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The use of Zuckerkandl's tubercle
as an anatomical landmark in
identifying recurrent laryngeal
nerve and superior parathyroid
gland during total thyroidectomy:
a prospective single-surgeon
study

Ercument Gurluler®

Department of General Surgery, Uludag University Faculty of Medicine, Bursa, Turkiye

Objective: To determine the incidence and characteristics of Zuckerkandl's
tubercle (ZT), and its relationship with recurrent laryngeal nerve (RLN) and the
superior parathyroid gland (SPG) in the setting of total thyroidectomy.

Methods: A total of 421 patients (mean (min-max) age: 45.6 (18-78) years, 76.2%
were females) who had total thyroidectomy were included in this prospective
single-surgeon thyroidectomy series study. Patient demographics and
thyroidectomy indications (benign and malignant) were recorded in each
patient. The presence, grade and laterality of ZT, and its relationship with RLN
and SPG were recorded during surgery.

Results: Most of the thyroidectomy indications (69.1%) were related to a malignant
disease. The ZT was unrecognizable in 41(9.7%) of 421 patients. In 380 patients
with identifiable ZT, the grade 2 (46.3%) ZT was the most common finding.
Majority of ZTs (92.9%) were unilaterally located (right-sided: 64.9%; left-sided:
35.1%). In majority of the cases (83.2%), the RLN was found to lie medial to ZT.
Overall, SPG was identified in close proximity to ZT in 66.6% of patients (Class 2
[0.5-1cm from ZT] in 46.6% and Class 3 [<0.5 cm from ZT] in 20.0%). SPG was
more likely to be identified in close proximity to ZT when the grade of ZT was
higher, which was found to be located 0.5-1cm from the ZT in 56.9% and
42.7% of grade 2 and grade 3 ZTs, respectively, and <0.5cm from the ZT in
46.1% of grade 3 ZTs.

Conclusion: In conclusion, this prospective single-surgeon thyroidectomy series
study indicates the likelihood of localizing the RLN medial to ZT, and the SPG in
close proximity to ZT during total thyroidectomy operations. Hence, the ZT can
be used as a reliable and constant landmark to localize both the RLN and the
SPG during thyroid surgery, which enables minimizing the risk of iatrogenic
injury to RLN, while ensuring a parathyroid-sparing thyroidectomy. The thyroid
surgeon should have complete knowledge of thyroid gland anatomy and
embryogenesis and should follow a careful and meticulous approach particularly
for dissections around larger ZTs, given the increased likelihood of SPG and RLN
to be in close proximity.
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1. Introduction

Thyroid surgery mandates the surgeons’ expertise and in-depth
knowledge of the surgical anatomy and embryogenesis, due to
considerable risk of complications such as injury to the recurrent
laryngeal nerve (RLN), superior laryngeal nerve, or the
parathyroid glands which may result in profound lifelong
consequences for the patients (1-4).

The RLN shows great variability in its thickness, route and
distal ramification (5, 6). In addition, rarely it may also be
atypical in the form of the non-recurrent laryngeal nerve
(NRLN), which occurs at an incidence ranging from 0.3% to
1.6% for the right and approximately 0.04% for the left, as
considered to be by far more prone to intraoperative injury than
the RLN (5-8). Hence, proper identification and preservation of
the RLN and consideration of the potential variations are
important for the safety of surgical procedures of the neck (9).

The direct inspection and complete exposure of RLN during
thyroidectomy using the crucial anatomical landmarks such as
inferior thyroidal artery, the ligament of Berry, thyroid cartilage
and the Zuckerkandl’s tubercle (ZT), has become the gold
standard method to prevent the inadvertent injury to the nerve,
while the parathyroid-sparing surgery is a routinely applied
procedure in thyroidectomies to prevent the postoperative
hypoparathyroidism (3, 4, 10-14).

The ZT, named by the Austrian anatomist Emil Zuckerkandl in
1902, is a posterolateral projection of the thyroid lobes, indicating
the point of fusion between the ultimobranchial body and the main
median thyroid process formed during the embryogenesis (15-17).
ZT presents as a lateral projection from the lateral thyroid lobe
with a close relationship to the extra-laryngeal termination of the
RLN as well as to the superior parathyroid gland (SPG) (17-21).

Hence, serving a useful anatomical landmark for the location of
both the RLN and the SPG, ZT is often described as “friend” of a
thyroid surgeon, while its recognition is also considered important
to ensure the complete removal of all thyroid tissue during total
thyroidectomy (14, 17, 18, 20-26). Nonetheless, there is vast
heterogeneity in the incidence, size and laterality of ZT reported
in literature and its utility as a landmark in thyroid surgery has
not been extensively investigated, particularly in terms of
identifying SPG (1, 3, 4, 14, 17, 22, 23, 26).

This prospective single-surgeon study aimed to determine the
incidence and characteristics of ZT and its relationship with RLN
and SPG in the setting of total thyroidectomy, and thereby to
evaluate its utility as a landmark to safely locate both the RLN
and SPG during thyroid surgery.

2. Materials and methods
2.1. Study population
A total of 421 patients (mean (min-max) age: 45.6 (18-78)

years, 76.2% were females) who had total thyroidectomy
accompanied with intraoperative exposure of RLN and SPG in
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relation to ZT were included in this prospective single-surgeon
thyroidectomy series study conducted at a tertiary care general
surgery clinic between June 2023 and June 2024. Patients who
than  total
thyroidectomy and those without intraoperative identification of
RLN and/or SPG were excluded from the study.

The study was conducted in accordance with the ethical

underwent  thyroidectomy operations other

principles stated in the “Declaration of Helsinki” and approved
by the Uludag University Clinical Research Ethics Committee
(Date: 27/09/2019, Protocol No: 2019-15/1).

2.2. Assessments

Patient demographics (age, gender) and thyroidectomy
indications (benign and malignant) were recorded in each
patient. All thyroidectomy operations were carried out by the
same surgeon (E.G.). The presence, grade and laterality of ZT
and its relationship with RLN and SPG were recorded during

thyroid surgery.

2.3. Presence, grading and laterality of ZT

ZT grade was assessed using the grading system described by
Pelizzo et al. (18), including Grade 0 (unrecognizable), Grade 1
(slight thickening of lateral edge of thyroid lobe), Grade 2 (less
than 1 cm) and Grade 3 (more than 1 cm). The laterality of ZT
was recorded in those classified as Grade I-III (recognizable) ZT's
(Figure 1).

2.4. The relation between RLN and ZT

The running pathway of the RLN relative to ZT area was
classified as medial to ZT, lateral to ZT and posterior to ZT.

2.5. The relation between SPG and ZT

The relationship between SPG and ZT was assessed using the
The
position of SPG relative to ZT was categorized as Class 0 (2 cm
from the ZT), Class 1 (1-2 cm from the ZT), Class 2 (0.5-1 cm
from the ZT) and Class 3 (<0.5 cm from the ZT) (17) (Figure 2).

classification system described by Prakash et al. (17).

2.6. Statistical analysis

Statistical analysis was performed using IBM SPSS Statistics
(IBM Corp. Released 2012. IBM SPSS Statistics for Windows,
version 22.0. Armonk, NY: IBM Corp). Descriptive statistics were
reported including means and ranges for continuous variables
and percentages for categorical variables. Data were expressed as

mean (minimum-maximum) and percent (%) where appropriate.
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3. Results

3.1. Patient demographics and
thyroidectomy indications

Mean age of patients was 45.6 years (range, 18-78 years), 320
(76.2%) of 421 patients were females. Most of the thyroidectomy
indications (69.1%) were related to malignant disease including
papillary carcinoma in 54.9% of cases (Table 1).

3.2. Presence, grading and laterality of Zt

The ZT was unrecognizable in 41 (9.7%) of 421 patients. In 380
patients with identifiable ZT, grade 2 (46.3%) ZT was the most
common finding, followed by the grade 1 (22.8%) and grade 3
(21.1%) ZTs (Table 2, Figure 3).

Majority of ZTs (92.9%) were unilaterally located (right-sided:
64.9%; left-sided: 35.1%), while only 7.1% of ZT's were found to be
bilateral (Table 2).

3.3. The relation of RLN to ZT

In majority of the cases the RLN was found to lie medial to ZT
(83.2%), followed by lateral (12.7%) and posterior (3.9%) positions.

Frontiers in Surgery

3.4. The relation of SPG to ZT

Overall, SPG was identified in close proximity to ZT in 66.6%
of patients, including Class 2 (0.5-1 cm from ZT) pattern in 46.6%
of patients and Class 3 (<0.5 cm from ZT) pattern in 20.0% of
patients (Table 3, Figure 4).

SPG was more likely to be identified in close proximity to ZT
when the grade of ZT was higher. Accordingly, SPG was found to
be located 0.5-1 cm from the ZT in 56.9% and 42.7% of grade 2
and grade 3 ZTs, respectively, and to be <0.5 cm from the ZT in
46.1% of grade 3 ZTs (Table 3, Figure 5).

4. Discussion

This prospective series of total thyroidectomies revealed that
ZT was recognizable in majority of patients, as a landmark for
locating both the SPG and RLN during the operation. ZT was
predominantly unilateral with a predilection of a right-sided
location in most of cases, and considered to be grade 2 in nearly
half of patients. RLN was found to lie medial to ZT primarily.
SPG was found to be in close proximity to ZT in most of
patients, and the possibility of locating it nearby the ZT was
increased by the advanced grade of ZT.

There is vast heterogeneity in the incidence of ZT reported in
which ranges from 7.0% to 90%
thyroidectomy series depending on the geographical, genetic or

literature, in different
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FIGURE 2

The course and position of superior parathyroid gland relative to Zuckerkandl's tubercle (ZT) as an anatomical landmark. Class 0 (2 cm from the ZT), Class
1 (1-2 cm from the ZT), Class 2 (0.5-1 cm from the ZT) and Class 3 (<0.5 cm from the ZT).

TABLE 1 Patient demographics and thyroidectomy indications.

Age (year), mean (min-max) 45.6 (18-78)
Gender, n (%)

Female 320 (76.2)
Male 101 (23.8)
Thyroidectomy indications

Benign 130 (30.9)
Colloid goiter 27 (6.4)
Multinodular goiter 75 (17.8)
Adenoma 28 (6.7)
Malignant 291 (69.1)
Papillary carcinoma 231 (54.9)
Follicular neoplasia 35 (8.3)
Hurtle cell carcinoma 18 (4.3)
Medullary carcinoma 7(1.7)

ethnic factors as well as the use of accurate methodology in
searching ZT during thyroidectomy (14, 17, 22, 23, 27-30). In
our series, ZT was recognizable in majority (90%) of cases
supporting its consideration of a constant landmark in locating
RLN and SPG (14, 22, 23). Notably, in line with consistently
reported predominance of grade 1-2 ZTs (18%-90%), nearly half
of ZTs identified in our patients were grade 2 (<1 cm), which
seems to emphasize the necessity for the surgeon’s meticulous
seeking and active effort to recognize ZT during the dissection
(16, 17, 20, 21, 22, 23, 30-32).

Frontiers in Surgery

TABLE 2 Presence, grading and laterality of Zuckerkandl’s tubercle.

Zuckerkandl’s tubercle characteristics

Grading (n=421), n (%)

Grade 0 (unrecognizable) 41 (9.7)

Grade 1 (slight thickening of lateral edge of thyroid lobe) 96 (22.8)
Grade 2 (less than 1 cm) 195 (46.3)
Grade 3 (more than 1 cm) 89 (21.1)
Laterality (n=380), n (%)

Unilateral 353 (92.9)
Left-sided 124 (35.1)
Right-sided 229 (64.9)
Bilateral 27 (7.1)

In fact, the size of ZT is considered to be dependent not only
on the amount of remnant lateral process tissue, but also on the
pathology affecting the thyroid (17, 30, 33). The grade 3 ZT,
with a reported incidence of 14% to 55% in thyroidectomy
series, is suggested to be more commonly seen in enlarged
thyroid glands with multinodular goitre, and considered to be a
factor that can affect the completeness of thyroidectomy
especially in less-experienced hands (14, 18, 20-24, 30). In this
regard, the incidence of grade 3 ZTs (21.1%) in our patients
seems consistent with the predominance of thyroidectomies
performed for the malignant rather than benign indications in
our series.
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FIGURE 3
Zuckerkandl's tubercle grading in total thyroidectomy patients.

TABLE 3 The relationship between SPG and ZT overall and by the ZT grading (n = 380).

Total (n=380)

Zuckerkandl’s tubercle grade

Grade 1 (n=96)

Grade 2 (n=195) Grade 3 (n=89)

The distance of SPG from the ZT, n (%)

Class 0 (>2 cm from the ZT) 38 (10.0) 20 (20.8) 11 (5.6) 7 (7.9)

Class 1 (1-2 cm from the ZT) 89 (23.4) 35 (36.5) 51 (26.2) 3(3.4)

Class 2 (0.5 to 1 cm from the ZT) 177 (46.6) 28 (29.2) 111 (56.9) 38 (42.7)
Class 3 (<0.5 cm from the ZT) 76 (20.0) 13 (13.5) 22 (11.3) 41(46.1)

SPG, superior parathyroid gland; ZT, Zuckerkandl's tubercle.

The predominantly unilateral location of ZT along with a two-
fold higher incidence of right-sided vs. left-sided ZT (64.9% vs.
35.1%)
thyroidectomy series indicated unilateral location of ZT in

in our patients support the data from previous
majority of patients along with a higher incidence on the right
side (17, 21, 23, 26, 30-32). Likewise, in a series of 173 thyroid
lobectomies from Turkey, ZT was reported to be recognizable in
734% of cases (grade 2 in 53.2%), and to be detected more
frequently on the right vs. left side (78.2% vs. 68.6%) (17). In
another study from Turkey in total and hemithyroidectomy
series of 60 and 40 patients, respectively, ZT was identified in
66% of patients, and more commonly on the right vs. left side
(61% vs. 38%) (21). The embryological difference of the two
sides in relation to pharyngeal arches is considered to account
for the more common presence of ZT on the right side, while
the right-sided TZ is also suggested to be more consistently
present in the setting of total thyroidectomy rather than the
thyroid lobectomy (17, 32).
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Theoretically, the ZT is considered to separate the parathyroid
glands into the superior parathyroids and inferior parathyroids,
and thus to serve as a pointer to SPG in thyroid surgery practice
(18, 20, 30). In the current study, SPG was found to be in close
proximity to ZT in most of patients, and the possibility of a
closer relationship increased by the advanced grade of ZT.
Similarly, in a study with 30 total thyroidectomy patients (10
with malignancies), SPG was found to be closely associated with
ZT in majority of cases along with a strong relationship between
the proximity of two structures and the ZT grade, indicating that
the higher the grade of ZT, the closer the SPG to ZT (22). Also,
study with 325 (315 with
malignancies), the authors noted that the smaller the size of ZT,
the greater the distance between ZT and SPG (14).

Knowing that the SPG is more likely to be located in close

in a thyroidectomy patients

proximity to a larger ZT seems to be a valuable information
enabling the surgeon to take extra care when performing
dissection around a larger grade ZT to preserve SPG (14, 22).
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FIGURE 4
The relation between superior parathyroid gland and Zuckerkandl's tubercle in total thyroidectomy patients.
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Besides having a close proximity to the SPG, the larger ZT is also
considered to make surgical dissection challenging at posterior site
of the lateral lobes around the RLN and the inferior thyroid artery
(21, 34).

The position of RLN relative to ZT in our patients support that
RLN presents medial to ZT in majority of cases (80%-90%) and
lies laterally in up to 10% (17, 20-22, 31, 35). Hence, ZT is
considered a constant landmark pointing to the RLN, allowing
easy identification of the nerve before it turns below the inferior
cricothyroid articulation, if a careful and meticulous dissection is
carried out around the ZT (17, 18, 23).

Majority of ZTs were unilaterally located in our series and was
right-sided in most of cases. Nonetheless, ZT is considered a useful
landmark to identify RLN bilaterally in studies reporting a higher
incidence of bilateral ZTs (15%-25%, or even up to 90%) and/or
equal incidence of right-sided and left-sided ZTs (14, 20-23). In
addition, it should be noted that in thyroidectomies performed
for malignant indications, RLN isolation may be challenging if
the tumor extends to the ZT.

Albeit not detected in our series, NRLN is considered a rare but
important anatomic variant associated with the five to six times
higher risk of permanent nerve lesions in thyroid surgery (5, 6, 8).
Indeed, the use of intraoperative neuro-monitoring (IONM) as
an adjunct visual identification in thyroid surgery has been
recommended, given that it allows the surgeon to recognize and
differentiate true branches of RLN from sympathetic anastomoses,
as well as the NRLN, during surgery (8, 36).

Overall, our findings indicate the utility of ZT as a reliable and
constant anatomical landmark pointing to the RLN and the SPG
risk of
inadvertent injury to the RLN as well the parathyroid injury

during thyroidectomy, enabling to minimize the
(14, 17, 18, 21-27, 37). The careful and meticulous dissection
around the tubercle thorough knowledge of the anatomy and
embryogenesis of the thyroid gland is mandatory for safety of
thyroid operations, given that the constant relationship of ZT
with RLN and SPG may also cause a potential hazard for nerve
and gland, or the presence a large ZT may also increase the risk
in the hands of
inexperienced surgeons (1, 17, 18, 20, 21, 38, 39).

insufficient surgery and complications,

5. Conclusion

In conclusion, this prospective single-surgeon thyroidectomy
series study indicates the likelihood of localizing the RLN medial
to ZT, and the SPG in close proximity to ZT during total
thyroidectomy operations. Hence, the ZT can be used as a
reliable and constant landmark to localize both the RLN and the
SPG, which enables minimizing the risk of iatrogenic injury to
RLN while ensuring a parathyroid-sparing surgery with shorter
operative time. Importantly, thyroid surgeons should have
knowledge of thyroid
embryogenesis and should follow a careful and meticulous

complete gland anatomy and

approach particularly for dissections around larger ZTs, given the
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increased likelihood of the SPG and the RLN to be in close
proximity.
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