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SURGICAL IMPORTANCE OF THE PARATHYROID GLANDS’ ANATOMICAL RELATION-
SHIPS (Abstract): Acute and chronic parathyroid insufficiency syndromes are ones of the most 
common complications after total thyroidectomy. Preservation of the parathyroid glands (PGs) and 
their vascularity is essential in preventing the hypoparathyroidism after thyroidectomy. The location 
of the PGs varies widely as a result of different degree of migration during embryological develop-
ment. A basic knowledge of the embryologic development and the anatomical relationships of the 
parathyroid glands is very important for the detection of the parathyroid glands in normal or unu-
sual location. Using capsular dissection and ligating the tertiary branches of the inferior thyroid 
artery on the gland surface during thyroidectomy, we can identify and preserve the parathyroid 
glands, along with their blood supply. In this paper we describe the anatomical relationships of 
the PGs and the location variability, emphasizing on the importance of understanding the surgical 
anatomy of the PGs to the performance of safe thyroid surgery. Key-words: HYPOPARATHY-
ROIDISM, CAPSULAR DISSECTION, THYROIDECTOMY, TERTIARY BRANCHES OF IN-
FERIOR THYROID ARTERY, PARATHYROID GLANDS

INtROductION
The parathyroid glands were first identified 

by Sir Richard Owen in the Great Indian Rhi-
noceros in 1850 (1). They were identified in 
humans by Ivar Sandstrom, a Swedish medical 
student, in 1880 (2). The first parathyroidec-
tomy was reported by Felix Mandl in 1929, 30 
years prior to the isolation of the human para-
thyroid hormone (3).

The PGs derive from the endoderm of the 
third and fourth pharyngeal pouches. The en-
docrine function of the PGs is the production 
of the parathyroid hormone, which controls the 
distribution of calcium in the bloodstream. In 
general, the PGs are paired, superior and infe-
rior glands for a total of four, although the 
literature reviews describe up to 13% incidence 
of supranumerary glands. The diameter of the 
glands is about five millimetres, and they are 
situated in the fibro-conjunctive tissue on the 
posterior aspect of the thyroid gland. The PGs 

have anatomical relationships with the recurrent 
laryngeal nerve (RLN) and inferior thyroid ar-
tery (ITA) (fig. 1). The superior PGs are usu-
ally dorsal to RLN, and the inferior lie ventral 
in relationship with the RLN.

The location variability of the PGs is very 
high, due to the different degree of migration 
during embryologic development. Bilateral sym-
metry was described, higher for the superior 
PGs (up to 80%) than for the inferior PGs (up 
to 70%). The most common area, anatomical 
norm (AN), where we can find the PGs, is 
defined as a circumscribed area of 2 cm in 
diameter, 1 cm cranially from the intersection 
of the ITA and the RLN (fig. 2). Other possible 
ectopic localizations of the PGs are: close to 
ITA emergence, the parapharyngeal and paraoe-
sophageal spaces, under capsule of the thyroid 
gland, in the cervical extension of the thymus, 
in the mediastinal fat and the thyrothymic liga-
ment.
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SuRGIcAL ANAtOmy
A good knowledge of the parathyroid anat-

omy is critical to the performance of a safe 
thyroidectomy, with a minimal risk of PGs in-
jury. Great attention needs to be paid to iden-
tifying ectopic or unusually located PGs.

The superior parathyroid glands originate 
from the fourth pharyngeal pouch and they at-
tach to the posterior surface of the thyroid, 
which migrated caudally. Their location is more 
predictable due to the shorter migrating dis-
tance than the inferior PGs. The Tubercle of 

Zuckerkandl is anatomically and embryologi-
cally related to the superior PGs, therefore it 
is an anatomical landmark for their discovery 
(fig. 3). They are usually found posteriorly at 
the level of the upper two – thirds of the thyroid, 
above 1 cm of the crossing point of the RLN 
and the ITA. Ectopic superior PGs are rare 
(1%) and can be found in the retropharyngeal 
and retroesophageal spaces and in the thyroid 
parenchyma (5).

The inferior parathyroid glands have their 
origin in the dorsal wings of the third pharyn-
geal pouches. They join the thymus during his 
medial and caudal migration to his final posi-
tion in the mediastinum. Due to this long-dis-
tance migration, the inferior PGs can be found 
anywhere from the proximal neck down to the 
pericardium. Their most common location is 
on the posterolateral surfaces of the lower pole 
of the thyroid (fig. 4), between the lower pole 
and the isthmus of the thyroid gland (42%), 
while another is within the thyrothymic liga-
ment in the proximity of the thymus (39%). 
Some other locations where we can find the 
inferior PGs, include the carotid sheath, lat-
eral to the thyroid gland and within the medi-
astinal thymic tissue and pericardium (2%) (fig. 
5) (6,7).

If we consider the RLN course in a coronal 
plane, the inferior PGs are found ventral to this 
plane and the superior PGs are usually found 
dorsal to the same plane.

The inferior thyroid artery (ITA) is the pre-

fig. 1. The inferior parathyroid gland and its 
relationship with the recurrent laryngeal nerve and 

the inferior thyroid artery – cadaver dissection

fig. 2. The inferior and superior parathyroid 
glands and their relative positions during surgery

fig. 3. The tubercle of Zuckerkandl and the 
superior parathyroid gland (retracted with clamp)
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dominant blood supply to the superior and in-
ferior PGs. Therefore, care must be taken to 
avoid damaging the main trunk of inferior thy-
roid artery by ligating only the tertiary branch-
es of the inferior thyroid artery, not to place 
both inferior and superior PGs at risk of is-
chemic injury. The technique of capsular dis-
section assures the conservation of the blood 
supply to the parathyroid glands by ligating 
only tertiary branches on the capsule and also 
allows the safe encounter of the recurrent la-
ryngeal nerve medial to the tubercle of Zuck-
erkandl and/or in the region of the ligament of 
Berry (8).

cONcLuSION
Acute and chronic parathyroid insufficiency 

syndromes are ones of the most common com-

plications after total thyroidectomy. Preserva-
tion of the parathyroid glands and their vascular 
supply is essential in preventing the hypopar-
athyroidism after thyroidectomy.

The wide range of the parathyroid anatomic 
variations make it difficult to predict a patient’s 
anatomy preoperatively, but a good understand-
ing of the significant embryologic variations in 
parathyroid anatomy can enable the surgeon to 
the minimalize the risk of parathyroid injury 
during thyroidectomy.

Sound knowledge of the anatomical princi-
ples and surgical guidelines is vital for minimiz-
ing the risk of iatrogenic hypoparathyroidism 
after thyroidectomy.

fig. 4. The inferior parathyroid gland posterior 
to the lower pole of the thyroid gland

fig. 5. Inferior parathyroid adenoma located 
inferior to the inferior pole of the thyroid gland.
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