
[15] Eksioglu F, Uslu M, Gudemez E, Atik OS, Tekdemir I. Reliability of the safe area
for the superior gluteal nerve. Clin Orthop Relat Res 2003:111.

[16] Jang SA, Cho YH, Byun YS, Gu TH. Abductor reconstruction with gluteus
maximus transfer in primary abductor deficiency during total hip arthro-
plasty. Hip Pelvis 2016;28(3):178.

[17] Stecco C, Macchi V, Baggio L, et al. Anatomical and CT angiographic study of
superior gluteal neurovascular pedicle: implications for hip surgery. Surg
Radiol Anat 2013;35(2):107.

[18] Eastman JG, Adams MR, Frisoli K, Chip Routt Jr ML. Is S3 a viable osseous
fixation pathway? J Orthop Trauma 2018;32(2):93.

[19] Jacobs LG, Buxton RA. The course of the superior gluteal nerve in the lateral
approach to the hip. J Bone Joint Surg Am 1989;71:1239.

[20] Perez MM, Llusa M, Ortiz J, et al. Superior gluteal nerve: safe area in hip
surgery. Surg Radiol Anat 2004;26:225.

[21] Basarir K, Ozsoy MH, Erdemli B, Bayramoglu A, Tuccar E, Dincel VE. The safe
distance for the superior gluteal nerve in direct lateral approach to the hip
and its relation with femoral length: a cadaver study. Arch Orthop Trauma
Surg 2008;128:645.

[22] Wang TI, Chen HY, Tsai CH, Hsu HC, Lin TL. Distances between bony land-
marks and the adjacent nerve: anatomical factors that may influence retractor
placement in total hip replacement surgery. J Orthop Surg Res 2016;11:31.

[23] Ikeuchi M, Kawakami T, Yamanaka N, Okanoue Y, Tani T. Safe zone for the
superior gluteal nerve in the transgluteal approach to the dysplastic hip:
intraoperative evaluation using a nerve stimulator. Acta Orthop 2006;77(4):
603.
[24] Hoppenfeld S, Boer P, Buckley R. The posterior approach to the acetabulum.
In: Surgical exposures in orthopaedics: the anatomic approach. 5th ed. Phil-
adelphia: Wolters Kluwer; 2018. p. 394.

[25] Evola FR, Costareella L, Evola G, Barchitta M, Agodi A, Sessa G. Acetabular
revisions using porous tantalum components: a retrospective study with 5-10
years follow-up. World J Orthop 2017;8(7):553.

[26] Meneghini RM, Hull JR, Russo GS, Lieberman JR, Jiranek WA. Porous tantalum
buttress augments for severe acetabular posterior column deficiency. Surg
Technol Int 2015;27:240.

[27] Sunderland S. The anatomy and physiology of nerve injury. Muscle Nerve
1990;13(9):771.

[28] Odak S, Ivory J. Management of abductor mechanism deficiency following
total hip replacement. Bone Joint J 2013;95-B:343.

[29] Zappe B, Glauser PM, Majewski M, Stockli HR, Ochsner PE. Long-term prog-
nosis of nerve palsy after total hip arthroplasty: results of two-year follow-ups
and long-term results after a mean time of 8 years. Arch Orthop Trauma Surg
2014;134:1477.

[30] Farrell CM, Springer BD, Haidukewych GJ, Morrey BF. Motor nerve palsy following
primary total hip arthroplasty. J Bone Joint Surg Am 2005;87(12):2619.

[31] Whiteside LA. Surgical technique: transfer of the anterior portion of the
gluteus maximus muscle for abductor deficiency of the hip. Clin Orthop Relat
Res 2012;470(2):503.

[32] Whiteside LA. Surgical technique: gluteus maximus and tensor fascia lata
transfer for primary deficiency of the abductors of the hip. Clin Orthop Relat
Res 2014;472(2):645.

http://refhub.elsevier.com/S2352-3441(20)30224-7/sref15
http://refhub.elsevier.com/S2352-3441(20)30224-7/sref15
http://refhub.elsevier.com/S2352-3441(20)30224-7/sref16
http://refhub.elsevier.com/S2352-3441(20)30224-7/sref16
http://refhub.elsevier.com/S2352-3441(20)30224-7/sref16
http://refhub.elsevier.com/S2352-3441(20)30224-7/sref17
http://refhub.elsevier.com/S2352-3441(20)30224-7/sref17
http://refhub.elsevier.com/S2352-3441(20)30224-7/sref17
http://refhub.elsevier.com/S2352-3441(20)30224-7/sref18
http://refhub.elsevier.com/S2352-3441(20)30224-7/sref18
http://refhub.elsevier.com/S2352-3441(20)30224-7/sref19
http://refhub.elsevier.com/S2352-3441(20)30224-7/sref19
http://refhub.elsevier.com/S2352-3441(20)30224-7/sref20
http://refhub.elsevier.com/S2352-3441(20)30224-7/sref20
http://refhub.elsevier.com/S2352-3441(20)30224-7/sref21
http://refhub.elsevier.com/S2352-3441(20)30224-7/sref21
http://refhub.elsevier.com/S2352-3441(20)30224-7/sref21
http://refhub.elsevier.com/S2352-3441(20)30224-7/sref21
http://refhub.elsevier.com/S2352-3441(20)30224-7/sref22
http://refhub.elsevier.com/S2352-3441(20)30224-7/sref22
http://refhub.elsevier.com/S2352-3441(20)30224-7/sref22
http://refhub.elsevier.com/S2352-3441(20)30224-7/sref23
http://refhub.elsevier.com/S2352-3441(20)30224-7/sref23
http://refhub.elsevier.com/S2352-3441(20)30224-7/sref23
http://refhub.elsevier.com/S2352-3441(20)30224-7/sref23
http://refhub.elsevier.com/S2352-3441(20)30224-7/sref24
http://refhub.elsevier.com/S2352-3441(20)30224-7/sref24
http://refhub.elsevier.com/S2352-3441(20)30224-7/sref24
http://refhub.elsevier.com/S2352-3441(20)30224-7/sref25
http://refhub.elsevier.com/S2352-3441(20)30224-7/sref25
http://refhub.elsevier.com/S2352-3441(20)30224-7/sref25
http://refhub.elsevier.com/S2352-3441(20)30224-7/sref26
http://refhub.elsevier.com/S2352-3441(20)30224-7/sref26
http://refhub.elsevier.com/S2352-3441(20)30224-7/sref26
http://refhub.elsevier.com/S2352-3441(20)30224-7/sref27
http://refhub.elsevier.com/S2352-3441(20)30224-7/sref27
http://refhub.elsevier.com/S2352-3441(20)30224-7/sref28
http://refhub.elsevier.com/S2352-3441(20)30224-7/sref28
http://refhub.elsevier.com/S2352-3441(20)30224-7/sref29
http://refhub.elsevier.com/S2352-3441(20)30224-7/sref29
http://refhub.elsevier.com/S2352-3441(20)30224-7/sref29
http://refhub.elsevier.com/S2352-3441(20)30224-7/sref29
http://refhub.elsevier.com/S2352-3441(20)30224-7/sref30
http://refhub.elsevier.com/S2352-3441(20)30224-7/sref30
http://refhub.elsevier.com/S2352-3441(20)30224-7/sref31
http://refhub.elsevier.com/S2352-3441(20)30224-7/sref31
http://refhub.elsevier.com/S2352-3441(20)30224-7/sref31
http://refhub.elsevier.com/S2352-3441(20)30224-7/sref32
http://refhub.elsevier.com/S2352-3441(20)30224-7/sref32
http://refhub.elsevier.com/S2352-3441(20)30224-7/sref32

	Do Acetabular Buttress Augment Pose Risk to the Superior Gluteal Nerve? A Cadaveric Study
	Introduction
	Material and methods
	Results
	Discussion
	Conclusions
	Conflict of interests
	References


