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Abstract 

 

The obturator nerve sends both motor and sensory fibres to the medial compartment 

of the thigh. This study aimed to provide a clear description of the anatomy and course 

of the obturator nerve and its branches to assist surgeons and clinicians in the safe 

performance of various pelvic procedures  

 

One hundred and one (101) formalin-fixed cadavers 61 males and 40 females             

(68 ± 17 years), were dissected at the Department of Anatomy, University of Pretoria. 

Dissections were performed just lateral to the lumbar vertebra to describe the origin of 

the obturator nerve. The course of the nerve, with its relations, was observed and 

recorded until it terminated in the medial thigh. The location of the obturator nerve 

within the obturator foramen was quantified by measuring the distance from three (3) 

bony landmarks of the obturator foramen to the nerve; most superior, most medial and 

most inferior points. The results were used to determine their possible clinical 

applications. 

 

Variations were observed in the root origins of the obturator nerve, its course in the 

abdomen, bifurcation patterns and the innervation patterns of its terminal branches. 

The obturator nerve (B) was found 6.26 ± 1.62 mm from the most superior point (A), 

31.69 ± 3.41 mm from the most medial point (C) and 47.33 ± 3.94 mm from most 

inferior point (D). The measurement from the obturator nerve to the most inferior point 

(B-D) is the one with a significant difference for sex (p = 0.26). 

 

The results may be used in the pre-operative preparation of pelvic lymphadenectomy, 

stress urinary incontinence (SUI) treatment and obturator nerve blocks. The study has 

assisted in expanding the knowledge on the anatomy of the obturator nerve and its 

branches in a South African context. These results should be verified in a clinical 

setting. 

 

Keywords: pelvic cancer; pelvic surgery; pelvic lymphadenectomy; obturator nerve 

block; obturator nerve roots; obturator foramen, obturator nerve location, TOT,       

TVT-O; SUI 
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Executive summary 

 

Several surgical and clinical procedures are performed in the area of the medial 

compartment of the thigh. These are performed in attempts to achieve 

anaesthesia/analgesia or to repair and treat surrounding areas of the medial 

compartment. The procedures are either performed close to the nerves or directly 

along them. This places the obturator nerve and its branches in potential danger of 

injury. The literature reports several instances of obturator nerve damage during these 

procedures, which can often directly be associated with a lack of anatomical 

knowledge. The use of instruments calibrated for European or American populations 

could also account for nerve damage in a South African population as several studies 

have highlighted the anatomical differences between these populations. The location 

of anatomical structures may therefore be similar in concept, but their relationships to 

bony landmarks may be highly variable.  

 

This study aimed to clearly describe the course of the obturator nerve and its branches 

from their origin at the lumbar vertebrae in the abdominal cavity, to the terminal 

branches in the medial compartment of the thigh. The location of the obturator nerve 

within the obturator foramen was also quantified using three (3) bony landmarks of the 

obturator foramen. The variations of these nerves were also investigated and 

accurately described.  

 

One hundred and one (101) cadavers were dissected at the Department of Anatomy, 

School of Medicine, Faculty of Health Sciences, University of Pretoria. The sample 

comprised of 61 males and 40 females (68 ± 17 years). The study fell under the 

auspices of the National Health Act 61 of 2003. In the first phase of the study, the 

observed course and variations of the obturator nerve was recorded. The course was 

described from its origins at the lumbar vertebra in the abdominal cavity to where it 

enters the obturator canal, to terminate in the medial compartment of the thigh. The 

normal anatomy and variations of the branching and innervation patterns of the 

anterior and posterior branches of the obturator nerve were recorded after exiting the 

obturator canal and entering the medial compartment. To give a quantitative 

description of the location of the obturator nerve (B) within the obturator canal, 
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measurements were taken from the most superior (A), most medial (C) and most 

inferior (D) points of the obturator foramen.  

 

Variations were found with regard to the origin of the spinal nerve roots. The second 

lumbar nerve root (L2) was absent in 20% (36/181), with the obturator nerve only 

originating from the third (L3) and fourth (L4) lumbar spinal nerves. There was 

significance found for the influence of sex on the origin of the nerve roots of the 

obturator nerve. For the location of the obturator nerve within the obturator foramen, 

the distance of A-B was 6.26 ± 1.62 mm, 31.69 ± 3.41 mm for the B-C distance and 

47.33 ± 3.94 mm for the B-D distance. A significant difference for sex was found only 

for the B-D measurement (p = 0.26). The distance in the females was found to be 

44.99 ± 3.55 mm and the distance in males was 48.85 ± 3.42 mm. The results have 

clinical applications in obturator nerve blocks, pelvic lymphadenectomy and stress 

urinary incontinence (SUI) procedures. 

 

The results indicate that there is high variation in terms of the nerve root origins, 

bifurcation at the obturator foramen and the innervation patterns of the terminal 

branches. The description of the anatomy and variation of the obturator nerve and its 

branches in the medial compartment of the thigh will assist anaesthesiologists in 

performing nerve blocks for knee surgery, amongst others. The description of the 

course within the pelvis will assist surgeons in performing pelvic lymphadenectomy 

procedures safely, by avoiding damage to the nerve and surrounding vessels. The 

location of the obturator nerve within the obturator foramen may be used in 

gynaecologic and urologic surgery for the treatment of SUI. Using the measurements 

within the foramen will help avoid the obturator nerve. Using the most medial and most 

inferior points of the obturator foramen allows for safe performance of these SUI 

procedures. 

 

The results may be used in a clinical setting to verify their practical usage, possibly 

allowing refining of procedural guidelines. 
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Chapter 1 - Introduction 

 

The obturator nerve and its branches are known to be variable in their branching 

patterns and innervation (Horwitz, 1939, Kirchmair et al., 2008,                   

Anagnostopoulou et al., 2009, Arora et al., 2014). An extensive review of the available 

literature indicates that, apart from general anatomical descriptions, few actual studies 

have been done to provide a detailed description of the exact position, course, 

branching pattern or possible anatomical variations of the obturator nerve. 

Furthermore, a thorough description of the position of the obturator nerve within the 

obturator foramen is lacking. This is especially true for the South African population.  

 

Complications related to damage to the obturator nerve and its branches intra-

operatively and post-operatively have previously been reported in the literature 

(Bradshaw et al., 1997, Possover et al., 1998, Loeb et al., 2010,                                         

Ates and Tulandi, 2013, Ball et al., 2013). Symptoms of obturator nerve damage have 

been observed in pelvic surgery such as radical prostatectomy, cystectomy, pelvic 

lymphadenectomy for cancer diagnosis and procedures for the treatment of stress 

urinary incontinence (SUI) in males and females (Spaliviero et al., 2004,       

Heidenreich et al., 2007, Hazewinkel et al., 2009, Kitagawa et al., 2009,                      

Shah et al., 2013).  

 

With regard to regional anaesthesia of the obturator nerve and its branches, failed 

blocks or even nerve damage have been reported when an obturator nerve block for 

knee and hip surgery is incorrectly performed (Bouaziz et al., 2002,                        

Choquet et al., 2005, Simeoforidou et al., 2013). This further emphasizes the 

importance of a clear description of the course of the obturator nerve and any possible 

variations within different population groups. 
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Chapter 2 – Literature review 

 

2.1. Obturator nerve anatomy 

 

The obturator nerve forms part of the lumbar plexus. It originates from the ventral rami 

(anterior divisions) of the second (L2), third (L3) and fourth (L4) lumbar spinal nerves. 

These rami fuse within the psoas major muscle, to then descend and emerge on its 

medial border; running on the pelvic brim (Figure 1).  

 

 

Figure 1: Root values of the obturator nerve lateral to the lumbar vertebra                 

(Agur and Dalley, 2009) 

 

The nerve then enters the true pelvis at the level of the sacroiliac joint. Here, it is 

accompanied by the obturator artery and vein. The obturator nerve and artery run 

antero-inferiorly along the pelvic brim and lateral pelvic wall towards the obturator 

foramen. At the obturator foramen, the nerve and artery pass through the obturator 

canal; a fibro-osseous tunnel in the obturator membrane (Figure 2). The obturator 

canal is the only part of the obturator foramen that is not covered by the obturator 

membrane and is found supero-laterally within the foramen. The canal is bordered 

superiorly by the superior pubic ramus and inferiorly by the obturator membrane and 

the obturator externus muscle.  



3 

 

 

Figure 2: Medial view of the lateral pelvic wall on the right side (Agur and Dalley, 2009) 

 

Once through the obturator canal, the obturator nerve bifurcates into an anterior and 

posterior branch, as well as a branch to the obturator externus muscle. These 

branches innervate the muscles of the medial compartment of the thigh and give 

sensory innervation to the medial thigh and the knee joint. The anterior and posterior 

branches are separated by the obturator externus muscle as the obturator nerve 

enters into the medial compartment of the thigh (Wassef, 1993, Bradshaw et al., 1997, 

Vloka and Hadić, 1999, Ricciardi et al., 2012, Moore et al., 2013). The bifurcation of 

the nerve has been reported to be variable in its location and have been described to 

either be intrapelvic, in the canal or extrapelvic (in the medial thigh) (Anagnostopoulou 

et al., 2009).  
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2.1.1. Anterior branch 

 

The anterior division provides sensory innervation to the distal two-thirds of the skin 

over the medial thigh and motor innervation to the adductor muscles. It branches off 

from the obturator nerve to course anterior to the obturator externus muscle and deep 

to the pectineus muscle. In its course through the medial thigh, the anterior branch 

runs posterior to the adductor longus and anterior to the adductor brevis muscles. The 

anterior branch is commonly known to innervate the adductor longus, adductor brevis 

and gracilis muscles along its course. These muscles, together with the adductor part 

of the adductor magnus muscle, function as the adductors of the hip (Bradshaw et al., 

1997, Tipton, 2008, Anagnostopoulou et al., 2009, Ricciardi et al., 2012).  

 

Variations in the motor innervation of the anterior branch have been reported. The 

nerve has been observed to also innervate the pectineus muscle, as well as the 

obturator externus muscle (Bradshaw et al., 1997, Anagnostopoulou et al., 2009). 

Reports have also shown the anterior branch only innervating the adductor longus and 

gracilis muscles, while the adductor brevis muscle was innervated by the posterior 

branch of the obturator nerve. The adductor brevis muscle may also display a double 

innervation by both the anterior and posterior branches of the obturator nerve 

(Anagnostopoulou et al., 2009, Vandana et al., 2011). 

 

2.1.2. Posterior branch 

 

Within the medial thigh, the posterior branch runs between the adductor brevis muscle 

posteriorly and the adductor magnus muscle anteriorly. Its primary innervation is to 

the adductor part of the adductor magnus muscle. As previously mentioned, it may 

assist the anterior branch in the innervation of the adductor brevis muscle. As it 

descends, it gives off an articular branch for sensory innervation to the knee joint 

(Bradshaw et al., 1997, Tubbs et al., 2005, Achtari et al., 2006, Tipton, 2008). 

 

Further variations were reported in a study by Anagnostopoulou et al. (2009), where 

multiple nerve divisions were observed. Three branches were observed, which 

innervated the adductor magnus, adductor brevis and obturator externus muscles.      

In the same study, four branches of the posterior branch were also observed to 
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innervate the adductor magnus, adductor brevis, obturator externus and adductor 

longus muscles. 

 

2.1.3. Accessory obturator nerve 

 

The accessory obturator nerve arises from the ventral rami of L3-L4. This nerve is not 

commonly found and has been reported in 13-40% of people (Katritsis et al., 1979, 

Bradshaw et al., 1997, Kitagawa et al., 2009). It descends medial to the psoas major 

muscle, together with the obturator nerve. In its descent, it enters the medial thigh on 

the superior border of the superior pubic ramus to rest on and innervate the pectineus 

muscle. If present, it may give articular branches to the hip joint (Bradshaw et al., 1997, 

Beneš, 1999, Tipton, 2008, Kitagawa et al., 2009). 

 

2.1.4. Injury to the obturator nerve 

 

Damage to the obturator nerve during surgical and clinical procedures may occur if 

knowledge of the variation in the branching patterns of the nerve is lacking or incorrect. 

Damage to the obturator nerve may present with motor and/or sensory fallouts such 

as paraesthesia or loss of sensation to the medial third of the thigh and weakness of 

the adductor muscles, which may lead to atrophy of the muscles (Beneš, 1999, 

Spaliviero et al., 2004, Ghaemmaghami et al., 2009). Additionally, compression of the 

nerve by surgical instruments and inflammation caused by the surgical procedures 

may cause groin pain. This pain is reversible, although it may persist for some time 

after repair (Siliski and Scott, 1985, Hazewinkel et al., 2009). 
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2.2. Clinical procedures 

 

2.2.1. Obturator nerve block 

 

An obturator nerve block is performed to reduce muscle spasm and sensation to the 

medial thigh during pelvic and lower limb surgeries. The procedure is also performed 

to provide anaesthesia for knee surgery. The block is usually performed concurrently 

with the femoral, sciatic and lateral femoral cutaneous nerve blocks, or a “3-in-1 block”, 

to ensure full anaesthesia of the lower limb including the knee. 

 

Anaesthesia over the knee may, at times, be obtained without the addition of the 

obturator nerve block, but studies show that the anaesthetic effects may not be 

complete. The addition of the obturator nerve block for knee surgery is therefore 

considered an important component in providing successful anaesthesia                   

intra-operatively (Lang et al., 1993, Morris and Lang, 1999). In addition, the block is 

performed for pain management around the knee post-operatively                         

(Bouaziz et al., 2002, McNamee et al., 2002). Obturator nerve blocks may also be 

performed for anaesthesia in transurethral bladder surgical procedures to prevent 

muscle contraction of the adductor muscles intra-operatively (Augspurger and 

Donohue, 1980, Gasparich et al., 1984, Akata et al., 1999).  

 

There are two main approaches that could be used to block the obturator nerve; the 

traditional and interadductor approach. 

 

2.2.1.1. Traditional approach 

 

This method was first described by Labat (1922). In this approach, a needle is inserted 

perpendicular to the skin at a distance 1.5 - 3 cm lateral and 1.5 – 3 cm inferior to the 

pubic tubercle. The needle, connected to a nerve stimulator, is inserted until it reaches 

the inferior border of the superior pubic ramus. It is then slightly retracted from the 

bone and is angled antero-laterally along the border of the superior pubic ramus. This 

is continued until the obturator nerve is stimulated resulting in the adductor muscles 

being in spasm, after which the anaesthetic is injected.  
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2.2.1.2. Interadductor approach 

 

This approach was described by Wassef (1993) as an alternative to the traditional 

approach. In the study, the author suggested that the traditional approach was difficult 

to perform as a result of the anatomy of the area in which the needle was inserted. 

This was supported by Moore (1979) and Kakinohana et al. (2002). 

 

In the interadductor approach, the femoral artery is identified and a mark is made           

1 - 2 cm medial to it and then inferior to the inguinal ligament to denote the trajectory 

of the needle. The adductor longus is identified and marked as well. An insulated 

needle, attached to a nerve stimulator, is inserted posterior to the tendon of the 

adductor longus muscle and advanced laterally. The spasm of the adductors of the 

thigh will indicate that the needle is in close proximity to the obturator nerve and the 

local anaesthetic solution is injected. 

 

In 1993, Wassef compared the two procedures. Each procedure was performed on   

10 patients. It was found that the traditional approach was successful in only 60%         

(n = 6) of the cases, while the interadductor approach was successful in 80% (n = 8) 

of the cases. These findings were later supported by Kakinohana et al. (2002). 

 

2.2.2. Pelvic lymphadenectomy 

 

Lymphadenectomy is a surgical procedure performed for diagnosis and staging in 

cancer patients (Briganti et al., 2006). As a preventative measure, it entails the surgical 

removal of lymph nodes in the area where the cancer is located. Although damage is 

said to be rare, injury to the obturator nerve has been reported in the surgical 

management of gynaecological and urologic cancers (Guillonneau et al., 2002, 

Kitagawa et al., 2009, Ricciardi et al., 2012, Pavlovich et al., 2015). This is possibly 

due to a disruption of the normal anatomy from space occupying growths. It may also 

be due to a lack of knowledge of the normal anatomy in the region; such as the 

potential variations of the obturator nerve or lack of a clear description of its course in 

a specific population group.  

 



8 

 

In a case report by Ricciardi et al. (2012), the obturator nerve was transected during 

a lymphadenectomy of pelvic lymph nodes in a patient with cervical cancer. The nerve 

was transected intra-operatively and, at a later stage, repaired without any functional 

loss. In another case of lymphadenectomy performed in a male patient with prostate 

cancer, the obturator nerve was transected intra-operatively. The injury was identified 

and repaired laparoscopically (Spaliviero et al., 2004). A similar complication was also 

reported by Pavlovich et al. (2015), where  the obturator nerve was damaged during 

pelvic lymph node dissection with cystectomy for the treatment of bladder cancer in 

male patients. 

 

2.2.3. Transobturator procedures 

 

These procedures are performed for the treatment of SUI in both males and females. 

It requires traversing the left and right obturator foramens, with a surgical needle, in 

order to secure a transobturator sling under the mid-urethra (Ridgeway et al., 2008). 

Various types have been developed and are discussed below. 

 

2.2.3.1. Tension-free Vaginal Tape-Obturator inside-out technique (TVT- O)  

 

The tension-free vaginal tape inside-out technique (TVT-O) was developed in order to 

overcome the safety issues and complications caused by the previously used tension-

free vaginal tape (TVT) procedure for the treatment of SUI in females        (de Leval, 

2003, Achtari et al., 2006). The TVT procedure utilises the retropubic space instead of 

the obturator foramen as a pathway for needle insertion and sling placement. An 

incision is made inferior to the urethral meatus to allow needle introduction. The 

needles exited through incisions made superior to the pubis, 5 cm apart.  

 

For the procedure, the patient is placed in the lithotomy position; the legs are placed 

in stirrups and the thighs are abducted and flexed. The TVT-O procedure shies away 

from the retropubic space by using the obturator foramen as an area for needle 

penetration in the placement of the transobturator mid-urethral sling. As in the TVT 

procedure, it uses an incision made inferior to the urethral meatus as an entry point 

for the helical needles (entry incision). These are rotated laterally on either side to 
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pierce through the obturator foramen and exit at horizontal incisions made at the 

genitofemoral folds, 2 cm superior to the level of the mid-urethra (exit incision) on both 

legs (Figure 3) (Ulmsten et al., 1996, Ulmsten et al., 1998, Costa and Delmas, 2004, 

Bonnet et al., 2005). 

 

 

Figure 3: View of the perineum of an unembalmed female cadaver placed in the 

lithotomy position. Incision made for the entry of the needles inferior to the urethral 

meatus and the exit incisions at the genitofemoral fold (Picture courtesy of    

Tshabalala et al., 2013). 

 

Complications caused by the placement of the TVT-O have been documented by other 

studies (Boyles et al., 2007, Juang et al., 2007). These include mesh erosion, as well 

as bowel, bladder and blood vessel injuries. Cases of groin pain due to obturator nerve 

injury have also been reported in the literature and was found to be higher in the TVT 

procedure when compared to the TVT-O procedure (de Leval, 2003, Juang et al., 

2007, Wang et al., 2009). Although seemingly safer than the TVT procedure, the TVT-

O inside out procedures does seem to have its own associated issues; as mentioned 

above. 
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2.2.3.2. Transobturator Tape outside-in technique (TOT females)  

 

The TOT outside-in procedure was developed to minimise the complications 

experienced in the placement of the TVT-O procedure in females. The TOT         

outside-in procedure similarly uses the obturator foramen as a pathway for the 

placement of a sling around the urethra. The TOT outside-in procedure differs in 

technique by inserting the needles through the incisions made at the genitofemoral 

fold (entry incision), with the patient placed in the lithotomy position. The needles are 

rotated medially and exit through an incision made inferior to the urethral meatus      

(exit incision) (Figure 4). The sling is attached to the needles, to be pulled through the 

pathway created by the needles through the obturator foramen                                      

(Costa and Delmas, 2004, Bonnet et al., 2005). This technique allows the surgeon to 

enter at their preferred angle, choosing the correct angle would thereby avoid damage 

to the obturator nerve and vessels. 

 

 

Figure 4: View of the perineum of an unembalmed female cadaver placed in the 

lithotomy position. Incision made for the entry of the needles in the genitofemoral fold 

and the exit incision made inferior to the urethral meatus (Picture courtesy of 

Tshabalala et al., 2013). 
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Although the literature deemed the TOT outside-in safer than the TVT and TVT-O         

inside-out procedures, the obturator nerve may be injured during the procedure as 

needles pass near the infero-lateral bladder and bladder neck during placement of the 

sling; which are in close proximity to the obturator nerve in the pelvis                       

(Hradec et al., 1982, Akata et al., 1999, Khorrami et al., 2010). Injury to the pelvic 

organs has also been reported, although complications involving the urinary tract are 

found to be lower in TOT than in the other procedures. Other complications include 

vaginal erosion, haemorrhaging, dyspareunia and perineal pain (Costa and Delmas, 

2004, Kaelin-Gambirasio et al., 2009).  

 

2.2.3.3. Transobturator Tape inside-out technique (TOT males) 

 

The TOT inside-out procedure is used for the treatment of SUI in males. This 

procedure uses an incision made between the scrotum and the anal margin to allow a 

dissection to accommodate the needles (entry incision), with the patient placed in the 

lithotomy position. Through this incision, the needles enter the perineal space between 

the base of the penis medially and the ischiocavernous muscle laterally. The needles 

are rotated laterally to pierce the obturator foramen. The needles exit through incisions 

made in the genitofemoral fold (exit incision), lateral to the scrotum at the level of the 

base of the penis (when it is reflected onto the abdomen), as seen in figure 5 (Rehder 

and Gozzi, 2007, De Leval and Waltregny, 2008).  
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Figure 5: View of the perineum of an unembalmed male cadaver placed in the 

lithotomy position. The scrotum is reflected superiorly to allow insertion of the needles 

through the obturator foramen from the inside (Picture courtesy of Tshabalala et al., 

2013). 

 

Current literature has reported this procedure to be safe, with minimal complications, 

although the obturator nerve is still located in the area where the tape is inserted        

(De Leval and Waltregny, 2008, Gozzi et al., 2008). 

 

2.2.3.4. Transobturator Tape outside-in technique (TOT males) 

 

Similar to the inside-out technique, this procedure is also performed for the treatment 

of SUI in males. It uses the same concept as the TOT procedure in females, with the 

patient placed in the lithotomy position, whereby incisions in the genitofemoral folds 

are used to insert the needles (entry incision); whereafter the needles are rotated 

medially. The needles exit lateral to the bulb of the penis between the ischiocavernous 

muscle laterally and the bulb of the penis medially (exit incision). The mesh is attached 

to the needle and pulled through the obturator foramen (Figure 6) (Rehder and Gozzi, 

2007, Gozzi et al., 2008).  
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Figure 6: View of the perineum of an unembalmed male cadaver placed in the 

lithotomy position. The scrotum is reflected superiorly to allow insertion of the needles 

through the obturator foramen from the outside.  

The procedure was not included in the postgraduate dissertation by Tshabalala et al. 

(2013), the picture was only used to demonstrate the TOT outside-in procedure. 

 

Obturator nerve damage is a common complication that may be incurred in all of these 

procedures. The clinical symptoms of damage to the nerve are weakness of the 

adductor muscles and loss of sensation of the medial thigh. Groin and perineal pain in 

males and females respectively may only be a temporary complication of damage to 

the nerve, but could still radically reduce the quality of life for these individuals (de 

Leval, 2003, Whiteside and Walters, 2004, Juang et al., 2007, Wang et al., 2009). 

Therefore, clinical knowledge of the position, course and branching pattern of the 

obturator nerve is essential to successfully perform these procedures without 

complications, irrespective of severity. 

 

2.2.3.5. Previous study on SUI treatment procedures 

 

In an unpublished dissertation by Tshabalala et al. (2013), the researchers 

investigated the relations of the obturator nerve to mid-urethral slings placed for the 

treatment of SUI in males and females. The sample was equally distributed according 
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to sex (n = 28). The TOT inside-out procedure was performed on 14 males, the TOT 

outside-in procedure was performed on 7 females and the TVT-O inside-out procedure 

was performed on the final 7 females in the sample. Measurements were made from 

the obturator nerve to the mesh in each of these procedures. 

 

The researchers reported that the posterior branch was most in danger in all the 

procedures. The anterior branch was found to be safe from the trajectory of the 

needles. These results were supported by a study by Spinosa et al. (2007).  

 

2.3. Aim 

 

The aim of this MSc study was to address certain “gaps” that currently exist in the 

literature regarding the obturator nerve. This study aimed to achieve this by means of 

detailed qualitative and quantitative descriptions of the anatomy (origin, course, 

relationship to other structures, branching patterns and variations) of the obturator 

nerve in a Southern African cadaver population. 

 

2.3.1. Research objectives 

1. To expand the knowledge on the anatomy of the obturator nerve and its branches 

through qualitative observation of its origin, course, branching patterns, muscle 

innervation and possible variations. 

2. To give a quantitative description of the obturator nerve within the obturator 

foramen using palpable bony landmarks. 

3. To find clinical relevance for the knowledge of the anatomy of the obturator nerve 

and its branches, as well as described variations, by comparing it to the current 

literature and guidelines to perform surgical/clinical procedures in the area of this 

nerve. 
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Chapter 3 – Materials and methods 

 

A total of 101, formalin-fixed, cadavers were used in the study. The sample comprised 

of 61 males and 40 females (68 ± 17 years). The cadavers were obtained from the 

Department of Anatomy, School of Medicine, Faculty of Health Sciences, University 

of Pretoria in 2014 and 2015. The usage of these cadavers falls under the auspices of 

the South African National Health Act 61 of 2003. Bilateral dissections were made to 

the posterior abdominal wall, pelvic cavity and upper medial thigh of each cadaver. 

The study was conducted in three phases. 

 

3.1. Phase 1: Description of the course of the obturator nerve within 

the abdomen 

 

3.1.1. Exclusion criteria 

 

Cadavers with previous surgery, pathology, that have been previously dissected or 

where the psoas major muscle was not intact at its origin, were excluded. There was 

no exclusion with regard to age, race or sex. 

 

3.1.2. Dissection procedure 

 

After the data collection, the sample size for obturator nerve root dissection was 

reduced to 181 sides (90 left and 91 right sides) as a result of exclusion of a side or 

both sides of a cadaver. The cadaver sample consisted of 55 males and 36 females. 

The investigation comprised of the observation of the anatomy of the obturator nerve 

from its origin (point where the anterior rami of lumbar spinal nerves fused lateral to 

the vertebral column) and its course throughout the abdominal and pelvic cavity, to its 

termination in the medial compartment of the thigh.  

 

Before the commencement of dissections, the lumbar vertebrae were identified and 

pins were placed into their respective intervertebral discs. To determine the origin of 

the nerve from the vertebral column, the relation to the psoas major muscle in the 

abdomen was firstly noted. The fibres of the psoas major muscle were carefully 
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reflected from their origins on the vertebral column until the rami of the spinal nerves 

were visible; thereby ensuring that the nerves were not damaged. The obturator nerve 

was followed proximally and the rami that formed the nerve were identified. Where 

necessary, additional blunt dissection was done to isolate the rami (Figure 7).  

 

 

Figure 7: Pinning of the intervertebral discs on the left  

Vert - Vertebra 

 

The rami were pinned and any variations found were noted and photographed. The 

relations of the rami to those of other nerves were also recorded (Figure 8). The course 

of the obturator nerve, after its rami fused, was then observed. All relations to muscles, 

vessels and other nerves were noted as it descended towards the true pelvis and 

travelled to the obturator canal to conclude its course within the abdomen and pelvis. 
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Figure 8: Pinned intervertebral discs (green) and nerve rami of the obturator nerve 

(blue) and femoral nerve (pink) 

 

The course of the nerve was then followed into the lower limb, as the obturator nerve 

exited the obturator canal. The obturator nerve was firstly observed as it terminated 

into its anterior and posterior branches, noting whether it terminated within the pelvis 

(intrapelvic), the obturator canal (within canal) or the thigh (extrapelvic). Within the 

canal was defined as a point between the obturator canal and the anterior surface of 

the obturator externus muscle. This defined a nerve to have bifurcated within the canal 

if the anterior and posterior branches originated before they emerged from the 

obturator externus muscle; where the posterior branch pierces the muscles. In turn, 

extrapelvic bifurcation would be when the anterior and posterior branches originated 

after the obturator externus muscle, emerging on its superior border, to then innervate 

the muscles of the medial thigh.  



18 

 

Thereafter, the course of each terminal branch – to their respective areas of muscle 

innervation – were observed. Finally, the position of the terminal branches, in relation 

to adductor muscles, and their course to innervate these muscles were observed and 

accurately described. Any variations observed were also noted. 

 

3.1.3. Statistical analysis 

 

Analyses were firstly done on the different root values of the obturator nerve on the 

left and right sides of the lumbar vertebrae. A Chi-Square test was performed against 

sex to determine significance of the influence in the different root values. For cells with 

an expected count of less than 5, a two-sided Fisher’s exact test was performed. For 

the bifurcation patterns of the obturator nerve at the obturator foramen, a contingency 

table was made to determine frequencies. Similarly, a contingency table was also 

made for the innervation patterns of the anterior and posterior branches of the 

obturator nerve in the medial compartment of the thigh. 

 

3.2. Phase 2: Location of the obturator nerve within the obturator 

foramen 

 

3.2.1. Exclusion criteria 

 

Cadavers were excluded from the sample if the medial thigh was fully dissected, if 

there was previous surgery performed in the area or if there was visible pathology in 

the area of the obturator foramen. No cadaver was excluded according to age, race 

or sex. 

 

3.2.2. Dissection procedure 

 

This phase was the quantitative aspect of the study, quantifying the location of the 

obturator nerve within the obturator foramen. Measurements were made only after all 

observations of the obturator nerve and its branches within the abdomen, pelvis and 

the medial compartment of the thigh were completed. The exclusion of cadavers or 
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one side of a cadaver reduced the sample size to 186 sides; 95 left and 91 right sides. 

These sides were from a sample of 99 cadavers; 60 males and 39 females. 

 

For the measurements, three specific bony landmarks of the obturator foramen were 

used to locate the obturator nerve (B) within the foramen. These were the most 

superior (A), most medial (C) and most inferior points (D) of the obturator foramen 

(Figure 9).  

 

 

Figure 9: Landmarks used to locate the obturator nerve within the obturator foramen. 

Each point is indicated by a similarly coloured letter (right) and circle (left).  

 

The dissection was initiated by placing the cadavers in a supine position, with the hips 

abducted. This was achieved by placing the lower extremities of the cadaver beside 

metal stirrups secured to the sides of the dissection tables. To expose the designated 

landmarks, the adductor muscles of the medial thigh and surrounding muscles were 

reflected or removed, as necessary. The most superior point of the obturator foramen 

was exposed by carefully reflecting the pectineus muscle laterally from the pectineal 

line and the adductor longus muscle inferiorly from the superior pubic ramus.  

 

Once landmark A was exposed, a measurement was taken between the latter and the 

obturator canal (landmark B). To expose landmark C and D of the foramen, muscles 

were removed from their origins; parts of the adductor brevis and adductor magnus 

muscles were removed from their origins to allow stability of the obturator nerve and 
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to allow space for the calliper. A part of the adductor brevis muscle was removed from 

the body and inferior ramus of the pubis and a part of the adductor magnus muscle 

from the ischiopubic ramus. The last muscle to be reflected was the obturator externus 

muscle, along the margins of the obturator foramen.  

 

The sliding calliper was pressed against landmarks C and D and measurements to 

landmark B were made from each point. To describe the average position of B within 

the obturator foramen, descriptive statistics were used.  

 

3.2.3. Statistical analysis 

 

To evaluate the location of B within the obturator foramen, a two-sided t-test was done. 

The measurements of the left and right sides of A-B, B-C and B-D were compared to 

test for any significant difference between them (p < 0.05). Thereafter, individual 

Generalised Linear Models (GLM) were performed on the measurements using sex 

as a defining factor to test if sex has an influence on the measurement. 

 

3.3. Phase 3: Clinical applications of the results 

 

Using the results from the previous phases, selected surgical and clinical procedures 

performed in areas where the obturator nerve is present were investigated. 

Comparisons of the results were then made with current guidelines of these 

procedures through extensive literature searches using the PubMed, Science Direct, 

Ovid and Google Scholar journal databases, as well as current surgical and 

anaesthetic textbooks/guidelines. The results were compared to the investigated 

procedures using similar landmarks, allowing validation or contention of these 

procedures. Procedures were chosen according to specific criteria: 

 

1. Their procedural relationship to the obturator nerve and/or its branches,                    

i.e. Proximity of instruments used and/or the selected procedural landmarks to the 

nerves 

2. Possible damage to the obturator nerve and/or its branches by performance of 

these procedures. 
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Chapter 4 – Results 

 

4.1. Origin and course of the obturator nerve and its branches 

 

4.1.1. Root values of the obturator nerve 

 

The obturator nerve originates from the L2, L3 and L4 spinal nerves. Variations of this 

norm are known to be present, as seen in figure 10, where the L2 root is absent.             

A contingency table was made for the influence of sex on the origins of the obturator 

nerve on the left side. The sample of left sides (n = 90) consisted of 61% males               

(n = 55) and 39% females (n = 35).  

 

 

Figure 10: Nerve roots of the nerves of the lumbar plexus from L2-L4, with an absent 

obturator nerve L2 contribution. 

Green – Intervertebral discs. Orange – Obturator nerve roots. Red – Femoral nerve 

roots. Blue – Lateral femoral cutaneous nerve roots. 
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Figure 11 below indicates that 82% (n = 74) of the obturator nerves observed 

originated from the L2-L4 nerve roots and 18% (n = 16) originated from only the L3 

and L4 nerve roots. This is further broken down into the obturator nerve of 49% of the 

males (n = 44) and 33% of the females (n = 30) originating from the L2-L4 nerve roots. 

Alternatively, the obturator nerve originated from the ventral rami of only the L3 and L4 

nerve roots in 12% of the males (n = 11) and 6% of the females (n = 5). 

 

 

Figure 11: Obturator nerve root value frequencies on the roots in males and females 

on the left 

 

A Chi-square test revealed that the influence of sex on the root values of the obturator 

nerve was not significant (p = 0.49).  

 

Similar tests were performed on the nerve root on the right (n = 91). The results in 

figure 12 show that 78% (n = 71) of the cases had the obturator nerve originated from 

the L2-L4 spinal nerve roots, while 22% (n = 20) originated from L3 and L4. 

Additionally, 47% of the male cases (n = 43) and 31% of the female cases (n = 28) 

originated from the L2-L4 nerve roots, with 13% of the male cases (n = 12) and 9% of 

the female cases (n = 8) originated from L3 and L4 nerve roots. 
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Figure 12: Obturator nerve root value frequencies on the roots in males and females 

on the right 

 

The Chi-square test determined that sex had no statistically significant influence on 

the root value of the right obturator nerve (p = 0.96).  

 

This allowed the sample to be combined into a sample of 181 sides. In the new 

combined sample, the nerve was observed to originate from L2-L4 in 80% (n = 145) 

of the cases and from L3 and L4 in 20% (n = 36) of the cases. Within the new sample, 

the nerve originated from L2-L4 in 48% of the males (n = 87) and in 32% of the females 

(n = 58). Alternatively, the nerve originated from L3 and L4 in 13% of the males               

(n = 23) and 7% of the females (n = 13), as seen in figure 13. 
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Figure 13: Combined obturator nerve root value frequencies in males and females 

 

4.1.2. Course through the abdomen 

 

The roots of the obturator nerve generally fused within the fibres of the psoas major 

muscle. Some instances were recorded where one of the roots only joined the others 

more distally, after exiting the psoas major muscle on its medial border. This is evident 

in figure 14, where the L3 nerve root joins the L4 root within the true pelvis. Similar 

fusions were seen in 2 other cases (n = 3 of 181 cases (1.7%)).  
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Figure 14: The low fusion of L3 to L4 obturator nerve (green) roots 

Pink – Femoral nerve. Blue – Lateral femoral cutaneous nerve. 

Orange (with arrow) – Genitofemoral nerve. Yellow – Remaining fibres of psoas major. 

 

4.1.3. Bifurcation of the obturator nerve 

 

Bifurcation of the obturator nerve occurred at the obturator canal, where it terminated 

into the anterior and posterior branches of the obturator nerve. The frequencies of the 

left and right bifurcation patterns are represented in figure 15 and 16, with an overall 

sample size of 101 on the left and 100 on the right. Intrapelvic bifurcation occurred 

only in 3% (n = 3) on the left and 1% (n = 1) on the right. Bifurcation was observed 

mostly frequently within the obturator canal, in 92% (n = 93) of the cases on the left 

and in 94% (n = 94) on the right. Extrapelvic bifurcation occurred in 5% of the cases 

on both the left and right (n = 5) 
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Figure 15: Left obturator nerve bifurcation location frequencies 

 

 

Figure 16: Right obturator nerve bifurcation location frequencies 
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No significant difference was found between left and right sides in terms of sex               

(p > 0.05). The lack of significance allowed the left and right sides to be pooled into 

one sample size of 201 specimens. In the new sample, intrapelvic bifurcation of the 

nerve was observed in 2% (n = 4) of the cases. Bifurcation within the obturator canal 

was observed in 93% (n = 187) of the sample and extrapelvic bifurcation was observed 

in 5% (n = 10) of the sample. These results are represented by the graph in figure 17. 

 

 

Figure 17: Combined obturator nerve bifurcation location frequencies 

 

4.1.4. Muscle innervation in the medial thigh 

 

According to anatomical literature, the anterior branch of the obturator nerve 

commonly innervates the adductor longus, adductor brevis and gracilis muscles. The 

posterior branch is described to innervate the obturator externus and the adductor part 

of the adductor magnus muscle (Bradshaw et al., 1997, Anloague and Huijbregts, 

2009, Moore et al., 2013). There was some variation with regard to this norm. In all 

cases on the left (n = 97) and 99% on the right (n = 98), the anterior branch innervated 
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the muscles of the medial thigh as commonly described       (Figure 18). There was 

one case on the right, where the anterior branch innervated the pectineus muscle. 

 

 

Figure 18: View of the innervation patterns of the anterior branch of the obturator 

nerve (yellow) as it innervates the gracilis (green), adductor longus (orange) and 

adductor brevis (red). Obturator externus (OE) as it is innervated by the posterior 

branch (purple) 

 

The posterior branch of the obturator nerve is known to innervate the obturator 

externus and the adductor magnus muscles. In this study, it was the case in 90%          

(n = 87) on the left of the total cases (n =97) and in 89% (n = 87) of the cases on the 

right (n = 98). The posterior branch was also observed to assist the anterior branch in 

the innervation adductor brevis. This was the case in 10% (n = 10) on the left and 11% 

(n = 11) on the right sides (Figure 19).  
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Figure 19: Medial view of the double innervation of the adductor brevis (green) muscle 

by the anterior (orange) and posterior (blue) branches of the obturator nerve. AL - 

Adductor longus. Purple – Nerve to adductor longus. Posterior branch – Yellow.  

 

4.2. Phase 2: Location of the obturator nerve within the obturator 

foramen 

 

To quantify the location of the obturator nerve within the obturator foramen, a two-

sample t-test was performed to test for significant differences between the left (n = 95) 

and right (n = 91) measurements. Pooled (equal variance) and Satterthwaite (unequal 

variance) methods were performed on the A-B measurements to analyse the 

probability of having either equal or unequal variance between the samples. Both the 

methods resulted in a p-value of 0.19, showing no significant difference between the 

measurements, regardless of variance. A test of equality of variance confirmed that 

the samples have equal variance, resulting in a p-value that is equal to 0.19,  

 

Similar statistics were performed on the B-C measurements. A check for the variance 

of the sample had a p-value of 0.95 for the Pooled and Satterthwaite methods. The 

test of equality revealed that the sample had equal variance, with a   p-value of 0.34. 

This indicated equal variance of the sample. 

 



30 

 

For the B-D measurements, a p-value of 0.26 was observed for both the Pooled and 

Satterthwaite methods. A p-value of 0.71 was seen for the test of the equality of 

variances for the measurements. Equal variance of the sample could then be 

assumed. 

 

GLMs were made for each of the averages of the measurements of the obturator 

foramen landmarks to the nerve. These models were used to test whether sex had a 

significant influence on the measurements within the obturator foramen. A p-value of 

0.34 for the influence of sex indicated that there was no significant difference with 

regard to the distance between the most superior point of the foramen (landmark A) 

and the obturator nerve (landmark B) within the obturator canal. The mean value 

(mean ± SD) of the A-B length averages was found to be 6.25 ± 1.76 mm. 

 

GLM was also performed for the B-C measurement. The mean value for the B-C 

lengths was 31.77 ± 3.74 mm. No significant difference was found for the influence of 

sex on the distance between the obturator nerve (B) and the most medial point of the 

obturator foramen (landmark C) (p = 0.61). 

 

The final measurement completed the overall location of the obturator nerve in the 

obturator foramen. The B-D measurements had a mean value of                                   

47.48 ± 4.19 mm. There was however a significant difference found for the influence 

of sex on the distance of the obturator nerve (B) to the most inferior point of the 

obturator foramen (landmark D) (p < 0.0001). 

 

The observed mean values for the measurement B-D in the male and female samples 

are 48.85 ± 3.55 mm and 44.99 ± 3.42 mm respectively. It is important to note that the 

male sample mean value is larger than of the female sample. 
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4.3. Phase 3 - Clinical applications of the results 

 

A variety of relevant clinical and surgical procedures were identified after an extensive 

search of the available literature. Keywords used in the database searches mentioned 

in the materials and methods were: obturator nerve, obturator nerve variation, 

obturator nerve damage, obturator nerve blocks, lumbar plexus and obturator nerve 

surgery. As possible procedures were identified after results of the previous 

keywords, the following additional keywords were used to find the most relevant 

procedures: total knee arthroplasty, lumbar plexus block, obturator 

lymphadenectomy, transurethral transection, urinary incontinence surgery, knee 

analgesia. Although many other clinically relevant procedures were found on the 

obturator nerve and its branches, not all of them were reviewed. The review resulted 

in three procedures being selected for investigation; two of which are clinical 

(obturator nerve block and pelvic lymphadenectomy) and one surgical (SUI treatment 

in males and females). The applications of the results on these procedures are 

detailed in chapter 5. 
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Chapter 5 – Discussion 

 

5.1. Origin and course of the obturator nerve and its branches 

 

Knowledge of the anatomy of the obturator nerve and its branches is important in the 

successful performance of clinical and surgical procedures. The results indicate that 

there are variations with regard to the origin, course and branching pattern of the 

obturator nerve. A clear and concise observational and quantitative analysis of these 

variations will assist in decreasing complications involving the obturator nerve in 

procedures performed on or around the area of the obturator nerve and its branches. 

 

5.1.1. Root values of the obturator nerve 

 

In chapter 3, the roots of the obturator nerve were investigated. There was no 

significant influence found for sex as a defining factor for nerve root values of the 

obturator nerve. This implies that procedural techniques performed on the obturator 

nerve or structures within its surrounding area at the lumbar vertebra may be applied 

to both males and females.  

 

Variations were found with regard to the absence or presence of the L2 spinal root in 

the formation of the obturator nerve. This is contrary to a study by Anloague and 

Huijbregts (2009), where no variations were found in the origins of the obturator nerve 

at the lumbar vertebrae. In a study of 60 lumbar plexuses by Arora et al. (2014), the 

obturator nerve originated from L2-L4 in only a third of the sample. Horwitz (1939) 

found similar results in a sample of 228 lumbar plexuses, where it was observed that 

the obturator nerve mostly arose from L3 and L4, with a small percentage originating 

from the L2 to L4 and the twelfth thoracic lumbar nerve root (T12) to the L5 root values. 

This was not observed in the current study. Table 1 compares the findings of the above 

studies to the current study. 
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Table 1: Prevalence of varied origins of the obturator nerve 

   Prevalence (%) 

Study Country n L2-L4 L3-L4 T12-L5  

Horwitz (1939) USA 228 10 77 13 

Anloague and Huijbregts (2009) USA 38 100 0 0 

Arora et al. (2014) India 60 33 65 2 

Current study (2015) South Africa 181 80 20 0 

 

The accessory obturator nerve is not commonly found in the lumbar plexus (Tubbs et 

al., 2005, Akkaya et al., 2008, Anloague and Huijbregts, 2009). Similar to a study by 

Tubbs et al. (2005) where no instance of an accessory nerve was found, the current 

study did not observe the presence of an accessory obturator nerve in the 181 sides. 

Several studies that have examined the presence of an accessory obturator nerve are 

summarised in table 2. 

 

Table 2: Prevalence of the accessory obturator nerve 

Study Country n Prevalence (%) 

Tubbs et al. (2005) USA 22 0 

Akkaya et al. (2008) Turkey 24 12.5 

Anloague and Huijbregts (2009) USA 38 8.8 

Current study (2015) South Africa 181 0 

 

5.1.2. Nerve roots and the psoas major muscle 

 

The roots of the obturator nerve have been documented to fuse within the psoas major 

muscle, descending within the muscle and emerging on its medial border at the level 

of the pelvic brim (Bradshaw et al., 1997, Kirchmair et al., 2008,                         

Anagnostopoulou et al., 2009, Shah et al., 2013). This description of the course of the 

roots of the obturator nerve was observed in this study, with the roots traversing the 

length of the psoas major muscle until it entered the true pelvis. It entered the true 

pelvis posterior to the convergence of the internal and external iliac veins, at the level 

of the sacroiliac joint. 

 

  



34 

 

5.1.3. Obturator neurovascular bundle 

 

Within the true pelvis, the obturator nerve lies against the lateral pelvic wall, 

accompanied by the obturator vessels. The neurovascular bundle runs together, from 

superior to inferior, as the obturator nerve, obturator artery and then the obturator vein. 

As they accompany each other, the neurovascular bundle enters the obturator canal 

of the obturator foramen. This correlates with findings by Won et al. (2015). After 

entering the medial compartment of the thigh, the orientation of the neurovascular 

bundle changes to; from medial to lateral; the obturator vein, obturator artery and then 

the obturator nerve. This was observed in a study by Kendir et al. (2008), where 22 

cadaver sides were investigated.  

 

Knowledge of these relationships will allow for the prevention of complications such 

as haemorrhaging of the obturator artery during surgery (Akata et al., 1999, Soong et 

al., 2007). In a study of pelvic neuropathies by Cardosi et al. (2002) of 23 patients that 

had undergone pelvic surgery, the incidence of obturator nerve damage was 39%        

(n = 9). Knowledge of the relationship of the obturator nerve to other structures within 

the pelvis could allow the incidence rates of complications to decrease. 

 

5.1.4. Bifurcation (termination) of the obturator nerve 

 

The obturator nerve terminates into the anterior and posterior branches of the 

obturator nerve around the area of the obturator canal. This bifurcation of the nerve is 

known to vary in its location in relation to the obturator canal. In a study by 

Anagnostopoulou et al. (2009), the authors investigated this phenomenon in 168 sides 

(84 cadavers). The results of this study, as well as the current study, are compared in 

table 3. 
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Table 3: Comparison of bifurcation location frequencies 

 

Country 

 Branching frequencies (%) around the 

obturator canal 

n Intrapelvic Within canal Extrapelvic 

Anagnostopoulou et al. 

(2009) 
Greece 168 25 23 52 

Current study (2015) South Africa 201 2 93 5 

 

No additional literature investigating the bifurcation patterns of the obturator nerve 

could be found. This lack of information echoes the previous statements on the need 

for further research of the anatomy of the obturator nerve. It can be seen in the table 

that the results between the two studies are very different. This might be as a result of 

the difference in the definition of each location of bifurcation of the obturator nerve into 

its anterior and posterior branches, specifically in the definition of extrapelvic and 

“within canal” bifurcation. Anagnostopoulou et al. (2009) defined extrapelvic 

bifurcation as a point after the obturator canal and then define “within canal” bifurcation 

as located within the obturator canal. The within canal definition was difficult to adhere 

to, as it gave little room for clear visualisation, as the obturator membrane that forms 

the obturator canal is a thin fibrous layer. The current study defined the locations 

differently, by using the obturator externus muscle as the boundary between within 

canal and extrapelvic. The definition allows consistency in the allocation of bifurcation 

location; as the obturator externus muscle is always present in the area. 

 

5.1.5. Anterior branch of the obturator nerve 

 

The anterior branch has both motor and sensory fibres. It appears deep to the 

pectineus muscle to continue between the adductor longus and brevis muscles, 

innervating them, as can be seen in figure 20. The nerve also innervates the gracilis 

muscle, medially, to the give sensory innervation to the medial side of the thigh. This 

description was observed in this study. These observations have been documented 

by other researchers as well (Anagnostopoulou et al., 2009, Sinha et al., 2009) 
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Figure 20: Anterior branch of the obturator nerve (arrow) as it appears deep to the 

pectineus muscle, to descend between adductor longus and brevis muscles (left leg) 

5.1.6. Posterior branch of the obturator nerve 

 

The posterior branch of the obturator nerve emerges through the obturator externus 

muscle to enter the medial compartment of the thigh, innervating the muscle 

(Bradshaw et al., 1997). In this study, there was variation with regard to the 

appearance of the posterior branch in relation to the obturator externus muscle. The 

nerve either pierced or appeared on the supero-lateral surface of the muscle. 

 

After branching from the obturator nerve, the posterior branch ran between the 

adductor brevis and adductor magnus muscles, only innervating the latter. This was 

observed in the current study. It was also observed that the posterior branch assisted 

the anterior branch in the innervation of the adductor brevis muscle in 11% (n = 21) of 

the sample (n = 195). This variation was observed at a higher frequency in a study by 

Anagnostopoulou et al. (2009), where the double innervation of the adductor brevis 

muscle was seen in 70% of the sample (n = 168). 
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The anatomy and variations are important to note, as blocking of the posterior branch 

of the obturator nerve, with a local anaesthetic solution, has been reported to assist in 

post-operative analgesia of patients that have undergone knee surgery; in combination 

with other blocks (McNamee et al., 2002). 

 

5.2.  Location of the obturator nerve within the obturator foramen 

 

Three (3) bony landmarks of the obturator foramen were identified as possible points 

that may be used to locate the obturator nerve during surgery. To the best of our 

knowledge, no published literature was found where these landmarks were used to 

locate the obturator nerve within the obturator foramen.  

 

The current study found that these bony landmarks are viable to use during surgical 

procedures where a pathway through the obturator foramen is required. The most 

medial and most inferior points of the obturator foramen are palpable during surgery 

are all palpable during SUI surgeries. Although the most superior point may not be 

used in procedures, it was important to use this landmark in order to provide a 

complete description of the obturator nerve within the obturator foramen. If used 

concurrently with the quantified location of the obturator nerve within the obturator 

foramen reported in this study, these landmarks may aid in pre-operative planning, as 

well as the success of intra- and post-operative procedures or care.  

 

The ability to palpate these landmarks intra-operatively will help surgeons to safely 

guide their instruments through the foramen without damaging the obturator nerve and 

its branches. This is opposed to the use of the midpoint of the ischiopubic pubic ramus 

used during TOT and TVT-O procedures for the treatment of SUI in males and 

females. Studies suggest that this landmark will guide surgeons in inserting the 

needles closer to the ischiopubic ramus within the obturator foramen (Whiteside and 

Walters, 2004, Hinoul et al., 2007). Use of the midpoint of the ischiopubic ramus is 

subjective, as this point is dependent on the surgeon performing the procedure. 

 

This study aimed to provide a clear location of the obturator nerve within the area using 

the selected landmarks, to assist in the possibility of using them as landmarks in 
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clinical and surgical procedures. Knowledge of the location of the obturator nerve 

within the obturator foramen may assist in the safe performance of surgical procedures 

performed in the area; such as in the treatment of SUI in males and females (Ulmsten 

et al., 1996, Juang et al., 2007, Gozzi et al., 2008, Bauer et al., 2010).  

 

Moore et al. (2013) describes the obturator foramen to be different in shape between 

males and females. The authors describe the shape of the obturator foramen as round 

in males and oval in females. Not much research has been done on the shape of the 

obturator foramen. In a study by Ridgeway et al. (2008), the shape of the obturator 

foramen between African American and European American females was 

investigated. The authors reported that there was a difference in the shape of the 

obturator foramen between the female groups. The study suggested that the 

differences were as a result of differences in stature and not race.  

 

In a study by Bierry et al. (2010), the authors investigated the difference in the shape 

of the obturator foramen between 52 males and 52 females using three-dimensional 

computed tomography The obturator foramen was described to be oval in males and 

triangular in females, concluding that there is sexual dimorphism in the shape of the 

foramen.  

 

The results of the current study yielded a significant difference on the influence of sex 

for the B-D measurement only (p < 0.0001), the distance between the obturator nerve 

and the most inferior point of the obturator nerve. The authors suggest that this may 

be as a result of sexual dimorphism as a result of the differences found on the shape 

of the obturator foramen. This finding supports the usage of different instruments in 

procedures for the treatment of SUI between males and females. 

 

5.3. Clinical applications 

 

5.2.1. Obturator nerve block 

 

Obturator nerve blocks are used in the performance of knee surgery, hip surgery and 

in gynaecologic and urologic procedures, such as transurethral resection procedures 
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(Gasparich et al., 1984, Vloka and Hadić, 1999, Kakinohana et al., 2002,          

McNamee et al., 2002). The blocks inhibit spasms of the adductor group and sensory 

innervation to the medial thigh. Kendir et al. (2008) emphasise the importance of clear 

knowledge of the anatomy of the obturator nerve and its branches in the success of 

obturator nerve blocks. The researchers report that knowledge of the relationship 

between the obturator nerve and its branches to surrounding structures will assist in 

the prevention of complications during obturator nerve block. 

 

This is highlighted by several studies that have reported that the nerve blocks may 

assist in post-operative analgesia in patients that have undergone knee surgery; in 

combination with other blocks (McNamee et al., 2002, Choquet et al., 2005, 

Simeoforidou et al., 2013). 

 

The interadductor approach to obturator nerve blocks has been suggested to be easier 

and have less complications than the traditional approach (Wassef, 1993,    

Kakinohana et al., 2002). The observations of the anatomy of the obturator area, with 

regard to the course of the obturator nerve between the muscles and its innervation 

and branching patterns, validate that the interadductor approach could be a better 

alternative. The obturator vessels were not observed to accompany the nerve as it 

coursed in the medial thigh. Instead, the pelvic branch of the obturator artery leaves 

the pelvis through the obturator canal to remain on the pelvic surface of the pubic bone 

(Moore et al., 2013). The adductor muscles were observed to be supplied by the 

femoral blood vessels. Inserting the needles posterior to the adductor longus muscle 

will assist in avoiding muscular and vascular injury, as the only identified structure 

coursing in the area was the anterior branch of the obturator nerve.  

 

Using this approach, clinicians may be able to anaesthetise the medial thigh by 

blocking the anterior branch of the obturator nerve in that plane. Further insertion of 

the needle would alternatively allow direct blocking of both the anterior and posterior 

branches of the obturator nerve. 

 

Caution should be taken when advancing the needles in an attempt to block the 

anterior and posterior branches simultaneously, as the bifurcation location of the 

obturator nerve is variable and incomplete anaesthesia might be experienced if these 
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variations are not taken into consideration. The current study found the obturator nerve 

bifurcating within the obturator canal in 93% of the observations. It is recommended 

that the needle be angled posteriorly as it nears the obturator canal. According to the 

results, the likelihood of successfully blocking both branches will then increase.  

 

5.2.2. Pelvic lymphadenectomy 

 

The anatomy of the lateral pelvic wall is important when performing a 

lymphadenectomy. Several studies have questioned whether the benefits of pelvic 

lymphadenectomy outweigh the complications associated with it                       

(Kawakami et al., 2006, Loeb et al., 2010). The authors reported that the obturator 

nerve is the most commonly injured nerve during lymphadenectomy procedures. It 

was suggested in the studies that the injury was either by resection or crushing of the 

obturator nerve. The close relationship of the obturator nerve to different vessels in 

the pelvis places it in danger during pelvic surgery (Cardosi et al., 2002). 

 

5.2.3. Transobturator procedures 

 

SUI is a condition whereby individuals have lost the ability to retain urine within the 

bladder when the intra-abdominal pressure is increased, e.g. during coughing or 

climbing stairs. The insertion of slings around the mid-urethra has assisted in the 

management of this condition. The performance of these procedures invade the area 

of the obturator foramen through the insertion of standardised helical needles through 

the foramen. The results of this study for the location of the obturator nerve within the 

obturator foramen will assist in the safe performance of these procedures, giving 

surgeons “coordinates” on the approximate location of the nerve in the foramen in a 

South African population group. Using palpable bony landmarks of the obturator 

foramen to determine the trajectory of the needles will allow for the safe performance 

of these procedures. 

 

In a study by Bierry et al. (2010), it was found that sexual dimorphism exists in the 

shape of the obturator foramen. The authors reported that the foramen was more oval 

in males and triangular in females.  
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Analysis of the results indicated that the obturator nerve was closest to the superior 

point of the obturator foramen, followed by the most medial point, with the most inferior 

point being the furthest away. This description offers a potential safe area of 

penetration of the needles between the most medial and most inferior points of the 

obturator foramen. Tshabalala et al. (2013) arrived at the same conclusion using the 

distances from the mid-urethral slings to the branches of the obturator nerve. The 

researchers found that passing the needles superior to the most medial point of the 

obturator foramen placed the mesh closer to the obturator nerve and its branches. In 

one case, it was reported that the mesh went through the obturator canal in a male 

specimen that received the TOT inside-out procedure.  
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Chapter 6 – Conclusion 

 

6.1. Obturator nerve anatomy 

 

This study served to assist in the clear description of the obturator nerve from its origin 

at the lumbar vertebra, its course in the abdomen and pelvis, until its termination in the 

medial compartment of the thigh. The results show that there are some noteworthy 

variations with regard to the course of the obturator nerve. These include the 

prevalence of variation of the root values of the obturator nerve in the lumbar area and 

the bifurcation of the obturator nerve into its terminal branches at the level of the 

obturator foramen. This included the variations of the innervation of the anterior and 

posterior branches of the obturator nerve in the medial compartment of the thigh. This 

information may be useful in the teaching of the anatomy of the obturator nerve in 

medical schools. These variations have not been widely studied, especially in a     

South African context, and the results of this study could provide surgeons and 

clinicians with a better understanding of the anatomy of this region.  

 

6.2. Location of the obturator nerve within the obturator foramen 

 

The study validates the need to use different methods in the treatment of SUI for males 

and females. Procedures for the treatment of SUI, for both males and females, 

performed in the vicinity of the most medial and most inferior points of the obturator 

foramen will contribute to the success of surgical procedures requiring a pathway 

through the obturator foramen. The measurements may, also, assist in the description 

of the position of the obturator nerve of the obturator foramen in a South African 

population.  

 

6.3. Clinical applications of results 

 

The description of the anatomy of the obturator nerve and the quantification of its 

location in the obturator foramen will assist surgeons in performing safe procedures in 

the vicinity of the obturator foramen. This is especially true within a South African 
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clinical setting. Accurate knowledge of the anatomy and any possible variations that 

may occur is imperative for clinicians and surgeons. 

 

The understanding of the innervation patterns of the anterior and posterior branches 

of the obturator nerve in the medial thigh will benefit anaesthesiologists to successfully 

perform obturator nerve blocks. The results reported in this study on the anatomy of 

the obturator nerve and its branches will help guide clinicians during pre-operative 

preparation and decrease the possibility of complications. Clinicians should familiarise 

themselves with the prevalence of variations of the innervation patterns of the anterior 

and posterior branches to rule out the possibility of incomplete anaesthesia. 

 

To avoid damage to the obturator nerve in procedures that pass through the obturator 

foramen, the most medial and most inferior points of the obturator foramen are the 

safest points to use. These being the furthest points from the nerve. Using the area 

between the most medial and most inferior points is most ideal.  

 

The results should be verified in a clinical setting to validate their practical use, possibly 

allowing refinement of procedural guidelines. 
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