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A B S T R A C T

Background: Recurrent laryngeal nerve (RLN) injuries account for most successful litigations against surgeons 
following head and neck surgery. Most injuries to the RLN occur during thyroidectomy with the best strategy to 
reduce injury to the RLN being through intraoperative monitoring of its normal anatomy, extra-laryngeal tra
jectory and topography. Identification of the RLN during thyroidectomy is possible at the tracheoesophageal 
groove (TEG), where it crosses the inferior thyroid artery (ITA) and or pierces the suspensory ligament of the 
thyroid gland (ligament of Berry). The extra-laryngeal course and branching patterns of the RLN are highly 
variable, increasing the likelihood of iatrogenic injury.
Materials and methods: The current study investigated the extra-laryngeal course, branching patterns and topo
graphical relationships of the RLN in the TEG in adult cadavers and patients who underwent thyroidectomy. The 
study examined 30 thyroidectomy patients and 50 adult cadavers.
Results: The mean diameters of the RLN were 1.74 ± 0.59 mm and 1.63 ± 0.47 mm on the left and right sides, 
respectively, with no statistically significant difference between the genders and sides (P ≥ 0.05). The majority of 
the RLNs on the left side coursed in the first 0–15⁰ relative to the TEG while on the right side the majority 
deviated from the TEG at an angle ranging between 0 and 30⁰. The distribution of the RLN in relation to the 
inferior thyroid artery in the cadaveric sample was as follows: 29.6 % posterior to the artery, 33.7 % anterior to 
the artery and 36.7 % in-between its branches with statistically significant differences between genders (P ≤
0.05). The majority of the RLN exhibited two or more branches on both sides, with a maximum of four branches 
being observed. In the surgical cohort, majority of the RLN ran posterior to the ITA followed by the anterior 
course and least in-between the branches of the ITA.
Conclusions: The present findings augment the vital information about the course, topography and branching 
patterns of the RLN along the TEG by outlining differences between the a cadaveric and a surgical sample as well 
as between two major South African population groups in order to minimise the iatrogenic injuries to the RLN 
and also to improve the diagnoses and management of the disorders of the neck, larynx and voice production.

1. Introduction

The recurrent laryngeal nerve (RLN) is a branch of the vagus nerve in 
the neck that follows an asymmetrical path on the left and right sides 
and provides motor innervation to the majority of the intrinsic muscles 

of the larynx as well as sensory innervation to the laryngeal mucosa 
below the vocal folds. The nerve facilitates the laryngeal reflex that acts 
as a sphincter to prevent solids from entering the lower respiratory tract 
and is also involved in phonation [1–4]. Injury to the RLN is a dreaded 
complication of head and neck surgery and it affects up to 11 % of 
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patients following thyroidectomy and represents the majority of 
malpractice litigations against surgeons [5–13]. Despite the abundance 
of research describing the anatomy of the RLN [1–4] and the advent of 
intraoperative nerve monitoring [10,14], the rates of its iatrogenic in
juries remain significantly high. Approximately 71 % of RLN intra
operative injuries occur between the inferior thyroid artery crossing 
point and the entrance into the larynx [15]. Intraoperative identifica
tion, exposure and tracing of the RLN throughout its extra-laryngeal 
course is a recommended procedure to reduce nerve damage [6,9,16]. 
Sites that are normally used for the initial identification of the RLN 
during thyroidectomy include: inferiorly at the beginning of the TEG 
[17]; the inferior thyroid artery (ITA) crossing point [18,19]; the cri
copharyngeal border of inferior constrictor muscle as it pierces the lig
ament of Berry; and at the inferior cornu of the thyroid cartilage [2,4,8,
15,20,21].

Iatrogenic injuries to the RLN may result from transection, over
stretching of the nerve during retractions and/or thermal injury [8,13]. 
The presence of extra-laryngeal branches and non-recurrence of the RLN 
increases the likelihood of iatrogenic injuries during head and neck 
surgeries including thyroidectomy [22–25]. The RLN is also prone to 
injuries in patients undergoing high-risk thyroidectomies [26] that in
cludes total thyroid removal [26], thyroid cancer with or without cer
vical lymphadenectomy [27], goitre with retrosternal extension [28,
29], and repeat thyroidectomy associated with recurrent disease [28]. 
Reported rates of RLN injury are also higher when the procedure is 
performed by low-volume surgeons with limited experience [30]. The 
anatomy of the RLN is highly variable, and perhaps the so-called 
“normal anatomy” may not exist. Total thyroidectomy is a standard 
treatment of some benign diseases of the thyroid gland and high-risk 
differentiated malignant tumours. The RLN may be infiltrated by a 
malignant tumour [31] or displaced by a benign nodular goitre making 
its identification and intraoperative monitoring difficult, thereby 
increasing the risk of injury [32,33].

There is a paucity of information on the normal anatomy of the RLN 
and its associated injuries during thyroidectomies in South Africa, 
despite a high prevalence of thyroidectomies, with Chris Hani Bar
agwanath Academic Hospital alone performing up to 50 thyroidec
tomies per year [34]. A recent study conducted on a paediatric cohort in 
South Africans showed that the RLN is highly variable even between the 
left and right sides of the same individual [35]. High variability of the 
RLN trajectory, topography and branching patterns observed in the 
paediatric sample necessitated the development of the current study in 
order to determine, firstly the growth-related changes in the adult 
populations particularly its course in the TEG and secondly to decipher 
the anatomical parameters of the RLN in formaldehyde fixed adult ca
davers as compared to those in adult patients undergoing thyroidec
tomies. Evidence has showed that formaldehyde fixation of cadaveric 
specimens causes stiffening of the tissues leading to shrinkage and 
immobility [36,37]. These factors will render the information obtained 
from formaldehyde fixed specimens difficult to translate to surgical 
patients [37]. Thus, the current study investigated the variations of the 
topographical relationships of the RLN with the TEG and ITA and pat
terns and frequency of the extra-laryngeal branching of the RLN of both 
formaldehyde fixed cadavers and surgical patients undergoing 
thyroidectomies.

2. Materials and methods

2.1. Study sample

For the cadaveric cohort, 49 formalin fixed cadavers aged 77.6 ±
12.3 years (range: 42–77 years) and donated for learning and research to 
the School of Anatomical Sciences at the University of the Witwa
tersrand, were dissected and photographed. A total of 98 RLNs was 
examined. The sample distribution by genders is shown in Table 1.

For the surgical cohort, 30 female individuals aged 49.8 ± 14.3 years 

(range: 21–80 years) scheduled for thyroidectomy were recruited using 
convenient sampling. In total, 38 of the 60 RLNs were identified. 
Twenty-two RLNs could not be visualized due to tumour invasion or 
because the surgeon reported that exposure of the nerve would increase 
the risk of injury (Tables 1 and 2). Eligible participants were recruited 
through a 3-step process comprising detailed information on the study, 
an open invitation to participate in the study and written informed 
consent that could be withdrawn at any point during the study. In
dications for thyroidectomy included benign and malignant conditions. 
Re-do thyroidectomies were excluded due to their high-risk nature [28]. 
Patients were operated upon by a single surgeon at each of the partici
pating hospitals.

2.2. Ethical considerations

Ethical clearance for the cadaveric dissection was covered under the 
Human Tissue Act No. 65 of 1983 and the National Health Act No. 61 of 
2003 of South Africa, reference number (W-CJ-140604-1) obtained from 
the University of the Witwatersrand. Ethical clearance for the collection 
of data on candidates undergoing thyroidectomies was granted by the 
Human Research Ethics Committee (Medical) at the University of the 
Witwatersrand (M160664). The data collection procedures did not 
interfere or delay any of the patient’s therapeutic procedures.

2.3. Data collection

2.3.1. Cadaveric dissection
The dissection technique described by Kieser and Allan [38] was 

followed to locate the RLN in cadavers. To confirm the recurrence of the 
nerve, the sternum was disarticulated from the clavicle and the ribs to 
expose the great vessels, including the aorta and subclavian arteries, in 
preparation for the neck dissection. A midline superficial incision was 
made from the mandible to the sternal notch and the skin was dissected 
superficially to expose the platysma muscle. The investing layer of fascia 
was dissected to reveal the omohyoid, sternohyoid, thyrohyoid and 
sternothyroid muscles i.e. the strap muscles. The sternocleidomastoid 
muscle was reflected superiorly. The strap muscles were reflected to 
reveal the carotid sheath and its contents. The vagus nerve was identi
fied in the carotid sheath on the right and traced caudally up to the point 
of recurrence around the right subclavian artery. On the left, the point of 

Table 1 
Demographics for the cadaveric and the surgical sample.

Variables Cadaveric Surgical

N = 49 N = 30

Gender, N (%)
Male 24 (48.97 %) 0
Female 25 (51.10 %) 30 (100 %)

Ethnicity, N (%)
Black 0 28 (93.33 %)
White 50 (100 %) 1 (3.33 %)
Indian 0 1 (3.33 %)

Age
Mean ± SD 77.7 ± 12.2 49.8 ± 14.3
Median (IQR) 80 (70–87) 50 (39–59)
Range 47–95 21–80
Normality (Shapiro Wilk test) P = 0.026 P = 0.983

*SD = Standard deviation; IQR = Interquartile range.

Table 2 
Surgical sample distribution in relation to the presence of the RLN.

RLN Bilateral Unilateral Total

Present 32 6 38
Absent 8 (16 total) 6 22

RLN = Recurrent laryngeal nerve.
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recurrence was around the arch of the aorta.
Standard photographs were taken at a 15–30 cm distance from the 

exposed structure of interest and at an angle of 45◦ using a high- 
resolution Nikon® Camera and 1 mm scale bar was applied to all the 
images. The open-source software ImageJ® (National Institutes of 
Health in Bethesda, Maryland, USA) was used to calculate pixel differ
ences between two selected points and translate them into accurate 
metric measurements of diameter and angle between the RLN and the 
TEG. The following was therefore noted: 1) The diameter of the RLN; 2) 
The angular course of the RLN in the TEG and this was divided based on 
the angulation (X) into: X < 15◦; 15◦ < X < 30◦; 30◦ < X < 45◦ and X >
45◦; 3) The relationship between the RLN and the ITA; and 4) The 
presence and number of branches at the terminal end of the RLN.

2.3.2. Thyroidectomy procedure
All the patients recruited for this study underwent indirect laryn

goscopy pre- and post-operatively and vocal fold mobility was assessed. 
After general anaesthesia and endotracheal intubation, patients were 
placed in a supine position with the head on a donut pillow. The neck 
was slightly extended, and the bed placed at 15–30⁰ in reverse Trende
lenburg position. Thyroidectomies were done using the surgical pro
cedure described by Zollinger and Ellison [39]. A 3–4 cm collar incision 
was made ±2 cm above the sternal notch or 1 cm below the cricoid 
cartilage. The platysma was retracted to expose the strap muscles which 
were separated in the midline. Each lobe of the thyroid gland was 
mobilized and retracted antero-medially after ligation of the ipsilateral 
middle thyroid vein and superior thyroid vessels to reveal the external 
superior laryngeal nerve. Routine identification of the RLN was carried 
out in all cases and started where the nerve crosses the ITA (Fig. 1A–C). 
Photographs were taken to document the surgical process and to identify 
the RLN in situ. Unfortunately, in order to ensure patient welfare and 

reduce the risk of harm, the surgical sterile field did not allow photo
graphs to be taken close enough so that measurements could later be 
taken using ImageJ®. The 1) relationship between the RLN and ITA and 
2) the presence of terminal branches of the RLN were recorded by the 
surgeon.

2.4. Data analysis

The collected data were managed in Microsoft Excel 2013 (Microsoft 
Corporation) and STATA® version 14 statistical software was used for 
the statistical analyses. Percentages were used to summarize categorical 
data. Measurements derived from the photographs of each specimen 
using ImageJ® software were compared using the student t-test for 
between measures. The topography of the RLN in males and females; the 
dissected side, its relationship with the ITA, its angular course in the TEG 
and branching pattern were subjected to a Chi-square statistical test to 
test for respective associations and Wilcoxon Signed Rank Test to 
compare the difference between sides using two matched samples.

3. Results

3.1. Cadaveric cohort

3.1.1. Diameter of the recurrent laryngeal nerves
The RLN mean diameters showed no statistically significant differ

ences with regards to side and or gender. A breakdown of the descriptive 
statistics and RLN diameters are given in Table 3.

3.2. Relationship of the recurrent with the tracheoesophageal groove

The angle that the RLN formed in relation to the TEG was highly 

Fig. 1. The photographs (A–C) depicts the thyroidectomy procedure as described in Zollinger and Ellison (2016). MLD = Midline, MLI = Midline incision, TRA =
Trachea, LRLN = Left recurrent laryngeal nerve.
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variable with 93.9 % of RLNs in all participants on the left side coursing 
within 0–15◦ of the TEG as compared to 46.9 % on the right side 
(Table 4), with a total of 87.7 % coursing below 30◦. The difference in 
angle of approach of the RLN to the TEG between the right and left was 
statistically significant (p = 0.0001) and symmetry was observed in only 
20 % of all the participants. A comprehensive breakdown of the angular 
course of the RLN relative to the TEG is given in Table 4.

3.3. Anatomical relationship of the recurrent laryngeal nerve with the 
inferior thyroid artery

All the RLNs studied showed a recurrent course. Overall, there was a 
nearly identical total distribution of the RLN bilaterally coursing ante
riorly (33.7 %) (Fig. 2A and B), posteriorly (29.6 %) (Fig. 3A and B) and 
in-between (36.7 %) (Fig. 4A and B and 5A, B) the branches of the ITA 
(Table 5). There was a significant statistical difference in the distribution 
when the data was stratified by side only.

3.4. Extra-laryngeal branching of recurrent laryngeal nerve

Extra-laryngeal branching of the RLN was observed in 61 % of the 
cadaveric RLNs studied. Of these, 36.7 % (18/49) revealed a symmet
rical bilateral bifurcation i.e. on both the left and right side equally. The 
difference in the presence and number of extra-laryngeal branches on 
left and right sides was not statistically significant. The highest number 
of branches observed in this study was four (Fig. 6A and B).

Table 3 
Descriptive statistics for the cadaveric and surgical samples including recurrent 
laryngeal nerve diameters stratified by side and gender.

Variables Left side Right side P-value

Males
Number of RLNs 24 24
Mean (SD) 1.69 ± 0.66 1.71 ± 0.53 0.912
Median (IQR) 1.6 (1.37–1.94) 1.76 (1.30–2.07) 0.773
Shapiro Wilk test 0.020 0.824

Females
Number of RLNs 25 25
Mean (SD) 1.80 ± 0.51 1.56 ± 0.41 0.049
Median (IQR) 1.83 (1.43–2) 1.59 (1.23–1.92) 0.051*
Shapiro Wilk test 0.505 0.483

Total
Number of RLNs 49 49
Mean (SD) 1.74 ± 0.59) 1.63 ± 0.47 0.222
Median (IQR) 1.65 (1.37–1.97) 1.64 (1.28–1.98) 0.255*
Shapiro Wilk test P = 0.016 P = 0.604

RLN= Recuurent laryngeal nerve; SD= Standard deviation; IQR= Interquartile 
range; * Median differences tested using Wilcoxon Signed Rank test.

Table 4 
Relationship of the recurrent with the tracheoesophageal groove stratified by 
side and gender.

Variables 0–15◦ 16–30◦ 31–45◦ >45◦

N (%) N (%) N (%) N (%)

Females
Left 22 (88.0) 2 (8.0) 1 (4.0) 0
Right 12 (48.0) 11 (44.0) 1 (4.0) 1 (4.0)
Total 34 (68.0) 13 (26.0) 2 (4.0) 1 (2.0)

Males
Left 24 (100) 0 0 0
Right 11 (45.83) 9 (37.5) 4 (16.67) 0
Total 35 (72.92) 9 (18.75) 4 (8.33) 0

Total
Left 46 (93.88) 2 (4.08) 1 (2.04) 0
Right 23 (46.94) 20 (40.82) 5 (10.2) 1 (2.04)

69 (70.41) 22 (22.45) 6 (6.12) 1 (1.02)

Fig. 2. The images (A, B) show the RLN coursing anterior to the ITA on the 
right side. A. Dissection photograph; B. Line drawing. Abbreviations ITA, 
inferior thyroid artery; TRA, trachea; OE, oesophagus; RCA, right common 
carotid artery; VAN, vagus nerve; TG, thyroid gland; RL, right lobe of thy
roid gland.

Fig. 3. The images (A, B) show the RLN coursing posterior to the ITA on the left 
side. A. Dissection photograph; B. Line drawing. Abbreviations RLN, recurrent 
laryngeal nerve; ITA inferior thyroid artery; ab, anterior branch of ITA; pb, 
posterior branch of the ITA; TG, thyroid gland; LL, left lobe lobe of thyroid 
gland; TRA, trachea; POB point of bifurcation; LCA, left common carotid artery; 
LSA, left subclavian artery.
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3.5. Surgical cohort

3.5.1. Anatomical relationship of the recurrent laryngeal nerve with the 
inferior thyroid artery

Only 63 % (38 of the 60 nerves; Table 2) of the of RLNs in the surgical 
sample could be visualized on account of obstructive pathological 
masses as compared to 98 % of nerves in the cadaveric sample. All RLNs 
recurred. The majority of RLN on the right side (79 %) were posterior to 
the ITA, 21.0 % anterior and none in between its branches. The 
anatomical relationship of the RLN to the ITA on the left were posterior 
73.7 %, in-between the branches 5.3 % and anterior 21.1 %.

3.5.2. Extra-laryngeal branching of the recurrent laryngeal nerve
Extra-laryngeal branching of the RLN was recorded in 9.52 % on the 

left compared to 15 % on the right side in participants that had thy
roidectomy. No symmetrical branching was observed. The difference in 
the pattern of extra-laryngeal branching of the RLN on the left versus 
right side was not statistically significant.

4. Discussion

This investigation described the topographical anatomy of the RLN 
in a cohort of formalin fixed cadavers and surgical patients undergoing 
thyroidectomies in a South African population. This is especially 
important as tissue changes are known to occur during the process of 
tissue preservation using formaldehyde. The inclusion of an ethnically 
diverse sample was used to explore whether variations in anatomy could 
be observed between two of the major South African populations.

The majority (70.4 %) of RLNs that ran within 15◦ of the TEG were 
on the left side, which is not consistent with previous findings by Henry 

et al. [17] in a meta-analysis that examined 5970 nerves and showed 
that there is a similar distribution of RLN in the TEG irrespective of side 
or ancestry (62.1 % - right; 68.0 % - left and on the overall 63.7 %). This 
result is however similar to the findings by Kiluba et al. [35] in a study of 
formalin fixed paediatric cadavers. The population affinity of this pae
diatric sample was however not specified. Symmetry (which refers to the 
proportion of nerves that have an identical, bilateral course in the TEG) 
of 20 % was found in the current study which is considerably less when 
compared to the pooled prevalence of 61.1 % reported by Henry et al. 
[17]. The TEG would therefore be a less reliable landmark for the 
identification of the RLN during thyroidectomy compared to other 

Fig. 4. The images (A, B) show the RLN coursing in between the branches of 
the ITA on the right side. A. Dissection photograph; B. Line drawing. Abbre
viations RLN, right recurrent laryngeal nerve; ab, anterior branch of RLN; pb, 
posterior branch of the RLN; ITA inferior thyroid artery; ab, anterior branch of 
ITA; pb, posterior branch of the ITA; TG, thyroid gland; RL, right lobe lobe of 
thyroid gland; TRA, trachea; OE, oesophagus; RCA, right common carotid ar
tery; BCT, brachiocephalic trunk; RSA, right subclavian artery; VAN, 
vagus nerve.

Fig. 5. The images (A, B) show the RLN coursing in between the branches of 
the ITA on the left side. A. Dissection photograph; B. Line drawing. Abbrevia
tions RLN, left recurrent laryngeal nerve; ITA left inferior thyroid artery; ab, 
anterior branch of RLN; pb, posterior branch of the ITA; TG, thyroid gland; RL, 
right lobe of thyroid gland; LL, left lobe of thyroid gland; TRA, trachea; OE, 
oesophagus; LCA, left common carotid artery; BCT, brachiocephalic trunk; RSA, 
right subclavian artery; LSA, left subclavian artery; AA, aortic arch; VAN, vagus 
nerve; RCA, right common carotid artery.

Table 5 
The relationship between recurrent laryngeal nerves and the inferior thyroid 
artery in males and females given in percentages.

Variables Anterior Posterior In-between Total

N (%) N (%) N (%) N (%)

Females
Left 9 (36.0 %) 3 (12.0 %) 13 (26.0 %) 25 (100 %)
Right 7 (28.0 %) 10 (40.0 %) 8 (32.0 %) 25 (100 %)
Total 16 (32.0 %) 13 (26.0 %) 21 (42.0 %) 50 (100 %)

Males
Left 12 (50.0 %) 2 (8.33 %) 10 (41.67 %) 24 (100 %)
Right 5 (20.83 %) 14 (58.33 %) 5 (20.83 %) 24 (100 %)
Total 17 (35.42 %) 16 (33.33 %) 15 (31.25 %) 48 (100 %)

Total
Left 21 (41.86 %) 5 (10.2 %) 23 (46.94 %) 49 (100 %)
Right 12 (24.49 %) 24 (48.98 %) 13 (26.53 %) 49 (100 %)
Total 33 (33.67 %) 29 (29.59 %) 36 (36.73 %) 98 (100 %)
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commonly used structures such as the ligament of Berry due to its var
iable anatomy [17].

In the current study, 93.9 % of the RLNs on the left side travelled at 
an angle less than 15◦ relative to the TEG, which is consistent with the 
findings from a study by Lee et al. [40] and Kiluba et al. [35] that 
demonstrated that 80 % of RLNs on the left side travel at an angle of less 
than 30◦ to the TEG. On the right side, 87 % of the RLNs in our study 
coursed between 0 and 30◦. It has been shown that around 50 % of RLNs, 
irrespective of side or gender, course at an angle within the TEG of less 
than 30◦ and this proportion increased to 78.6 % when the nerve was 
sought in its course between 15 and 45◦ relative to the TEG [40].

In the present study, gender and sidedness did not influence the 
diameter of the RLN. A total of 29.6 % of all the RLNs passed posterior to 
the ITA, which is within the range of 24.9–100 % reported by Ardito 
et al. [41], Wiseman et al. [42], Uen et al. [43], Henry et al. [3], and 
Henry et al. [17], Over the past one-hundred years, the relationship 
between ITA and RLN has been classified into numerous subtypes, with 
researchers finally settling on the three subtypes which are now widely 
used and thus also used in this investigation [18]. This classification 
system denotes the position of the RLN as either coursing anterior, 
posterior or in between the branches of the ITA [44]. The relationship 
between RLN and ITA on the right side in the current investigation were 
anterior (24.5 %), posterior (49.0 %) and in-between (26.5 %) this 
structure. On the left side, the RLN coursed mainly in-between at 46.9 % 
and anterior at 42.9 %, with only 10.2 % of nerves coursing posterior to 
the ITA. These findings are inconsistent with reports by researchers who 
found that the majority of RLNs passes anterior to the ITA on the right 
side (37.1 %) versus posterior on the left (62.6 %) [18].

In the surgical cohort herein, the RLN was only seen in 63 % of 

individuals owing to the complete distortion of the regional anatomy 
due to neck masses. Visualization and identification of the RLN is 
advocated for by many authors and is considered a standard procedure 
to prevent RLN injury [1,4,6,8,41–43]. Although, it has been proven that 
visualization of the nerve is associated with a reduction in RLN injury, it 
is not always possible to see or dissect the nerve when resecting a locally 
invasive lesion in the thyroid gland [8,45]. In this cohort the majority of 
RLNs coursed posterior to the ITA on both the right and left sides, fol
lowed by the anterior course and least in-between the branches of the 
ITA. These findings correspond with the literature in finding that a 
posterior course of the RLN to the ITA is most common. Henry et al. [18] 
concluded that 50.7 % of all RLNs assume a posterior course relative to 
the ITA. In addition, a review by Ling and Smoll [4] of 32 studies with a 
total of 8655 nerves, found that 50.95 % of all RLN coursed posterior to 
the ITA.

Ultimately, the current investigation demonstrated that there was no 
recognizable pattern in the course of the RLN, consistent with the fact 
that the anatomy of the nerve is highly variable [6,18]. Variations in the 
pattern of the RLN between cadaveric and surgical populations reported 
herein may be due to ancestry differences, since most of the cadaveric 
cohort consisted of older white individuals while the surgical cohort was 
mainly from younger black individuals. In the current study, the rela
tionship of the RLN to ITA was symmetrical between 22 % and 44 % of 
the time. In a meta-analysis of 79 studies, a symmetrical RLN to ITA 
relationship was observed in less than 37 % of cases [18], which falls 
within the range of the findings of the current study.

It is generally accepted that the anterior branch of the RLN provides 
motor innervation whereas the posterior branch provides sensory 
innervation to the larynx [8]. Extra-laryngeal branching of the RLN is a 
recognized phenomenon which is sub-classified into four types: 
pre-arterial, arterial, post-arterial and pre-laryngeal [46]. In most cases, 
branching happens 1–2 cm from the site where RLN enters the larynx as 
reported by Henry et al. [3] in a meta-analysis of 28 387 RLNs. In our 
study, 61 % of RLN in the cadaveric population demonstrated 
extra-laryngeal branching while in the surgical cohort the 
extra-laryngeal branching rate was only 9.5 %. This could once again be 
due to differences in the sample age and ancestry and or difficulty in 
visualization of the nerve and branches during surgery. Gurleyik [46] 
also reported a high rate of extra-laryngeal branching in cadavers as 
compared to thyroidectomy cases. The finding of high prevalence of 
extra-laryngeal branching of RLN in cadavers is within the range of 
43%–78 % of the prevalence of extra-laryngeal branching reported by 
Thompson et al. (1973). Ardito et al. [41] analysed 2626 RLNs and re
ported a similar bifurcation rate of 70.6 % happening at 0.6cm–4.0 cm 
distance prior to entering the larynx. Henry et al. [3] in a meta-analysis 
of 69 studies and 28 387 RLNs showed a 60 % extra-laryngeal branching 
rate.

In the current study the maximum number of extra-laryngeal 
branches observed was four. Henry et al. [3] reported that the termi
nal branching pattern of the RLN can be expected at about 2 cm from the 
cricothyroid joint and the number of terminal branches ranges from one 
to six. Similarly, Sun et al. (2002) analysed 100 cadaveric specimens and 
demonstrated that most of the RLNs branch 10.13 ± 7.19 mm above the 
inferior pole of the thyroid gland. In addition, Uen et al. [43] showed a 
similar rate of extra-laryngeal branching showing that it can occur 
anywhere between 0.5cm and 1.2 cm (average 0.8 cm) from the inferior 
horn of the thyroid cartilage. Serpell et al. [1] reported that there is more 
extra-laryngeal branching of the RLN on the right side than the left side. 
In the same study, symmetrical bilateral bifurcation of the RLN was 
observed in only 8.9 % of 838 nerves examined [1]. Henry et al. [3] 
reviewed 28387 nerves, and described a wide range of extra-laryngeal 
branching of 5%–100 % with a bilateral symmetrical branching of 
36.5 %. Bifurcation, trifurcation and more than three branches were 
observed in 51.1 %, 4.7 % and 2.2 % respectively. Prades et al. [2] re
ported higher rates of extra-laryngeal branching of the RLN including 
bifurcation (88 %), trifurcation (12 %) and greater than 3 branches (0.2 

Fig. 6. The images (A, B) show the recurrent laryngeal nerve branching into 
four (4) pre-arterial extra-laryngeal branches before entering the larynx. The 
branch labelled number 2 further bifurcates outside the larynx. A. Dissection 
photograph. B. Line drawing. Abbreviations; TRA, trachea; RLN, recurrent 
laryngeal nerve; VAN, vagus nerve; TG, thyroid gland; BCT, brachiocephalic 
trunk; RCA, right common carotid artery; ITA inferior thyroid artery.
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%). The point at which branching takes place creates a vulnerable area 
of the RLN [8].

This study is of immense clinical significance to the surgeons as it 
shows that there is nothing like normal anatomy of the RLN, extra- 
laryngeal branching is common and that anatomical findings on one 
side should not be used to guide dissection of the contralateral side. 
Although a lot is written on the variable number and anatomical posi
tions of the parathyroid gland, variation of topographical relationships 
of RLN and existence of extra-laryngeal branching is not emphasized in 
the surgical literature. Surgeons regard anatomy and topographical re
lationships of the RLN uniform and symmetrical. Although extremely 
rare, non-recurrent laryngeal nerve is virtually the only anatomical 
variation that is emphasized to surgeons during training. Surgeons will 
appreciate that there is no consistent and supremely reliable landmark 
for initial identification of the RLN. The topographical relationship of 
RLN with the TEG or ITA varies and is not always reliable. It is therefore 
not advisable for a surgeon to rely on a single landmark and approach for 
initial identification of RLN while performing thyroidectomy. That the 
RLN may give off more than two extra-laryngeal branching is significant 
since some of the branches may be damaged unknowingly, if a surgeon is 
only aware of the anterior and posterior branches. Some patients 
develop transient or permanent RLN injury even when the RLN 
remained intact during thyroidectomy. The surprising postoperative 
RLN dysfunction may not always be due to traction injury but caused by 
damage to branches that were not identified. It is therefore recom
mended that all surgeons performing thyroidotomies must expose, 
visualise and trace the RLN throughout its entire extra-laryngeal course.

5. Conclusion

The RLN showed a variable anatomy with minimal symmetry be
tween the right and left sides. The observations on one side may not be 
representative of the other side, hence it is imperative to monitor the 
RLN on both sides when performing bilateral surgery of the neck and or 
total thyroidectomy. Irrespective of age, gender and side, the RLN 
coursed in-between the branches of the ITA in most cases. The majority 
of RLNs on the left side coursed in the TEG while on the right side the 
nerve deviated from the TEG at an angle ranging between 0⁰ - 30⁰. Most 
of the RLNs give at least two or more extra-laryngeal branches bilater
ally, with a maximum of four branches reported in this investigation. 
RLN remains vulnerable to iatrogenic injuries due to its poor visuali
zation during. Invasion by pathological masses make the identification 
of the nerve, its branches and the course difficulty. The understanding of 
these anatomical variations will assist surgeons during intraoperative 
nerve monitoring and reduce the risk of iatrogenic injuries to the RLN.

6. Study limitations

The greatest limitation of the current investigation is its small sample 
size distribution which limits the depth of inferences that can be drawn 
for the side, gender or population affinity differences. Additionally, none 
of the authors of this study were blinded to the sample demographics 
which may have introduced a degree of bias in the conclusions drawn in 
this study.
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