
Factors Influencing the Relationship of the External Branch 
of the Superior Laryngeal Nerve with the Superior Pole 
Vessels of the Thyroid Gland

Objectives: In a thyroidectomy, the external branch of the superior laryngeal nerve (EBSLN) is a potential risk during the superior 
pole dissection due to its close anatomical relationship with the superior thyroid artery and its highly variable anatomy. In this 
study, we aimed to evaluate the relationship of EBSLN with the superior pole considering Cernea classification and the factors af-
fecting this relationship.
Methods: The data of thyroidectomized 126 patients (95 female, 31 male) with 200 neck sides (mean age of 45.6±12.1 years) using 
intraoperative neuromonitoring (IONM) for the EBSLN exploration were evaluated retrospectively. During the superior pole dissec-
tion, the EBSLN course was classified according to Cernea classification after being confirmed with IONM. It was defined as a large 
goiter in the case of the thyroid lobe volume being >50 cc. The factors influencing the presence of type 2b, which has the highest 
risk of injury, were evaluated using logistic regression analysis.
Results: Of the 200 EBSLNs evaluated, 52 (26%) were type 1, 134 (68%) were type 2a, and 14 (7%) were type 2b. The mean volumes 
of the resected thyroid lobes were 22±25 cc (min-max: 2-136), 23±20 cc (3-163), and 39±24 cc (3-65) in type 1, 2a and 2b, respec-
tively, which was significantly higher in type 2b (p=0.035). Presence of large goiter rates were 5.8% (n=3), 8.2% (n=11), 64.3% (n=9) 
in type 1, 2a, and 2b, respectively, and was significantly higher in type 2b (p=0.0001). There was no significant difference between 
EBSLN Cernea types concerning age, sex, nerve side, presence of cancer and hyperthyroidism. In logistic regression analysis, large 
goiter was the only independent factor associated with Cernea type 2b. In case of a lobe volume greater than 50 cc, the probability 
of type 2b presence was approximately 25 times higher (p<0.001, odds ratio: 25.262).
Conclusion: Type 2b course of EBSLN is more common in large goiters, and it is 25 times more likely to be seen in the presence of 
a lobe volume over 50 cc. Thus, it should be considered that the probability of this high-risk course is significantly higher in large 
goiters.
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The external branch of the superior laryngeal nerve 
(EBSLN) is the motor nerve of the cricothyroid mus-

cle (CTM), one of the intrinsic muscles of the vocal cord. 
This muscle increases the length and tension of the vo-
cal cord, contributing to the production of high pitch 
sounds. When the EBSLN is injured, it negatively affects 
the patient's quality of life secondary to deterioration in 
voice quality by causing a decrease in volume, difficulty 
in changing the pitch, and different clinical signs of vocal 
fatigue.[1-3]

Although it has been reported that especially voice profes-
sionals were affected by EBSLN injuries in the past, with 
the increasing attention on quality of life, it is a significant 
complication not only for voice professionals but for all pa-
tients, and awareness of the consequences of EBSLN inju-
ries is gradually increasing.[4-5]

EBSLN is at potential risk during the superior pole dissec-
tion in thyroidectomy due to its close anatomical relation-
ship with the superior thyroid artery and its highly variable 
anatomy.[2] Understanding and identification of the EBSLN 
anatomy is important for its preservation.[1-5] The use of 
intraoperative nerve monitoring (IONM) during thyroid-
ectomy increases the visual or functional identification of 
EBSLN.[1, 6-8]

Different classifications related to the EBSLN anatomy have 
been defined. EBSLN was categorized according to the re-
lationship between the superior thyroid vessels and the 
upper edge of the thyroid superior pole in Cernea and Ki-
erner classifications, according to the relationship between 
the superior thyroid vessels and the cricoid cartilage in 
Selvan classification, and according to its relationship with 
the inferior pharyngeal constrictor muscle in the Friedman 
classification.[9-12]

Cernea classification is the most widely used classification 
system based on the potential risk of nerve injury during 
the thyroidectomy.

In the Cernea classification, the EBSLN crosses with supe-
rior thyroid vessels at a distance of more than 1 cm above 
the upper edge of the thyroid superior pole in type 1, at a 
distance less than 1 cm above the upper edge of the su-
perior pole in type 2a, and below the upper edge of the 
superior pole in type 2b (Fig. 1).[9]

Although both type 2a and type 2b have the risk of injury 
due to their close course to the thyroid superior pole dur-
ing dissection and ligation of the upper pole vessels, type 
2b has the highest risk.[9, 13-15]

In this study, we aimed to evaluate the relationship of EB-
SLN with the superior pole and its vessels and also the fac-
tors influencing this relationship.

Methods
Prospectively recorded data of patients who underwent in-
traoperative nerve monitoring (IONM) guided thyroidecto-
my between January and December 2015 were evaluated 
retrospectively in this study. Patients with primary thyroid 
surgery for malignant or benign thyroid disease, whose EB-
SLNs have been identified with IONM and classified consid-
ering Cernea and Friedman classifications, were included in 
this study. Patients with secondary surgery and unidenti-
fied EBSLNs during surgery were excluded from this study. 

IONM-guided superior pole dissection technique has been 
described in detail in previous studies.[1, 8, 16] During the dis-
section of the upper pole, each structure thought to be the 
nerve was stimulated using IONM and EBSLN was confirmed 
by observing the contraction of the CTM. If EBSLN was not 
able to be identified visually, it was searched by stimulat-
ing the inferior pharyngeal muscle fibers near the laryngeal 
head of the sternothyroid muscle with a probe. If the nerve 
was not found with the probe, the muscle fibers were not 
dissected to find EBSLN through or under the inferior pha-
ryngeal constrictor muscle fibers.[1, 16] After confirming with 
EBSLN with IONM, it was categorized according to the Cer-
nea classification[9] and the data were recorded (Fig. 1). 

After the thyroid lobe was resected, its dimensions were 
measured. Each thyroid lobe volume was calculated sepa-
rately using the formula: (length x width x depth) x 0.479 
(standard WHO correction)= cm3 (cc).[17] 

A thyroid lobe having a volume of >50 cc was defined as 
large goiter, and if its volume was <50 cc, it was defined as 
small goiter.[18]

The effects of age, sex, nerve side, thyroid lobe volume, 
presence of malignancy and hyperthyroidism were evalu-
ated concerning the relationship between EBSLN and su-

Figure 1. Cernea classification.
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perior pole vessels. The effects of age, sex, hyperthyroid-
ism, cancer, and presence of large goiter regarding the 
presence of type 2b, which have the highest risk of injury, 
were evaluated by logistic regression analysis.

Statistical Analysis
Categorical variables were evaluated using the χ2 test. 
While comparing more than two groups, the Tukey HSD 
test, which is a single-step multiple comparison procedure, 
was used to find the difference between the binary groups.

Factors influencing the presence of EBSLN type 2b were 
evaluated using logistic regression analysis. A value of 
p<0.05 was considered to be significant. 

Results
In this study, the data of 74 bilateral and 52 unilateral 
thyroidectomies via IONM in 126 patients (95 female, 31 
male) (mean age; 45.6±12.1 years) with 200 EBSLNs were 
evaluated. The general distribution of the patients is giv-
en in Table 1. Of the 200 EBSLNs evaluated, 52 (26%) were 

type 1, 134 (68%) were type 2a, and 14 (7%) were type 
2b (Table 2). The mean volumes of resected thyroid lobes 
were 22±25 cc (min-max: 2-136), 23±20 cc (min-max: 
3-163) and 39±24 cc (min-max: 3-65) in type 1, 2a and 2b, 
respectively, and mean thyroid lobe volume was signifi-
cantly higher in type 2b than in other types (p=0.035). Al-
though lobe volume was similar in type 1 and 2a in paired 
comparison (p=0.960), lobe volume was higher in type 
2b than that was both in type 1 (p=0.021) and in type 2a 
(p=0.018). Large goiter existed in 23 (11.5%) neck sides, 
and presence of large goiter rates were 5.8% (n=3), 8.2% 
(n=11), 64.3% (n=9) in type 1, 2a, and 2b, respectively, 
and was significantly higher in type 2b than in type 1 and 
2a (both: p<0.001). There was no significant difference 
between EBSLN Cernea types concerning age, sex, neck 
side, presence or suspicion of cancer, Friedman classifica-
tion and hyperthyroidism. In logistic regression analysis, 
large goiter was the only independent factor associated 
with the Cernea type 2b nerve course. In case of a lobe 
volume greater than 50 cc, the probability of type 2b pres-
ence was approximately 25 times higher (p<0.001, odds 
ratio: 25.262) (Table 3).

Discussion
EBSLN is potentially at risk during superior pole dissection 
in thyroidectomy, as its anatomic variations are frequent 
and are closely related to the upper pole vessels.[2]

Cernea classification is based on the potential injury risk of 
the nerve during thyroidectomy. In our study, the rates of 
Cernea type 1, 2a, and 2b were 26%, 68%, 7%, respectively, 
and 75% (the sum of type 2a and 2b) of the EBSLNs cross-
ing the superior pole vessels within 1 cm distance was at 
potential risk. However, Cernea type 2b is the nerve course 

Table 1. General distribution of the patients according to their 
characteristics

Characteristics n=126

Age 45.6±12.1 (19-91)
Sex (Female/Male), n (%) 95/31 (75.4/24.6)
Preoperative Diagnosis
 MNG, n (%) 59 (46.8)
 Toxic MNG, n (%) 8 (6.3)
 Graves, n (%) 9 (7.1)
 Cancer or Suspicion of Cancer, n (%) 50 (39.8)
Bilateral/Unilateral Surgery, n (%) 74 (58.7)/52 (41.3)

Table 2. Factors influencing the relationship of EBSLN with superior pole and vessels

  Cernea 1 Cernea 2a Cernea 2b p

n (%) 52 (26) 134 (68) 14 (7)
Nerve Side (Right/Left), n (%) 22/30 (42.3/57.7) 72/62 (53.7/46.3) 7/7 (50/50) 0.376
Age (Mean+SD)  46±12.1 45±11.7 45.6±12.3 0.456
(Min-Max) (23-75) (19-91) (26-91)
Sex F/M (n(%)) 37/15 (71.2/28.8) 104/30 (77.6/22.4) 8/6 (57.1/42.9) 0.201
Lobe Vol. (cc) (Mean+SD) (Min-Max) 21.9±24.91 (2-136) 24.9±19.52 (3-163) 39.2±23.63 (3-65) 0.035
Large Goiter (>50 cc), n (%) 34 (5.8) 115 (8.2) 96 (64.3) <0.001
Hyperthyroidism, n (%) 3 (5.8) 14 (10.4) 1 (7.1) 0.587
Cancer or Suspicion of Cancer, n (%) 21 (40.4) 45 (33.6) 3 (21.4) 0.386
Friedman, n (%)    0.165
 1 27 (52.9) 83 (61.9) 10 (71.4)
 2 5 (9.6) 15 (11.2) 3 (21.4)
 3 20 (38.5) 36 (26.9) 1 (7.1)

p (1 vs 2)= 0.960, p (1 vs 3)= 0.021, p (2 vs 3)= 0.018; p (4 vs 5)=0.760, p (4 vs 6)<0.001, p (5 vs 6)<0.001.
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with the highest risk since it crosses the superior pole ves-
sels below the upper edge of the superior pole.[9]

According to our results, there was no difference between 
the Cernea types concerning age, sex, nerve side, hyper-
thyroidism, Friedman classification and cancer suspicion 
or presence of cancer, and no significant relationship was 
found for Cernea type 2b. Although the thyroid volume 
was similar in Cernea type 1 and type 2a (p=0.960), it was 
significantly higher in type 2b than both types (type 1 vs 
2b, p=0.021; type 2a vs 2b, p=0.018). In addition, the rate of 
large goiter (>50cc) was 5.8%, 8.2%, 64.3% in type 1, 2a, 2b, 
respectively, and was significantly higher in type 2b than 
both type 1 (p<0.001) and type 2a (p<0.001). Large goiter 
was the only factor that showed a significant relationship 
with type 2b in logistic regression analysis. The probabil-
ity of type 2b was 25 times higher in large goiters with a 
lobe volume greater than 50 cc (Odds ratio: 25.262 (95%/
CL: 4.854-131.469). We suggest that this is related to the 
increase in the thyroid volume due to a thyroid disease 
resulting in the thyroid superior pole growing cranially 
and getting closer to the EBSLN. The higher prevalence of 
type 2 nerve course in clinical series than in cadaver series 
is important evidence supporting this suggestion about 
thyroid enlargement in thyroid diseases requiring surgery. 
In addition, the total prevalence of type 2a and 2b in the 
meta-analysis was 65% in clinical series and 49% in cadaver 
series.[19]

Patients with a high probability of a type 2b nerve course 
can be predicted by preoperative thyroid volume measure-
ment via ultrasonography.

In the studies conducted by Ravikuvar et al.,[20] a signifi-
cant relationship between the incidence of Cernea type 
2b and goiter with a volume greater than 50 cc (Odd ratio: 
438.5 (95% CI: 194.63-988.28) and the presence of hyper-
thyroidism (Odd ratio: 6.425 (95% CI: 2.835-14.562)) was 
detected, while there was no significant relationship con-
cerning age and sex. 180 of 912 thyroid lobes evaluated 
in this study were larger than 50 cc in volume (19.7%) and 
82.2% of large lobes were toxic. 93% of the nerves at risk 
were able to be identified visually. All of the Cernea type 
1 nerves were identified in small goiters, but not detected 

in large goiters. 94.2% of Cernea type 2b nerves were de-
tected in large goiters and 5.2% in small goiters, and the 
prevalence was 39.2% in toxic goiters and 4.6% in non-
toxic goiters. In another study, in the presence of thyroid 
lobe volume below 20 cc, Cernea type 2a rate was 58%, 
type 2b rate was 8.5%, and the rate was 66.5% in total, 
while over 20 cc, it increased to 72%, 15% and 87%, re-
spectively. 

In some other studies, the relationship between gland 
weight and EBSLN type has been investigated. Cernea et 
al.[14] analyzed data on 13 EBSLNs in nine female patients 
with large goiters. The mean dimensions of the goiter were 
10.9 cm x 7.3 cm x 5 cm, mean specimen weight was 430 
grams, and the Cernea type 2b course was detected in 54% 
of EBSLNs.

In the study of Aina and Hisham,[21] Cernea type 1 rate was 
23.4%, type 2a rate was 65.3%, type 2b rate was 11.3% in 
the presence of goiter below 100 g; in large goiters over 
100 g, it was 7.7% 41% and 51.3% respectively, and the rate 
of type 2b increased significantly in the presence of goiter 
larger than 100 g.

Pagedar et al.[22] found a significant relationship between 
the incidence of type 2b nerve and thyroid specimen 
weight (not lobe weight) resected and thyroid lobe diam-
eters. Type 2b incidence was 72% when thyroid specimen 
weight was over 50 grams (Odd ratio, 3.24; 95% CI, 1.28-
8.24; p=0.006), 62% when the superior inferior diameter of 
the thyroid lobe was greater than 5.5 cm (Odd ratio, 2.13; 
95% CI, 1.10-4.13; p=0.02), and 79% (Odd ratio, 4.65; 95% 
CI, 1.48-14.63; p=0.005) when anterior-posterior diameter 
was greater than 3.5 cm. 

Furlan et al.[23] evaluated intrinsic factors associated with 
the EBSLN course according to the Cernea classification on 
72 neck sides in 36 fresh human cadavers. The researchers 
found no significant difference in terms of sex, ethnicity, 
and neck side. They found a significant difference between 
Cernea types concerning thyroid lobe volume (p<0.001) 
and an individual's height (p<0.001). In Cernea type 1, 2a, 
2b, the thyroid lobe volume (mean+SD) was 7.2±2.5 cm3, 
11.5±5.7 cm3, 12.1±6.9 cm3, respectively, and the individ-
ual’s height was 1.79±0.07 m, 1.72±0.07 m, 1.70±0.10 m, 
respectively, and they reported that these intrinsic factors 
(height and thyroid volume) could potentially affect the 
EBSLN trace. The researchers claimed that the taller the 
individual, the farther the EBSLN will be from the superi-
or thyroid pole and that it can be explained based on the 
human body's embryogenesis, growth, development and 
anatomical features.

Although some studies have reported that the EBSLN posi-
tion may be related to ethnicity, it is not clear how ethnic-

Table 3. Evaluation of the factors influencing EBSLN course by 
logistic regression analysis 

Variables Log Odds Ratio p Odds Ratio (95% CI)

Age -0.055 0.076 0.947 (0.89-1.007)
Hyperthyroidism -0.256 0.853 0.774 (0.052-11.629)
Sex 0.338 0.692 1.402 (0.263-7.471)
Suspicion of Cancer -0.602 0.531 0.548 (0.083-3.598)
Large Goiter 3.229 <0.001 25.262 (4.854-131.469)
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ity affects the topography of the nerve. Aina and Hisham 
found the rate of type 2b higher in the Indian population 
than in Chinese and Malezian patients, although it was not 
statistically significant in Kualo Lumpur, and stated that it 
had no association with goiter size.[21]

Hurtado-Lopez et al.[24] reported that the frequency of risky 
course of ESBLN (type 2a + 2b) in the Mexican Mestizo 
population was higher than some reference series in the 
literature.

Similarly, Chuang et al.[15] detected risky Cernea type 2 rate 
for EBSLN (type 2a+b) as 78% in Chinese and although this 
rate was similar to the ones found in the studies performed 
in India and Mexico, they reported that it was higher than 
the rates reported from Brazil, Italy and Turkey.

Cernea et al.[13] reported that the course of type 2b EBSLN 
with higher risk was more common in non-white individu-
als (41%) than in white individuals (5%).

Although the effect of ethnicity on the course of the nerve 
is not clear, these data in the literature suggest that eth-
nicity may have some effects on the surgical anatomy of 
EBSLN.[5]

The main limitations of our study are that it is a retrospec-
tive study and some topographic anatomical features that 
may be effective in the course of EBSLN were not evaluated.

Conclusion
Identification and protection of EBSLN in superior pole dis-
section in thyroidectomy is one of the important steps of 
safe thyroidectomy. Significant thyroid enlargement is one 
of the main indications for surgery, and preoperative thy-
roid volume can be measured by ultrasonography and the 
growth rate can be determined. 

As a result, type 2b course of EBSLN with the highest injury 
risk is common in large goiters, and it is 25 times more likely 
to be seen in the presence of lobe volume over 50 cc. The 
significantly higher rate of this high-risk course of the nerve 
to occur due to the displacement of the upper pole superi-
orly, secondary to the enlargement in large goiters, should 
be taken into account.
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