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Abstract

Obijectives: Accurate nerve block is important for the success of local anesthesia-assisted surgery. Failure to consider the anatom-
ical variations of the targeted nerve anatomy can lead to failure of anesthetic interventions. Given the distinct nature of the obtu-
rator nerve, blocking the nerve during clinical procedures is one such problematic situation. The aim of this article is to revisit the
anatomy of the obturator nerve in adult cadavers and fetuses in order to discuss in detail its relationship with the obturator nerve
block from an anatomical perspective.

Methods: Obturator nerve and its branches were exposed at the posterior wall of the abdomen, lateral wall of the lesser pelvis
and anterior aspect of the thigh region in 47 fetuses and 10 adult cadavers. Then, various anatomical variations and morphometry
of the obturator nerve were evaluated and measured in detail.

Results: In adult cadavers, the anterior and posterior branches branched 40% in the obturator canal and 60% in the extra-pelvic
region, with no branching in the pelvis. In fetuses, the obturator nerve divided into its main branches 8.5% in the pelvis, 33%
in the canal and 58.5% distal to the canal. Regarding the muscular branching of the obturator nerve, all adult cadavers showed
three fully traceable branches from the anterior and a single branch from the posterior branch.

Conclusion: Our findings regarding the variable branching pattern of the obturator nerve anatomy from the nerve block per-
spective may help anesthesiologists to improve the success of obturator nerve block by incorporating results from the cur-

rent and limited number of anatomical data sets.

Introduction

The obturator nerve (ON) generally originates from the
ventral rami of L2-L4 spinal nerves and emerges on the
medial side of the psoas major muscle, then descends at
the medial side of this muscle. After running at the later-
al wall of the lesser pelvis, it passes through the obtura-
tor canal (OC) and reaches to the medial side of the
thigh region.!"’ Upon passing through the OC, it bifur-
cates into an anterior branch (AB) and a posterior branch
(PB) to innervate adductor muscles, hip and knee
joints. 3!

There are many studies in the literature suggesting
that branching of the ON can exhibit variability”* and
have distinct variations from the originally described
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anatomy.!"! Primarily, there are three known AB/PB bifur-
cation pattern in terms of its location: 1) in the pelvic
region proximal to the OC; 2) inside the OC; 3) after leav-
ing the OC (extra-pelvic).”” This branching variability
can become crucial for a successful ONB during many
clinical applications such as hip and knee amputations,
preventing the obturator reflex during transurethral blad-
der tumor resections,*” relieving the thigh adductor
spasms in patients suffering from multiple sclerosis, para-
plegia or cerebral palsy and treatment of chronic hip
pain.""" Tt is also important to know the variations of the
femoral and lateral cutaneous femoral nerves in order to
provide a complete anesthesia in this region. femoral and

lateral cutaneous femoral nerves.!'*'?
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Since successful blockade of this nerve is crucial for
the mentioned clinical procedures, efforts to develop
selective ONB have been ongoing for almost a century.
From a historical perspective, the first selective ONB
trial dates back to the 1920s.”! Either recognized as
Labat’s or Pubic approach, this classical procedure was
designed to target ONB based on anatomical landmarks
and applied 1.5 cm lateral and caudal to the pubic tuber-
2314 Long after, in 1973, namely as 3-in-1, a newer
concept, targeting the simultaneous blockage of multiple
nerves (ON, FN and lateral cutaneous nerve) was
described by Winnie et al.”! However, it is not surpris-
ing that strong arguments against this approach have
accumulated, because with this technique, inadequate or
weak nerve blocking was seen as well as unexpected
results."® Almost two decades after 3-in-1 technique
appeared, technological progresses brought nerve stimu-
lated assisted inter-adductor approach into the arena as
described by Wassef.!'"”! Then, relatively recently, in
2005, Choquet et al."¥ described a nerve stimulation-
assisted blockade procedure, termed the "inguinal
approach", also based on standard anatomical landmarks,
applied through the midpoint of the inguinal fold
between the femoral artery and the adductor longus
muscle tendon. Compared to its older alternative the
“pubic approach”, the “inguinal approach” provides a
significantly more effective blockade, given better
patient comfort and higher blockade efficacy.!">'! Rapid
advances in medical technology have created even newer
approaches for anesthesiologists. A few years after the
Choquet approach, ultrasound-guided fascia iliaca block
with selective ONB, a new generation method using
ultrasound technology, was introduced.?” Although
efforts towards better ONB performance are still evi-
dent, in this study we wanted to focus on the relation of
ON anatomy to ONB procedures. Therefore, the aim of
this study is to revisit the anatomy of the obturator nerve
in adult cadavers and fetuses in order to discuss in detail
its relationship with the ONB from an anatomical per-
spective.

cle.

Materials and Methods

"This study was conducted on 94 sides of 47 fetuses (mean
gestational week: 22.85+3.35) and 20 sides of 10 formalin-
fixed male cadavers (mean age 80£18.022) without any
external pathology or anomaly. The cadavers were avail-
able in the inventory of Anatomy Department of Mersin
University, Faculty of Medicine. The fetus and adult
cadavers were preserved with 10% formalin solution. All
the dissections were performed in the supine position

under a surgical microscope (Carl Zeiss f170 surgical
microscope, Oberkochen, Germany) and photographed
with a digital camera. Additionally, morphometric dis-
tances were measured by using a digital caliper with =
0.01 mm precision. All measurements were repeated
three times independently by two researchers (TK and
OB). Mean-standard deviation was used for descriptive
statistics of all parameters used.

The posterior abdominal wall and pelvic regions
were dissected in order to identify the roots of the ON,
the 3-4th lumbar vertebrae and psoas major muscle
(PM). The ON coursing with the obturator artery and
vein on the lateral pelvic wall was followed proximally
and blunt dissection was performed in this region. The
initial parts of the PM were carefully dissected to identi-
fy the roots of this nerve, which runs medial to the PM.

In order to visualize the passage of the ON from the
pelvis to the thigh, the entrance and exit of the OC was
exposed by shaving the superior pubic ramus (SPR).
Dissection was then continued on the anterior aspect of

the thigh.

Anterior superior iliac spine (ASIS), inguinale liga-
ment (IL), pubic tubercle (PT), femoral vein (FV),
femoral artery (FA), femoral nerve (FN), SPR, branches
of ON and adductor muscles are chosen as anatomical
landmarks. The inguinal ligament was exposed by blunt
dissection from proximal to distal through the anterior
abdominal wall in the supine position. The great saphe-
nous vein running under the skin was identified and hia-
tus saphenous was exposed. The femoral sheath sur-
rounding the FV and FA was carefully dissected and the
vascular lacuna was identified. The muscular lacuna on
the lateral side was also carefully opened and the iliop-
soas muscle and the FN were exposed. In order not to
disrupt the position of the structures, only the fascial
sheaths adherent to the anterior side of the structures
were opened. Then, after removal of the skin and subcu-
taneous tissues of the anterior and inner thigh, the sarto-
rius, pectineus and adductor longus muscles were dis-
sected free from the anterior fascia and a transverse inci-
sion line was created to expose the adductor brevis and
external obturator muscles at a deeper level. The ON
and its AB was identified in the connective tissue sur-
rounding the adductor brevis muscle. After cutting and
removing the adductor brevis muscle anterolaterally, the
course of the PB of the ON was revealed. Both branch-
es of the ON were followed cranially and caudally.

Thereafter, to provide a descriptive and convenient
map of the anatomical relations given above, a sum of
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Figure 1. Schematic drawing of the anterior view of the femoral triangle showing (a) the measurements of the parameters related with obturator
nerve and (b) description of its location and branching points. a—h: measurements of distances. AB: anterior branch of the obturator nerve; AbB:
adductor brevis branch; AbM: adductor brevis muscle; AlB: adductor longus branch; AIM: adductor longus muscle; ASIS: anterior superior iliac spine;
FA: femoral artery; FN: femoral nerve; FV: femoral vein; GB: gracilis branch; IL: inguinal ligament; ON: obturator nerve; PB: posterior branch of the
obturator nerve; PT: pubic tubercle; SPR: superior pubic ramus; SM: sartorius muscle. Green line: The line passing through the lower edge of the
SPR. Purple line: line extending between the lateral edge of PT and the medial edge of ASIS, passing through the lower edge of the IL. Red circle
exhibits the branching point of the AB and PB on the vertical line. Yellow circle exhibits location of the obturator nerve on the oblique line.

eight distance parameters between the neuro-vascular
structures and certain landmarks (Figure 1). The loca-
tions of the ON, FV, FA and FN along the lower edge
of the IL were recorded. For this purpose, measurements
were made by considering the vertical and oblique lines.
Oblique line was extending between the lateral edge of
PT and the medial edge of the ASIS. Vertical line was
passing through the medial edges of the neurovascular
structures. The projections of the structures on the
oblique line were recorded, considering the 90-degree
angle between both lines as (Figure 1):

(a) Distance between the PT-FN; (b) Distance
between the PT-FA; (c) Distance between the PT-FV;
(d) Distance between the PT-ON.

In order to define the exit points of the branches of
the ON, the vertical line passing through the intersec-
tion of the lower edge of the SPR and the medial edge of
the ON was taken as landmark. The distance of each
branch separated along this line was recorded as:

(e) Distance between the ASIS-PT; (f) Distance between
the SPR and AB/PB diverging point; (g) Distance between
the SPR and AB/branch to adductor brevis muscle (AbB)
diverging point; (h) Distance between the SPR and AB/
branch to gracilis muscle (GB) diverging point.
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Following parameters were measured via digital
caliper in adult cadavers. Respective data was presented
based on descriptive statistics. Lastly, foot lengths of
fetuses were measured to estimate the gestational ages
(in weeks/months) of the fetuses (Table 1).

Results

In all cases in the study, both in fetuses and adult cadav-
ers, ON originated from the L2-L4 spinal nerves and
emerged on the medial side of the psoas major muscle. In
fetuses, 8.5% (8/94) of the AB and PB branched from
ON in the pelvic region (Figures 2a and 3a), 33% (33/94
cases) in the OC (Figures 2b and 3b) and 58.5% (53/94
cases) in the extra-pelvic region (Figures 2c¢ and 3c).

On the other hand, in adult cadavers, the OB
branched into the AB and PB in its own canal in 40%
(8720) of the specimens (Figures 2d and 4a), whereas in
the remainder (60%, 12/20) it branched after leaving the
canal (Figures 2e and 4b). When the ON branching was
examined on the lateral wall of the pelvic region, a
branch to the hip joint was found proximal to the OC
entrance in 35% (7/20) of adult cadavers (Figures 5a, ¢
and d), whereas in the remaining cases this branch
diverged from the AB (65-13/20%) (Figures 5b and e).
On the other hand, distance of ON to PT was 26.61+
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Table 1
Demographic data belonging to fetuses.

Gestational age Number of cases
Months Weeks Foot length (mm) Number of sides Male Female
Y 18 25.55+0.70 6 2 1
19 27.98+0.76 8 2 2
20 30.72+0.99 14 6
WY 21 32.80+0.65 10 2 3
22 34.50+1.06 12 5 1
23 38.44+1.09 10 2 3
24 40.71+1.03 8 3 1
Vil 25 41.34+1.11 4 2 0
26 45.56+0.89 6 1 2
27 48.23+1.36 6 2 1
28 52.14+0.90 2 1 0
Vil 29 53.30+0.15 2 1 0
30 54.48+0.83 6 0 3
Total 22.85+3.35 37.48+8.32 94 24 23
a b 4
Left Right Left Right Left
ON
ASIS 0C
~ T
AB PB
AbB
Fetuses AlB
8
2 sides 6 sides 17 sides 14 sides 26 sides 27 sides
Total= 8 sides (8.5%) in intrapelvic region Total= 31 sides (33%) inside the OC Total= 53 sides (58.5%) in extrapelvic region
d e
Left Right Left
ON
ASlS_ oc
----- PT PT..-
PB PB
Adult Cadavers AR
AbB AbB
AlB AIB
s GB
S sides 3 sides S sides 7 sides
Total= 8 sides (40%) inside the OC Total= 12 sides (60%) in extrapelvic region

Figure 2. Schematic drawings of the branching pattern of the obturator nerve in fetuses (a—c) and in adult cadavers (d—e). AB: anterior branch of
the obturator nerve; AbB: adductor brevis branch; AlB: adductor longus branch; ASIS: anterior superior iliac spine; GB: gracilis branch; OC: obtura-
tor channel; ON: obturator nerve; PB: posterior branch of the obturator nerve; PT: pubic tubercle.
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Figure 3. Anterior view of the pelvic and thigh regions showing bifurcation pattern of the obturator nerve in fetuses: (a) intrapelvic; (b) inside the
obturator canal; (c) extrapelvic. AB: anterior branch of the obturator nerve; AIM: adductor longus muscle; GAV: artery and vein of gracilis muscle;
GN: gracilis branch; GM: gracilis muscle; L4: 4th lumbar vertebra; L5: 5th lumbar vertebra; ON: obturator nerve; PB: posterior branch of the obtu-
rator nerve; PM: psoas major muscle; QFM: Quadriceps muscle; SM: sartorius muscle; SN: saphenous nerve, SPR: superior pubic ramus. Red dashed
lines illustrate the obturator channel fold.

Figure 4. Anterior
view of the pelvic
and thigh regions

showing bifurcation
pattern of the obtu-
rator nerve in

adult cadavers:

(@) intrapelvic;

(b) extrapelvic.

AB: anterior branch
of the obturator
nerve; AbM: adduc-
tor brevis muscle,
AIM: adductor
longus muscle;
ASIS: anterior supe-
rior iliac spine; FA:
femoral artery, FN:
femoral nerve;

FV: femoral vein;
GSV: great saphe-
nous vein, IM: iliop-
soas muscle;

ON: obturator
nerve; PB: posterior
branch of the obtu-
rator nerve;

PT: pubic tubercle;

SM: sartorius mus-
cle; SPR: superior
pubic ramus.

Medial
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Figure 5. Hip branching patterns of the obturator nerve (a—e). (@) Superior view of pelvic region; (b) anterior view of the thigh. AB: anterior branch
of the obturator nerve; AbB: adductor brevis branch; AbM: adductor brevis muscle, AIB: adductor longus branch; AIM: adductor longus muscle;
ASIS: anterior superior iliac spine; FA: femoral artery; FN: femoral nerve; FV: femoral vein; GB: gracilis branch; HB: hip branch; IM: iliopsoas muscle,
OC: obturator canal; PB: posterior branch of the obturator nerve; PT: pubic tubercle; SM: sartorius muscle; SPR: superior pubic ramus.

3.94 mm (Figure 6 and Table 2). The mean distance these findings, in one of the fetuses, unilateral accessory
from SPR to the AB and PB diverging point was obturator nerve (AON) was passing superior to the SPR
12.48+2.27 mm (Figure 6 and Table 2). In addition to  and connected with AB (Figure 6).

Figure 6. Anterior view of the pelvic and thigh regions of a fetus showing communication between obturator nerve and accessory obturator nerve. AB:
Anterior branch of the obturator nerve; AIM: adductor longus muscle; AON: accessory obturator nerve; GM: gracilis muscle; GN: gracilis nerve; ON: obtu-
rator nerve; PB: posterior branch of the ON; PM: psoas major muscle; QFM: quadriceps muscle; SM: sartorius muscle; SN: saphenous nerve; SPR: superi-
or pubic ramus. Black arrow indicates the connection between saphenous and obturator nerves; red dashed lines illustrate the obturator channel fold.
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Discussion

The origin of ON can be quite diverse. For example,
whilst ON often arise from the L2-14 level,?'*¥ it can
emergence from L3-L4"%"** or even T12-L5"* levels.
In this context, our findings seem to be consistent with
the anatomical origin reported by Anloague et al.¥! On
the other hand, revisiting its branching pattern (where
the AB/PB diverges from the ON; sub-branches of the
AB and PB; branching origin and pattern of nerves to the
hip joint and muscles) is necessary to discuss its funda-
mental relevance to anesthetic interventions.

From an anesthesia perspective, a successful ONB
can be defined as achieving the desired level of anesthe-
sia on the relevant anatomical structures (e.g. hip joint
capsule, medial side of the thigh, adductor group mus-
cles, etc.) and completing the procedure in the least
amount of time, with the least amount of puncture and
the least amount of anesthetic substance volume while
achieving maximum patient comfort with no or minimal
complications. For this purpose, of course, the success of
the procedure may vary depending on the target anatom-
ical structure to be anesthetized. For example, to secure
blockade of the hip articular branches, the chosen block-
ade approach should act on the most favorable proximal
levels to guarantee blockade of the main ON closer to
the AB and/or PB. Otherwise, the success of the anes-
thetic intervention may be insufficient or even fail due to
possible variations, for example, hip joint branching.
Since the list of anatomical structures innervated by the
ON is long and it travels over a wide anatomical territo-

Table 2
Position and location of neurovascular structures according to
oblique and vertical lines.

Parameters Meanz=SD (mm)
Distance between ASIS-PT 118.92+8.43
Distance between PT-ON 26.61+£3.94
Distance between PT-FV 38.66+4.18
Distance between PT-FA 49.13+4.48
Distance between PT-FN 64.33+5.16
Distance between SPR-AB/PB diverging point 12.48+8.27
Distance between SPR-ADbB diverging point 24.65+8.77
Distance between SPR-GB diverging point 33.77+14.13

ASIS: anterior superior iliac spine; AB: anterior branch; AbB: adductor brevis
branch; FA: femoral artery; FN: femoral nerve; FV: femoral vein; GB: gracilis
branch; PB: posterior branch; PT: pubic tubercle; SPR: superior pubic ramus.

ry, successful access to selected structures can be prob-
lematic even with currently used anesthetic techniques
(e.g. inguinal and pubic approach) (Table 3).

While efforts to improve methods for better ONB
seem to be ongoing, these improvements will be aided by
a focus on detailed anatomy, particularly the variations
that can be seen in the branching and course of the
nerve. The results of different anatomical studies on the
main divergence point of the common ON are impor-
tant in this regard. Any kind of ON branching within the
pelvic region may result in inadequate anesthesia in clin-
ical practice. Previous studies on adult cadavers and
fetuses have shown that the ON branching point can be

Anesthetic approach

Table 3
Success rate based on the anesthetic approach.

Targeted nerves and branches Success rate (%)

Applied surgeries

Reference

3in 1

16%

50%

52% for sensorial
branches

Sensorial branches of femoral and
lateral cutaneous femoral nerves

Atanassoff et al.[2%)

Wallace et al.%

Above-below knee amputation,

various knee surgeries

Sensorial and motor branches of 32% for motor branches

obturator nerve

Capdevilla et al.B"

Labat’s classic Common ON 84% Joetall?
84% Moningi et al.”!
78% Macalou et al.'
741% Aghamohammadi et al.[®!
Inguinal Common ON or separately anterior and 97.2% Transuresturlrga;r;esecnon Thallaj et al.l®!
posterior branches 80% Anagnostopoulou et al.?!
96.1% Joetal?!
98% Moningi et al.”!
97.1% Aghamohammadi et al.[®!
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Table 4
Bifurcation pattern of the obturator nerve (sides and %).

Branching pattern of the obturator nerve (sides and %)

Study Specimens N (sides) Intrapelvic Inside the channel Extrapelvic
Anagnostopoulou et al.l?! Adult cadavers 168 39 (23.22%) 87 (51.78%) 42 (25%)
Tshabalala'! Adult cadavers 201 4(2%) 187 (93%) 10(5%)
Current study Adult cadavers 20 0 (0%) 8 (40%) 12 (60%)
Fetuses 94 8 (8.5%) 31(33%) 55 (58.5%)
Total: 114 8 (7%) 39 (34%) 67 (59%)

located in the pelvic region, and this branching pattern
may exhibit a wide range of prevalence (0-23%) (Table
4). Although the studies of Anagnostopoulou et al.?! and
Tshabalala™ included impressive numbers of adult
cadavers being 168 and 201, respectively, the bifurcation
pattern of ON within the pelvis was distributed quite dif-
ferently between the studies (23%-39/168 vs. 2%-—
4/201) (Table 4). Furthermore, based on our observa-
tions in adult cadavers, no ON bifurcation is found in the
pelvic region (0/20), whereas in fetuses (24-26 weeks)
8.5% (8/94) of nerve bifurcations occur in the intrapelvic
region (Table 4). Considering that peripheral nerve
development is no longer progressing at this fetal age,
this 8.5% intrapelvic occurrence can probably be includ-
ed in the adult rate. To our knowledge, our study is the
first in the literature to illustrate the fetal anatomy of the
ON. These three separate data set clearly show that the
division of the ON into anterior and posterior branches
can vary greatly.

All these data indicate that the variations of the ON
bifurcation should be well known. An example of such an
anatomical-anesthetic relationship is given in the study
by Yoshida et al.** in which they aimed to perform obtu-
rator nerve blockade at the proximal level. These
researchers clearly observed that with a single injection
of blue dye into the thick fascia between the pectineus
and obturator externus muscles of a cadaver, the dye
traveled retrograde along the obturator canal. With this
method, the AB and PB were stained both proximal and
distal to the canal.?” They called this procedure the US-
guided pubic approach and also achieved 100% success
using this approach in twenty patients undergoing
transurethral bladder tumor resection.?” However, this
procedure was only tested in transurethral bladder tumor
resection. Therefore, further studies are needed to
examine whether this method is reproducible for other
indications, such as blocking the hip joint branches for

the treatment of hip pain. In this sense, new anatomical
studies with dye injection trials may be useful to test the
efficacy of different ONB techniques (e.g. different land-
marks and needle position, etc.).

The second important issue in ON anatomy is the
origin and number of hip joint branches. Variations in
hip branches may complicate nerve blockade to provide
hip anesthesia. Therefore, knowledge of variations in hip
joint branching can be crucial for anesthesiologists.
Although we have not observed any cadavers with more
than one hip joint branch, Anagnostopoulou et al.”
encountered up to three branches. The prevalence of
articular branches emerging from the main ON in the
presence of a single articular branch was reported to be
35% and 47% in two studies, including ours (Table 5).
Interestingly, when the number of articular branches is
more than single, the origin of the branch is also multi-
ply distributed, e.g. this branch can diverge from ON
and PB or AB and PB as shown by Anagnostopoulou et
al.’! However, what is even more interesting is that the
bifurcation of AB and PB has a highly variative state dis-
cussed in the paragraph above. For example, if the bifur-
cation of ON occurs in the pelvic region, the question of
how the variability of hip branching occurs is unknown.
Therefore, the co-occurrence of two variable factors (the
site where the bifurcation of the ON and the hip branch
from the ON and the AB/PB arise) may create even
greater variability, which is clearly undesirable for anes-
thesiologists aiming at blocking the hip branches.

Regarding the use of ONB when targeting blockade
of sensory innervation in the hip joint capsule (hip
surgery, pain management), no matter how wide the
anatomical variability, the chosen ONB method should
have the ability to affect these dual-source hip joint
branches, especially the main ON and PB at more prox-
imal levels. Furthermore, while it remains unclear
whether ONB alone can relieve acute postoperative

Anatomy e Volume 17 / Issue 1/ April 2023
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Table 5
Distribution of hip articular branch of the obturator nerve.

Study Specimens N (sides) Number and origin of hip articular branchese
Anagnostopoulou et al.l®! Adult cadavers 168 Single branch 2 branches 3 branches
Total: 104 sides (61.9%) Total: 34 sides (20.24%) Total: 30 sides (17.86%)
ON (80 sides) (76.92%) ON (16 sides) (47.05%) ON (16 sides (53.34%)
AB (20 sides) (19.24%) PB (14 sides) (41.17%) Both ON and PB (8 sides) (26.66%)
PB (4 sides) (3.84%) Both ON and PB (4 sides) (11.76%)  Both AB and PB (6 sides) (20%)
Current study Adult cadavers 20 Single branch X X

20 sides (100%)

ON (7 sides (35%)
AB (13 sides) (65%)

pain, lateral femoral cutaneous nerve blockade in combi-
nation with ONB has been suggested to be beneficial.””!
However, it is clear that ONB is a vital component for
indications related to the hip joint. Although ONB inter-
ventions have not been performed for indication of hip
joint anesthesia, Taha et al.*” demonstrated 100% suc-
cessful blockade of both the AB and PB in all patients
through a single application of local anesthetic to the
interfacial plane between the pectineus and obturator
externus muscles, combined with an ultrasound-guided
proximal approach. Based on the high blockade rates of
the AB and PB from Taha’s®” findings, it can be con-
cluded that the proximal approach is also useful when
blocking sensation in the hip joint capsule.

Since the occurrence of sudden thigh reflex during
tumor resection in bladder is high and constituting com-
plications,'” desired level of temporary relief of adduc-
tor reflex via ONB is another important matter. In this
regard, origin and the number of the muscular ramifica-
tion of ON also bear importance to the selected ONB
approach. Limited to just a few studies, a highly diverse
state of the muscular ramification of ON was evident
(Table 6). In our study, both cadaveric (20) and fetal
sides (94) showed that in each side, AB gives triple mus-
cular branches, while PB gave only single muscular
branch. When tracing the course for respective innerva-
tion targets, those triplets arising from AB were reaching
to adductor longus, brevis and gracilis muscles as well as
the only muscular branch from PB was reaching to
adductor magnus muscle in all the cases (Table 6).
Commonly observed in three of the studies, when AB
shows triple motif, they reached adductor longus, brevis
and gracilis muscles (66.7-100%) (Table 6). PB motif
was also evident. One distinct feature of our PB data was
that it was giving single muscular branch (adductor mag-
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nus muscle), whereas in other two studies, PB was sourc-
ing multiple muscular branches (to adductor brevis,
longus and external obturator muscles) (Table 6).

Since the occurrence of sudden thigh reflex is high
and can be a complication during tumor resection in the
bladder,"” temporary relief of the adductor reflex at the
desired level via ONB is another important issue. In this
context, the origin and number of muscle branching of
the ON is also important for the chosen ONB approach.
Limited to only a few studies, it has been observed that
the muscle branching of the ON shows considerable
variation (Table 6). In our study, in both adult cadavers
and fetal cadavers, it was shown that the AB gave three
muscle branches on both sides, whereas the PB gave only
one muscle branch. When the muscles to which these
muscle branches went were examined, it was observed
that the three branches from the AB reached the adduc-
tor longus, brevis and gracilis muscles, while the single
muscle branch from the PB reached the adductor mag-
nus muscle in all cases (Table 6). Commonly, in three of
the studies, when the AB gave three muscle branches,
these branches reached the adductor longus, brevis and
gracilis muscles (66.7-100%) (Table 6). PB branching
pattern was also evident. A distinctive feature of our PB
data was that it gave a single muscle branch (adductor
magnus muscle), whereas in the other two studies, PB
gave multiple muscle branches (adductor brevis, longus
and external obturator muscles) (Table 6).

After Taha et al.”” showed promising results on the
use of US-guided proximal approach to block the adduc-
tor muscle, different strategies for US-guided fascia iliac
approach have been described and tested. The first
group of studies suggested that the proximal approach
was superior to the distal approach.'?! Thus, the distal
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Table 6
Distribution of muscular branching of the obturator nerve.

Study Specimens N (sides) Number of muscular branches from AB Number of muscular branches from PB
Anagnostopoulou et al.?! Adult cadavers 168 2 branches: Adductor longus and gracilis Single branch: Adductor magnus
48 sides (28.57 %) 23 sides (13.69%)
3 branches: Adductor longus, brevis and 2 branches: Adductor magnus and brevis
gracilis 112 sides (66.66%) 101 sides (60.11%)
4 branches: Adductor longus, brevis, gracilis 3 branches: Adductor magnus, brevis and
and external obturator 8 sides (4.76%) external obturator 31 sides (19.04%)
4 branches: Adductor magnus, brevis, longus
and external obturator 12 sides (7.14%)
Tshabalalal®! Adult cadavers 195 3 branches: Adductor longus, brevis and 2 branches: Adductor magnus an
gracilis 195 sides (99%) external obturator 184 sides (89%)
3 branches: Adductor magnus, brevis and
external obturator 10 sides (11%)
Current study Adult cadavers & 20 3 branches: Adductor longus, brevis and Single branch: Adductor magnus
fetuses 94 gracilis 114 sides (100%) 114 sides (100%)

approach is relatively less suitable for blockade of the PB
compared to the proximal approach. A comprehensive
discussion on the comparison of distal and proximal
approaches has been included in other studies.!"
Anatomical studies indicate that the AB innervates the
adductor longus, brevis and gracilis muscles. Therefore,
significant adductor muscle anesthesia is possible, even
in the case of AB blockade alone. Accordingly, findings
from clinical studies have shown that complete adductor
blockade does not always occur; moreover, partial block-
ade is sometimes sufficient. For example, Han et al.!"’
found that US-guided proximal and distal approaches
did not significantly differ in the clinical efficacy of ONB
in patients undergoing transurethral bladder tumor
resection, but low-grade adductor muscle spasm was still
evident. Interestingly, efforts to combine two different
methods can also be effective. For example, in 2016,
Yoshida et al.”¥ demonstrated a successful ONB with
US-guided pubic approach in twenty patients undergo-
ing transurethral bladder tumor resection. Incidentally,
using the newest approaches does not always mean that
the older ones are less successful. Parallel to the exciting
developments in the proximal approach or others, for
example Choquet’s inguinal approach is still considered
a cutting edge procedure even in 2019."" A major limi-
tation of comparing different approaches is that different
approaches cannot be tested on the same patient.

Akkaya et al.” defined a triangle for the ONB sur-
rounded by the SPR, pectineus and external obturator
muscles in a study performed through the inguinal
approach. In our study, a similar anatomical triangle was

observed with the SPR at the top, adductor longus muscle
at the medial border and FV at the lateral border (Figures
1 and 6). In addition to variations in the branching pattern
of the ON,#~! it has been reported that the presence of
AON and possible anastomoses with the ON can be
observed.””** Akkaya et al.” interpreted the occurrence
of such variations in terms of nerve blockade as AON
blockade added to the ONB may increase clinical efficien-
cy and quality of application.

Conclusion

Although there is a strong visual guidance provided by
US-guided procedures, more anatomical landmarks
could serve to facilitate existing approaches as well as to
establish new ones. In this sense, we currently present a
detailed morphometric map composed of distances
between specific anatomical landmarks. In addition to
those in other studies on ON anatomy, the differential
branching patterns of the ON in the pelvic region pre-
sented in this article should be considered under a single
roof to avoid possible anesthesia errors and increase the
success rate of the clinical procedures involved. Finally,
we believe that scientific collaborations of anesthesiolo-
gists with anatomists have a great potential to improve
the fundamentals of anesthesiology.

Limitations

The first limitation of the study was that we did not have
adult female cadavers suitable for dissection in our
inventory and therefore could not discuss the differences
between the sexes. However, we were able to perform
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evaluations for both sexes in fetuses. The second limita-
tion is that we were not able to identify the branches to
the hip joint in pelvic or thigh dissections due to the dif-
ficulty of dissection in fetuses. Another limitation is that
the measurements obtained from fixed cadavers could
not be scanned on patients with ultrasound support. This
situation can be supported by new studies in the future.
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