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Introduction

Despite recent advances in diagnostic and imaging 
techniques, misdiagnoses still occur in the hip and groin 
regions. Numerous studies have been published on 
nonsurgical and surgical treatments to manage associated 
pain and/or mechanical symptoms and to preserve the hip 
joint. Increased sports participation, often year-round and 
beginning at a young age, as well as improved recognition 
by medical practitioners with high resolution imaging 
techniques have all contributed to a rise in the diagnosis 
of nonarthritic hip related pathology. However, hip 
pathologies are not always isolated and may be associated 
with a mix of intra- and extra-articular abnormalities. It is 
sometimes difficult to distinguish intra-articular from extra-
articular pathologies including snapping, muscle spasm, 
and neurological problems (1). Recently, Draovitch et al. 
developed the layer concept approach to help determine 
where pain and pathology originates (2). Layer I, the 
osseous layer; layer II, the inert tissue layer; layer III, the 
contractile layer and layer IV, the neuro-mechanical layer 

have been described (2). 
There are studies looking at the correlation among layer 

III with layer I and II pathologies. Casartelli et al. have 
shown that patients with femoroacetabular impingement 
(FAI) have considerable muscle weakness compared to 
healthy control patients. The authors have demonstrated 
that contractile muscular dysfunction can occur as a result of 
structural pathology and pain (3). Compensatory muscular 
responses to layer 1 and II pathology may also cause 
muscle-related pathology including snapping or tendinitis. 
In order to address these concurrent pathologies, open and 
arthroscopic approaches in hip preservation surgery have 
been used in combination. The purpose of this article is to 
review the surgical techniques and usefulness of combined 
open and arthroscopic procedures in hip preservation 
surgery and describe novel technical approaches to nerve 
entrapment syndromes of the groin and deep gluteal region.

Layer 1, osseous layer

There are two major pathologies in layer 1, the osseous 
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layer. FAI has been recognized as one of the most common 
source of groin pain, which is associated with intra-articular 
pathologies including labral tears and cartilage damage 
from dynamic abutment of the proximal femur with the 
acetabular rim (4,5). Arthroscopic hip surgery has evolved 
over recent years as an effective surgical approach to manage 
patients presenting with FAI (6,7). Other causes of groin 
pain are developmental pathologies including developmental 
dysplasia of the hip (DDH) and abnormalities of femoral 
version, acetabular version and/or femoral inclination. 
Recent studies have shown that patients with DDH have 
generally less favorable outcomes following hip arthroscopy. 
The evidence has reported high rates of progressive lateral 
subluxation of the hip and high reoperation rates with 
conversion to total hip arthroplasty after hip arthroscopy 
for patients with DDH (8,9). One study advised against 
performing hip arthroscopy for DDH when pre-operative 
radiographs indicate a break in Shenton’s line, femoral 
neck shaft angle >140 degrees, lateral center edge (LCE) 
angle <19 degrees, body mass index (BMI) >23 kg/m2 or 
when severe cartilage damage is present at the time of 
surgery (10). Similarly, Hatakeyama et al. have shown that 
preoperative predictors of worsened clinical outcomes 
following hip arthroscopic labral preservation, capsular 
plication and cam osteoplasty in the setting of borderline 
DDH (BDDH) are age ≥42 years, broken Shenton’s Line, 
osteoarthritis (Tonnis ≥ grade 1), Tonnis angle ≥15 degrees 
and vertical center anterior (VCA) angle ≤17 degrees on 
preoperative radiographs (11). Poor outcomes were defined 
as conversion to total hip arthroplasty, rotational acetabular 
osteotomy, endoscopic shelf acetabuloplasty, or progression 
to of osteoarthritis (Tonnis >2) at a minimum of 2 years 
post-surgery. Furthermore, the authors reported that intra-
operative predictors of poor outcomes were severe cartilage 
delamination of the acetabulum and mild cartilage damage 
at the femoral head. However, recent studies have shown 
that hip arthroscopy may be beneficial for treating patients 
with BDDH (12-15). Future research is needed to refine 
the surgical indications to both open and arthroscopic 
techniques in the setting of DDH. 

Endoscopic shelf acetabuloplasty 

In order to address some of the arthroscopic pitfalls of 
managing DDH, Uchida et al. developed a new technique 
of endoscopic shelf acetabuloplasty. The authors described 
a procedure for direct endoscopic visualization of the 
anterolateral osseous undercoverage of the socket during self 

acetabuloplasty (16). They have shown in a series of 32 active 
patients with DDH that endoscopic shelf acetabuloplasty 
provided promising clinical outcome and a high rate of 
return to sports (average follow-up: 32.3±3.0 months; range, 
24–48 months) (17) (Figure 1). They noted that endoscopic 
shelf acetabuloplasty is a less invasive option, than open 
shelf procedure or peri-acetabular osteotomy (PAO) that 
compliments concurrent arthroscopic procedures including 
labral repair, subspinal decompression and cam osteoplasty (17).

Endoscopy-assisted PAO (eaPAO)

Although endoscopic shelf acetabuloplasty is less invasive, 
it appears to be limited for severe dysplasia with femoral 
deformities including femoral version and inclination. Open 
PAO is beneficial for patients with moderate and severe 
dysplasia but has the disadvantages of being a more invasive 
surgery with higher volume of blood loss and rates of 
complications including sciatic nerve injury. Recent cadaveric 
and clinical studies have highlighted techniques to successful 
achievement of eaPAO using mini incisions and customized 
guides and osteotomes without creating iatrogenic damage 
to the acetabulum and vital structures (18-20). The technical 
advantages of eaPAO are direct endoscopic visualization for 
improved accuracy and safety of key ischial and posterior 
column osteotomy cuts with protection of the adjacent sciatic 
nerve, improved accuracy of acetabular fragment repositioning 
and subsequent construct stability, and visualization of the 
dynamic interaction of the repositioned acetabular rim 
with the proximal femur enables the detection of PAO-
induced FAI (Figure 2). As with the endoscopic shelf surgery, 
arthroscopic hip procedures can address co-existing intra-
articular pathology in a less invasive manner with the potential 
for decreased hospital stay and accelerated rehabilitation. 
However, at the present time there are only technical 
descriptions and case reports available in the literature. Long-
term cohort studies that are sufficiently powered are required 
to clarify whether eaPAO can be safe and provide favorable 
clinical outcomes for patients with DDH. 

Layer 3: contractile layer

Snapping hip

Layer 3 consists of all contractile muscle surrounding hips, 
trunk stabilizers and pelvic floor stabilizers. The main aim of 
this layer is to create controlled synchronized movements and 
provide dynamic stability to the hip joint. Snapping hip may 
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Figure 1 Endoscopic shelf acetabuloplasty. (A) Anterior posterior pelvis radiograph showing left lateral center edge angle (LCEA) of 20°; 
(B) supine hip arthroscopy is performed on a traction table. Viewing from the ALP, a torn labrum and OCD lesion was seen; (C) the labrum 
is repaired with a suture anchor; (D) cam osteoplasty (osteochondroplasty) is performed viewing from MAP; (E) viewing from ALP, the 
shoelace capsular plication using Ultratape is performed; (F) a 30-degree-arthroscope is placed outside of capsule for performing endoscopic 
shelf acetabuloplasty; (G) an additional bone graft was placed above the shelf graft and fixed with a HA-PLLA screw; (H) postoperative X-ray 
showed improved coverage of the acetabulum and good remodeling of the anterolateral shelf occurred. ALP, anterolateral portal; OCD, 
Osteochondritis dissecans; MAP, mid-anterior portal; HA-PLLA, hydroxyapatite/poly-L-lactate
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occur in the extra-articular peri-trochanteric location. This 
process is known as coxa sultans externus, and in contrast 
to internal snapping hip, this condition is typically visible 
and palpable, but not audible. Numerous open surgical 
procedures have been described to either resect variable 
amounts of the posterior portion of the iliotibial band (ITB) 
over the greater trochanter (GT) or to Z-lengthen the ITB 
in attempts to decrease the tension of the ITB (21). Recent 
literature has described endoscopic procedures to release the 
ITB or gluteus sling over the ITB (22,23).

In our practice, we have experienced a proportion of DDH 
patients that also have painful recalcitrant external snapping 
hip. Compensatory muscular responses to DDH and/or hip 
instability may cause musculotendinous-related pathologies 
including snapping hip. In these situations, we prefer to 
perform endoscopic shelf acetabuloplasty and open Z-plasty of 
the ITB via a small incision simultaneously (Figure 3). 

Layer 4: neuromuscular layer

Groin-related neuropathy 

Peripheral nerve entrapment in the groin is commonly 
caused by compression of three main nerves that include 
the obturator, femoral and lateral femoral cutaneous 
nerves (LFCN). In this article, we show typical obturator 
nerve entrapment that can co-exist with intra-articular 
pathologies. Although femoral neuropathy and LFCN 

neuropathy are oftentimes seen in our practice, surgical 
decompression should be avoided because surgical outcomes 
remain unsatisfactory (24). Meralgia paresthetica (MP) is a 
painful disorder as a result of an entrapment of LFCN near 
the lateral aspect of the inguinal ligament. Usually non-
traumatic in etiology, MP is commonly associated with 
obesity, pregnancy and tight-fitting clothing. A recent case 
report demonstrated the effectiveness of an ultrasound-
guided percutaneous technique of hydrodissection 
[hydrorelease (HR)] for treating MP (25).

Obturator nerve entrapment 

Obturator neuropathy has been recognized as a source 
of unexplained groin pain or loss of sensation of medial  
thigh (26). Obturator neuropathy is a rare mononeuropathy, 
which is associated with pelvic fractures, pelvic hematomas, 
retroperitoneal masses and intrapelvic tumors (26). In 
addition, several studies have reported obturator neuropathy 
as a potential complication associated with gynecological, 
urological and orthopedic surgeries (27,28). Anatomically, 
the obturator nerve arises from the ventral divisions of 
the second, third, and fourth lumbar nerves in the lumbar 
plexus. It descends through the fibers of the psoas major, 
emerges medially near the brim of the pelvis and runs along 
the lateral wall of the lesser pelvis, above and in front of 
the obturator vessels, to the upper part of the obturator 
foramen (26). The nerve then passes through a fibro-
osseous tunnel under the pubic ramus. Within the tunnel, 
the nerve divides into anterior and posterior branches, as 
well as a branch to the obturator externus (26,29). 

Clinical signs and symptoms of obturator nerve 
entrapment often include post-exercise medial thigh 
pain and adductor muscle weakness. Paresthesia and/or 
sensory loss in the medial thigh area is usually observed. 
The diagnosis with electromyography (EMG) is based on 
fibrillation potentials or high amplitude waves limited to 
muscles innervated by the obturator nerve. Ultrasound-
guided obturator nerve block with local anesthesia is 
useful for diagnosing and relieving the pain and symptoms 
(30,31). If conservative treatment including nerve block, 
non-steroid anti-inflammatory agents and physiotherapy 
fail to improve the symptoms, surgical intervention may be 
considered. We have experienced some patients with FAI 
who underwent hip arthroscopic procedures with obturator 
nerve entrapment after initial surgery. Lower extremity 
traction during hip arthroscopy may cause obturator nerve 
entrapment in those patients and emphasizes the general 

Figure 2 Supine arthroscopic image of left hip after acetabular 
repositioning and transient internal fixation (AP fluoroscopic 
picture inset) have been performed via endoscopy-assisted 
peri-acetabular osteotomy (eaPAO). Once desired acetabular 
repositioning is confirmed, arthroscopic femoroplasty of co-
existent cam FAI is done via burr in relation to the newly oriented 
acetabular rim to ensure eradication of any ongoing FAI. AP, 
anteroposterior; FAI, femoroacetabular impingement.
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principle of minimizing traction time and force during hip 
arthroscopic procedures. 

Our preferred surgical approach to obturator nerve 

decompression is described below with a case example. 
The patient was placed in the supine position on a standard 
operating table. An oblique incision was made 2-cm distal 
and parallel to the inguinal ligament on the upper adductor 
region. The pectineus and adductor longus was identified 
and the superficial fascia was incised. The two muscles were 
then separated by blunt dissection. The anterior branch 
of the obturator nerve was identified by intraoperative 
neurological monitoring over the adductor brevis and 
the overlying fascia was released to decompress the nerve 
(Figure 4). The nerve was found to be strangulated by 
the overlying adhesive fascia. The overlying fascia was 
released to decompress the entrapped nerve. Bradshaw et 
al. demonstrated, in a series of 32 patients with obturator 
neuropathy, the excellent clinical outcomes and high return 
to sport rate after this surgical neurolysis treatment (32).

Neuropathy of the deep subgluteal space

Deep gluteal syndrome is an entity characterized by pain 
and paresthesia in the buttock area, posterior thigh and hip 
region caused by non-discogenic sciatic nerve neuropathy 
in the subgluteal space. Multiple nerves including sciatic, 
superior gluteal, inferior gluteal, posterior femoral 

Figure 3 Surgical procedure of the Z-plasty modified from Provencher et al. (21). GT, greater trochanter. 

Figure 4 Operative findings during obturator nerve decompression. 
Anterior branch of the obturator nerve was identified over adductor 
brevis. Decompression of obturator nerve (ON) was performed. 
View of adductor longus (Add.Longus); arrows point to the 
overlying fascia. Note the nerve being trapped by overlying fascia. 
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cutaneous and pudendal nerve can become entrapped in the 
piriformis area (Figure 5). There is a paucity of knowledge 
regarding how to deal with these pathological entities.

First-line treatment should be a conservative treatment 
consist ing of  rest ,  ant i- inf lammatory agents  and 
physiotherapy. In a few cases, endoscopic resection of 
piriformis is ultimately required (33). A systematic review of 
mostly case series and reports reported consistently positive 
results with improvement in pain and a low incidence of 
complications, particularly for endoscopic procedures (34).

Superior gluteal nerve (SGN) entrapment

SGN arises from posterior divisions of fourth lumbar 
through first sacral ventral rami. It passes the pelvis through 

the greater sciatic foramen, superior to the piriformis and 
runs laterally between the gluteus medius and minimus 
muscles with the deep branch of the SGN to innervate the 
gluteus medius, gluteus minimus, tensor fascia lata and 
the hip joint (35). This nerve has no cutaneous sensory 
distribution (Figure 5).

SGN entrapment is a rare but recognized condition 
presenting as buttock pain secondary to local buttock 
trauma, pelvic fracture, hip surgery, and as a sequelae 
of repeated buttock injections (36,37). There are three 
noticeable symptoms of the SGN entrapment including 
spontaneous gluteal pain, weakness in abduction of the 
lower limb and tenderness over the superior gluteal 
region corresponding to the greater sciatic notch (36). 
Significant weakness of hip abduction muscular may cause a 
Trendelenburg sign and gait.

The first line treatment for the SGN entrapment is 
conservative including non-steroidal anti-inflammatory 
agents and physiotherapy. Recently, HR has been defined 
as a technique to release adhesive tissue by introducing 
normal saline under pressure into tissue planes causing 
dissection (25). This technique helps to decompress the area 
of entrapment by creating previous nonexistent planes. It 
has been used to preserve perforating arteries surrounding 
entrapment nerve. We have treated some patients with the 
SGN entrapment undergoing ultrasound-guided HR.

The technique involves placing patients in the prone 
position on a table. Since the exit of the SGN is located 
approximately at the medial one third of the line connecting 
the posterior inferior iliac spine (PIIS) and GT, the 
transducer is placed at the intersection of these anatomic 
landmarks. The transducer is gently moved in a caudal 
direction until the echo signature of the SGN is located. 
Once the SGN is visualized in a transverse plane, the nerve 
is traced proximally and distally to confirm its appropriate 
course toward lateral gluteal region. A sterile 22-gauge 
needle is reached out to the inter-fascia plane under the 
direct ultrasound visualization in a longitudinal transverse 
view. We then inject 6 mL of sterile normal saline to bluntly 
dissect the nerve away from the surrounding soft tissue 
(Figure 6).

Conclusions

Endoscopic assisted PAO and shelf acetabuloplasty are 
less invasive treatment strategies for DDH. Hydrorelease 
used to decompress nerve entrapment surrounding the hip 
joint can improve pain and function in patients with groin 

Figure 5 Schema of deep gluteal space. 

Figure 6 Ultrasonography finding showing the location of 
superior gluteal nerve (SGN) and superior gluteal artery (SGA). 
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and deep gluteal space neuropathy. There is a dearth of 
knowledge regarding entrapment neuropathy in groin and 
deep gluteal space. Further investigation is necessary to 
clarify the long-term clinical outcomes of these innovative 
techniques. 
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