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ORIGINAL RESEARCH
HEAD & NECK

Zuckerkand| Tubercle of the Thyroid Gland: Correlations
between Findings of Anatomic Dissections and CT Imaging

H.-J. Won, "“H.-S. Won, “D.-S. Kwak, “¥J. Jang, ““'S.-L. Jung, and “*'I.-B. Kim

ABSTRACT

BACKGROUND AND PURPOSE: The Zuckerkand! tubercle is located at the posteromedial border of the thyroid lobe, and it may be
confused with a neoplasm or other mass. This study was performed to clarify the position and morphologic characteristics of the
Zuckerkandl tubercle by dissecting cadavers and to compare the findings with the corresponding CT images obtained in the same cadavers.

MATERIALS AND METHODS: One hundred thyroid lobes from 50 fresh cadavers were dissected for this study (20 males and 30 females;
mean age at death, 77.3 = 11.5 years). CT scans were obtained in 10 of the cadavers by using a 128-channel multidetector row CT scanner
before dissection.

RESULTS: The Zuckerkand| tubercle of the thyroid gland was observed in 83% of the specimens. It was mostly located at the posteromedial
border of the thyroid lobe and within the middle two quarters (2nd and 3rd) of the thyroid lobe. The Zuckerkandl tubercle was classified into 3
types based on its direction of extension: posteromedial in 64% of the specimens, posteromedial and superior in 13%, and posteromedial and
inferior in 6%. On axial CT, the Zuckerkand| tubercle was usually continuous with the posteromedial part of the thyroid lobe and extended
posteromedially to the esophagus. The parts of the Zuckerkand| tubercle that protrude posteromedially and superiorly or posteromedially and
inferiorly from the thyroid lobe appeared separated from the thyroid gland by a thin, low-density string on axial CT.

CONCLUSIONS: Zuckerkand! tubercles that protrude toward the posteromedial and superior or inferior direction could cause confusion
due to their separation when performing diagnoses with CT images.

ABBREVIATION: 7T = Zuckerkandl tubercle

uckerkandl" described a posterior projection of the thyroid

lobe as the Zuckerkandl tubercle (ZT). The anatomic corre-
lations of the ZT with the recurrent laryngeal nerve and the
superior parathyroid gland were reported by Gilmour,” but this
structure subsequently received little attention. Following the de-
scription of the ZT as a constant anatomic landmark of the recur-
rent laryngeal nerve and its classification into 4 grades according
to its size,” the topographic anatomy of these structures and the
grading of the ZT have been studied both in patients during sur-
gery”® and in cadavers.”'? ZT has mostly been defined as a pos-
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terior or lateral projection or a projection from the posterolateral
border of the thyroid lobe in previous studies, but it was recently
reported as a posteromedial projection in a normal anatomic po-
sition."" The lateral lobe of the thyroid gland is medially retracted
to find the ZT during the surgery, which could be responsible for
the differences in the position and shape of the ZT relative to a
previous study that investigated fresh cadavers."'

Most ZTs extend into the tracheoesophageal groove or pos-
terior to the esophagus.®'' Failing to remove the ZT in its
entirety during total thyroidectomy may result in persistent

unrelieved symptoms or recurrence®'*"?

as well as persistent
radioiodine uptake on radioactive iodine scans.” An enlarged
ZT may increase pressure symptoms.”'*'> Sonography is
widely used for thyroid imaging, but CT is performed for nod-
ules or nodule-like regions of the thyroid gland. ZT may be
mistaken for a mass or lymph node on CT based on its mor-
phology, resulting in unnecessary biopsies or additional imag-
ing being performed.'’

The aims of this study were to clarify the position and mor-

phologic characteristics of the ZT by performing cadaver dissec-
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FIG 1. Location of the ZT and its superior and inferior borders according to the thyroid lobe (A) and the level of the tracheal rings (B). CC
indicates cricoid cartilage; TC, thyroid cartilage; Rt, right; Lt, left; Sup, superior; Inf, inferior.

tions and to compare these findings with CT images obtained in

the same cadavers.

MATERIALS AND METHODS

Cadavers

One hundred thyroid lobes from 50 fresh Korean cadavers were
used for this study (20 males and 30 females; mean age at death,
77.3 years; age range, 51-103 years), and 10 of these cadavers were
also used for CT imaging before dissection. No trauma-related
morphologic changes were observed in the specimens during the
dissection, and the medical histories related to thyroid disease were
unknown. Examination of the external appearance of the thyroid
glands revealed no enlargement, and pressure with the thumb and
index finger was applied to all ZTs for detecting nodules. Due to the
domestic law that cadavers must be donated and managed under an
informed consent and ethical process, the institutional review board
of our university has decreed that studies involving cadavers do not
need to be reviewed. All cadavers stored at Catholic Institute for Ap-
plied Anatomy qualified as materials for education and research ac-
cording to the domestic law.

Neck CT Scanning

CT was performed by using a 128-channel multidetector row CT
scanner (Somatom Definition AS; Siemens, Erlangen, Germany)
at 1-3 days after death. The neck of each cadaver was positioned in
the center of the coil gantry in a neutral position, and axial images
with a section thickness of 0.8 mm were obtained with following
parameters: FOV, 200 X 200 mm?; matrix, 512 X 512; tube voltage,
150 kV(peak); tube current—time product = 160 mAs. Two radiolo-
gists specializing in head and neck radiology read the CT images. One
is a professor with 30 years’ experience in clinical diagnosis and re-
search in head and neck radiology, and the other is a clinical fellow
with 10 years’ experience in clinical diagnosis and research.

Dissection

Thyroid glands were exposed after skin, platysma, and the stern-
ocleidomastoid and infrahyoid muscles were sequentially re-
moved. Then, each thyroid gland was removed with the trachea
and esophagus en bloc by cutting above the thyroid cartilage, and
it was immersed in fixative that included 5% formalin for 5 days.
This produced a soft-state thyroid gland, which was then dissected.

Theborders of the thyroid lobe and the direction of the projected part
of the ZT were observed in their normal anatomic positions. Four
thyroid glands with the trachea and esophagus were serially sectioned
transversely at 2-mm intervals, and 2 of these were stained with he-
matoxylin-eosin to allow comparisons of the ZT tissues and those of
the thyroid lobes. Cadaver dissection was performed by 5 anatomists
specializing in human gross anatomy, and one of them, also special-
izing in histology, confirmed the histologic images. Three anato-
mists, including the corresponding author, are professors, and the
other 2 anatomists are research fellows in the Department of Anat-
omy. All of the anatomists involved in the dissection have 10 to 50
years” experience in anatomic research. The pathologic conditions of
the ZTs were confirmed by a pathologist, also a professor in the De-
partment of Pathology, who has a board certification in pathology in
the Korean Medical Association.

RESULTS

Dissected Specimens

The ZT of the thyroid gland was observed in 83% of the 100
thyroid lobes (40% left and 43% right; 34% male and 49% fe-
male), and it had no nodule. The ZT was located at the postero-
medial border of the thyroid lobe in 77 specimens; in the other 6
specimens, it was identified at the posterior surface near the pos-
teromedial border of the thyroid gland. The locations of the ZT
and its superior and inferior borders was checked relative to the
thyroid lobe (Fig 1A) and the level of the tracheal rings, respec-
tively (Fig 1B). When the full longitudinal length of the thyroid lobe
was divided equally into 4 parts, the ZT was found in =2 parts in 62%
of the specimens: 2% in parts I-III, 38% in parts II and III, and 22%
in parts III and IV. The ZT was located only in parts II, IT], and IV in
2%, 18%, and 1% of the specimens, respectively. The superior border
of the ZT was most frequently located on the inferior border of the
cricoid cartilage (48% of the specimens), followed by the first tracheal
ring (25%). The inferior border of the ZT was most frequently found
at the level of the third tracheal ring (34%), followed by the fourth
(23%) and second (16%) tracheal rings.

The ZT was classified into 3 types based on its direction of exten-
sion: posteromedial in 64% (31% left and 33% right), posteromedial
and superior in 13% (9% left and 4% right), and posteromedial and
inferior in 6% (only on right side) of the specimens (Fig 2). The long
axes of the posteromedially and superiorly or inferiorly extended ZTs
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FIG 2. Types of ZTs based on the direction of extension: posteromedial (A), posteromedial and
superior (B), and posteromedial and inferior (C). D, A specimen with an uneven ZT surface, which
divides into 2 parts due to a deep groove (arrowhead) representing impressions of the blood
vessels. Arrows indicate the ends of ZT extensions. Es indicates esophagus; PThG, parathyroid

gland; Tr, trachea.

A

FIG 3. Comparison of ZT on axial CT (A), cross-sectional (B), and histologic (C) images of the same
specimen. The ZT (arrows) is continuous with the posterior part of the thyroid lobe, extends
posteromedially toward the posterior end of the esophagus, and is compatible with the other
areas of thyroid tissue in the microscopic finding. LB indicates lateral border of the thyroid lobe;

Es, esophagus; ThG, thyroid gland; Tr, trachea.

were angled at a mean of 20.0° £ 11.6° and 24.2° = 13.1° relative to
the thyroid lobes, respectively. The surface of the ZT was uneven in
22% of the specimens, which had 1 (14%), 2 (7%), and 3 (1%) deep
grooves representing impressions of the blood vessels (Fig 2D). The
microscopic findings of ZT's were compatible with the other areas of
thyroid tissue (Fig 3C).

CT Findings
The ZT was observed in 14 of 20 thyroid lobes on axial CT images
and was similarly identified in all the specimens when dissected.
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The ZT was usually continuous with the
posterior part of the thyroid lobe and ex-
tended posteromedially (n = 10) toward
the tracheoesophageal groove or poste-
rior end of the esophagus (Fig 3). Cases
in which the ZT extended to the postero-
medial and superior (n = 3) or inferior
(n = 1) direction from the thyroid lobe
were also detected in the series of axial CT
images (Fig 4). When the ZT extended
posteromedially and superiorly, it could
be seen separately from the thyroid lobe in
the upper level of the CT image, with the
space between these structures appearing
as a thin, low-density string. This string
was not evident on the lower level of the
CT image, where the ZT root merged with
a thyroid lobe. When the ZT extended
posteromedially and inferiorly, both itand
the thyroid lobe were evident continu-
ously in the upper level of the CT image,
while the thin, low-density string ap-
peared between them in the lower level of
the CT image.

DISCUSSION

Most studies have found the incidence
of ZT to lie within the range of 59%-—
87%,>H¢7 0 LISIG17 byt there is 1 re-
port of a very low incidence of 7%."®
Most investigators have detected the ZT
more frequently in the right thyroid
lobe.”'®171%20 In the present study, the
ZT was identified in 83% of the speci-
mens, which is consistent with the inci-
dence range reported by most authors,
and it was also observed more frequently
on the right side but with no sex
difference.

The lateral lobe of the thyroid gland
is retracted medially during thyroid sur-
gery to reveal the ZT in the lateral aspect.
Thus, the ZT might have been regarded
as a lateral projection or a projection
from the posterolateral border of the
thyroid lobe for a long time.”*'®'
However, its shape and position can dif-
fer according to the extent of thyroid
lobe retraction and in excised thyroid
lobes because of the softness of the thyroid gland.'' No lateral
projection could be seen in previous anatomic studies reporting
morphologic variations of the anterior view of the thyroid gland
involving 60 white,”' 105 Indian,** and 168 Korean® cadavers.
Recently, Won et al'! proposed descriptive terms for more accu-
rate portrayal of the anatomic location and orientation of the ZT.
The lateral border of the thyroid gland was defined as the most
lateral margin of the anterior aspect of the thyroid in the anatomic

position. The posteromedial border was defined as the margin



FIG 4. ZTs protruding posteromedially and superiorly (left side) and posteromedially and inferi-
orly (right side) in both thyroid lobes of the same cadaver, and their shapes on axial CT images at
different levels. Arrowheads and arrows indicate the ZT and the slit between the ZT and the
thyroid lobe, respectively. PThG indicates parathyroid gland.

FIG 5. Comparison of clinically acquired axial CT images between the ZT appearing discon-
tinuous from the thyroid gland and as a separate nodule or lymph node. A, Contrast-en-
hanced CT scan of a 33-year-old male patient who had undergone neck CT for work-up of
lymphoma. There is a bulging structure (arrow) at the posterior aspect of the right thyroid
lobe, and a fat plane between this structure and the thyroid lobe. The bulging structure
protrudes toward the posterior and medial direction. The fat plane is not evident at the
lower level of the CT image (B), which means that the bulging structure is a ZT protruding in
the posteromedial and superior direction. C, Contrast-enhanced CT scan of a 65-year-old
female patient who had hyperparathyroidism. An oval nodular lesion (arrowhead) separated
from the thyroid gland with a fat plane is seen posterior to the right thyroid lobe and is
protruding in the posterior and lateral direction. This nodule is suggested to be a parathyroid
adenoma or hyperplasia in the delayed image of the parathyroid scan (D).
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that exhibits the greatest projection to-
ward the trachea or esophagus. This
formed an angle on CT images through
the isthmus of the thyroid gland. The
posterior surface was between the lateral
and posteromedial borders of the thy-
roid lobe. The posterolateral border was
identifiable only in cases of compression
by the common carotid artery in trans-
verse sections of fixed cadavers and CT
images. According to these terms, the
ZT was mostly identified as a posterior
or posteromedial projection at the pos-
teromedial border of the thyroid lobe in
anormal anatomic position. In the pres-
ent study, the ZT also was not observed
in the anterior view of the thyroid gland
and was located at the posteromedial
border of the thyroid lobe or posterior
surface near the posteromedial border of
the thyroid lobe.

The thyroid lobes are approximately
conical and about 5 cm long. Their as-
cending apices diverge laterally to the
level of the oblique lines on the laminae
of the thyroid cartilage, and their bases
are at the level of the fourth or fifth tra-
cheal cartilage.”* The ZT was usually
found at the middle third of the thyroid
lobe in previous studies™® but was
mainly observed within the middle two
quarters (2nd and 3rd) of the full longi-
tudinal length of the thyroid lobe in the
present study (Fig 1A). Its superior bor-
der was mainly located on the inferior
border of the cricoid cartilage (48%),
whereas its inferior border was diversely
found at the levels of the second (16%),
third (34%), and fourth (23%) tracheal
rings (Fig 1B).

The shape of the ZT was previously
described as sessile (56.4%) or peduncu-
lated (23.1%) in 195 dissected thyroid
lobes gained from 107 thyroidecto-
mies,'® and the nodular-shaped ZT hav-
ing a narrow neck or stalk from the pos-
terior border of the thyroid lobe was
reported as the most common, occur-
ring in more than one-third of the CT
scans of 96 patients.'” ZT has previously
been defined on axial CT images as the
part of the thyroid gland extending
posteriorly to the tracheoesophageal
groove, and the nodular-shaped ZT
could appear discontinuous from the
thyroid gland. When the ZT had a nod-
ular shape and particularly when the low
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neck was compromised by streak artifacts from the shoulders, it
could be mistaken for a mass or lymph node."”

ZT can also be confused with a parathyroid adenoma, espe-
cially in patients with primary hyperparathyroidism. In a previous
report reviewing primary hyperparathyroidism,”” there were
some cases in which the findings of a diagnostic imaging study
such as [''C]methionine PET/CT were positive but the surgeon
could not locate the adenoma during the operation. We believe
that some of these cases might have resulted from confusion of the
ZTs with parathyroid adenomas. Theoretically, ZT has been de-
scribed as the anatomic structure that separates the parathyroid
glands into the superior and inferior parathyroid.” Additionally, a
previous report showed that the abnormal inferior parathyroid
glands were more common than the abnormal superior glands in
¢ We believe that these ana-
tomic characteristics and statistical results should be considered

810 parathyroidectomies reviewed.

when examining for parathyroid adenoma in patients with pri-
mary hyperparathyroidism.

In the present study, ZT usually appeared continuous with the
posterior part of the thyroid lobe on axial CT and extended pos-
teromedially toward the tracheoesophageal groove or posterior
end of the esophagus (Fig 3B). ZT was also confirmed as being one
part of the thyroid gland pathohistologically (Fig 3C), which im-
plies that the ZT can be identified by gross inspection. However,
none of the ZTs had a stalk, and they all protruded directly from
the thyroid lobe. ZT extending to the posteromedial and superior
or inferior direction could only appear discontinuous from the
thyroid gland on axial CT images (Figs 4 and 5A); this appearance
might result in it being confused with a separate nodule, lymph
node, or parathyroid adenoma (Fig 5C).

CONCLUSIONS

This study has revealed the diverse positions and morphologies of
the ZT based on anatomic dissections, which are also confirmed
in the corresponding CT images. The information obtained in
this study is expected to be helpful for reducing confusion be-
tween the ZT and other structures when performing diagnoses
with CT.
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