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ANATOMY
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ectopic calcification as possible cause of Eagle syndrome
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ABSTRACT
Objective: To investigate the relationship between the presence of ectopic calcification in the
elongation of the styloid process (SP) and its possible clinical manifestation (Eagle syndrome) in
a population of kidney-transplant patients previously treated with hemodialysis.
Methods: Digital orthopantomography of 92 kidney-transplanted patients and 68 control subjects
were analyzed to measure the length of SPs. Calcium, phosphate, alkaline phosphatase, and
parathyroid hormone (PTH) blood levels were also available for comparison.
Results: The mean length of SPs was significantly different between groups, as were phosphate
and PTH values.
Discussion: Renal transplant patients who have been treated with hemodialysis present elongated
SPs, presumably due to alterations in phosphate balance and PTH levels. Thus, in cases of orofacial
pain in patients with a history of altered bone metabolism, particularly when due to renal
insufficiency, Eagle syndrome should be suspected as the main cause of symptoms.
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Introduction

Eagle syndrome is an uncommon clinical manifestation
of an elongation of the styloid process (SP) character-
ized by pain in the anterolateral region of the neck
often with referred pain to the ear and sensation of
a foreign body inside the pharynx region that prompts
frequent swallowing, dysphagia, dysphonia, and persis-
tent sore throat [1,2].

An elongated SP can be found in 4% to 7.3% of the
population, representing a rare condition that, in most
cases, appears bilaterally [3,4]. When the calcified stylo-
hyoid ligament is included, the prevalence increases to
28%, 33% or 78% [4–6]. The elongated SPs that cause
symptoms are even less common; it has been estimated
that approximately 4% to 10.3% of patients with an
elongated SP present pain [7]. Although SP elongation
appears bilaterally in most cases, bilateral symptoms are
uncommon, and the patient generally presents with
unilateral orofacial pain [8]. Eagle syndrome occurs
mostly in women, and the anatomic variant of the
stylohyoid complex is usually found in the elderly

female population [9]. This predisposition is greater in
patients between 60 and 79 years of age.

Although the mean length of the SP in the population
ranges from 1.52 to 4.77 cm [10], Keur et al. suggested
that if the ossified portion that appears on radiograms is
longer than 30 mm, it could be considered an elongated
process [11]. As reported by Thot et al. [12], while length
of SP is indeed a risk factor, positional variations in
orientation (both anteriorly and medially) of the SP are
also critical in Eagle syndrome presentation.

Diverse etiologic theories and pathogenic mechan-
isms associated with this condition are found in the
literature [7,13–15]. Among these, the ossification of
the stylohyoid complex has been associated with var-
ious systemic conditions characterized by altered cal-
cium and phosphorus metabolism, such as end-stage
renal disease (ESRD) [16].

The aim of this retrospective case-control study was
to investigate the possible role of ectopic calcification
in the elongation of the SP in a population of kidney
transplant patients previously treated with
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hemodialysis for ESRD. The length of right and left SPs
and serum values of calcium (Ca), phosphate (P), alka-
line phosphatase (AP), and parathormone (PTH) were
measured and compared with those of a control
population.

Materials and methods

The study was carried out from March to September,
2016. The research was conducted in agreement with
the guidelines of the Helsinki Declaration, as revised in
1975, and approved by the local Ethics Committee
(Protocol n. 40/2010). Informed written consent was
obtained from each patient.

Transplanted patients (n = 169) followed at the
Department of Periodontology since the pre-
transplant hemodialysis period and 100 control
patients consecutively treated at the Dental
Emergency Department were initially recruited for
the study. Transplanted patients presenting comor-
bidities associated with possible dystrophic calcifica-
tion of the SP, such as previous trauma, scleroderma,
dermatomyositis, systemic lupus erythematous,
burns, neurological conditions, and myositis ossifi-
cans were excluded. In the control group, patients
affected by renal insufficiency, alterations of bone
metabolism, alteration in calcium and phosphate bal-
ance, or with conditions associated with ectopic cal-
cifications of soft and hard tissues were excluded
(data were collected both by medical history and by
the patient’s hospital dossier). In both groups, the
subjects with orthopantomographies (OPT) that did
not clearly show the SPs because of distortion or
superimposition of other anatomic structures were
excluded. Other clinical variables included age and
sex of the subjects and mean duration of dialysis for
treated patients.

Thus, the digital OPTs of 92 kidney transplant
patients (G1) and 68 control patients (G2) were ana-
lyzed to measure the length of the right and left SPs.

Serum values of Ca, P, AP, and PTH of G1 patients
were collected from the medical records archived at the
Division of Nephrology. Routine blood chemistries were
obtained every six weeks and every six months for PTH in
ESRD patients undergoing hemodialysis to monitor bone
metabolism homeostasis. In this study, the last available
values before kidney transplant were chosen, as this time
corresponds to the maximal period on hemodialysis.

Given the retrospective design of the study, the values
of Ca, P, AP, and PTH for G2 were not available and were
extrapolated, assigning to each patient the higher value of
the normal range for age and sex available from the

hospital laboratory (Ca 8.4–10.2 mg/dl; P 2.4– 4.1 mg/dl;
AP: 45–115 U/l; PTH: 10– 65 pg/ml).

Radiographic measurement of the styloid processes

All the OPTs were performed using a digital device,
Kodak 8000 (Kodak®, Rochester, NY, USA),140 kHz,
60–90 kV, 2–15 mA, an exposition time of 13.9 s, and
an image magnification factor of 1.27. The patient was
placed in an orthostatic position, with the Frankfurt
plane parallel to the floor.

Measurement of the SPs on OPT images were car-
ried out by the same operator (F.D.F.) with a dedicated
function of a dental management software (GSO for
Windows 7, Micromatica®, Verona, Italy) used for
medical records and radiographic dental images. The
operator was blinded regarding the groups (he was not
aware if the OPT belonged to a G1 or G2 patient).

The anatomic limits of the SP were considered its
apex (caudally) and the base of the internal acoustic
meatus (cranially) [17]. Two different techniques were
used for measuring the SP bilaterally. The first mea-
sured the length tracing a straight line from the apex to
the base of the SP (T1) (Figure 1), and the second
measured the SP tracing a curved line following its
anatomic profile from the apex to the base (T2)
(Figure 2). The decision to use two methods was

Figure 1. Right styloid process measured tracing a straight line
from the apex to its base (T1).

Figure 2. Right styloid process of the same patient measured
tracing a curved line following its anatomic profile from the
apex to the base (T2).
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based on testing the overlap of T1 and T2 in the
measurement of the SP on OPT and eventually inter-
cepting any statistically significant difference in the
length of SP measured using a straight or curved line.
The measurements (x) were then converted consider-
ing the image magnification (x/1.27). SPs longer than
30 mm were considered as elongated [11].

Statistical analysis

Data was processed using the SPSS software version
15.0 for Mac OS X (SPSS® Inc., Chicago, IL, USA).

Parametric methods were chosen after having tested
the normality of the data using a Shapiro–Wilk test and
the equality of variance among the datasets using
Levene’s test. The differences between groups in age
and gender distribution were tested using the t-test for
independent samples and the Fisher test, respectively.
The difference in length of right and left SPs between
T1 and T2 inside each group was analyzed using the
t-test for paired data. The difference of the length of
right and left SPs for T1 and T2 between groups was
tested with t-test for independent samples. The differ-
ence of the mean values of Ca, P, AP, and PTH
between groups was tested with t-test for independent
samples. The value of p < .05 was chosen as the level of
statistical significance (two tailed).

Results

G1 consisted of 92 patients, 25 females and 67 males, with
an age range of 30–85 years (mean 59.69 ± 13.65) andmean
dialysis duration time of 36.78 ± 27.86 months. G2 con-
sisted of 68 patients, 26 females and 42 males with an age
range of 38–87 years (mean 60.18 ± 13.36). No statistical
differences were found for gender distribution (p = .17;
Fisher test) and mean age (p = .82; t-test). Differences
between right and left SP measurements using T1 and T2
inside each group are shown in Table 1. The comparison
between groups regarding the length of the right and left

SPs measured with T1 and T2 and of Ca, P, AP, and PTH
values are described in Table 2.

Discussion

In the present research, a large population of kidney
transplant patients (G1) previously treated with hemo-
dialysis were studied to measure the length of SPs and
to detect alterations in Ca and P, which might be
associated with an elongation of SPs. In addition to
Ca and P, AP and PTH were also analyzed. AP is an
enzyme active in an alkaline environment at pH 8–10
that is able to hydrolyze phosphate groups bound to
inorganic substrates. AP promotes the primary miner-
alization and the bone remodeling. PTH is primarily
involved in bone metabolism according to its concen-
tration; at low levels, it leads to an increase of the bone
mass, while at high levels, it stimulates osteoclastic
activity with Ca mobilization from tissues and
a consequent increase in calcemia. Results of SPs mea-
surements and serum values were compared with those
of a control population (G2).

Two techniques were used tomeasure the length of the
SP on OPTs: T1 measured the length of SPs tracing
straight lines, and T2 measured the SPs tracing a curved
line. No differences were observed within each group
regarding the technique used (Table 1). The results sug-
gested that both T1 and T2 are useful methods for cor-
rectly measuring the length of SP. When comparing the
mean length of the right and left SPs between groups for
T1 and T2, a significant difference was found for each
comparison. As shown in Table 2, right and left SPs of G1
were about two times longer than SPs of G2. This finding
supports the hypothesis that a mechanism of ectopic
calcification developed in patients with a persistent altera-
tion of bone metabolism. The comparison of serum
values showed a statistically significant difference for

Table 1. Comparison of mean right and left SP lengths mea-
sured using T1 and T2 inside each group. The differences are
not significant (t-test for paired data).
Group T1 (mm) (SD) T2 (mm) (SD) p

G1 (n = 92)
Right SP 39.12 (10.20) 40.96 (10.59) 0.10
Left SP 40.15 (9.32) 41.89 (10.56) 0.22
G2 (n = 68)
Right SP 21.71 (8.11) 21.46 (8.19) 0.51
Left SP 21.23 (7.88) 21.41 (7.93) 0.90

SP: Styloid process; T1: Tracing 1; T2: Tracing 2; G1: Kidney transplant
patients; G2: Control patients; SD: Standard deviation.

Table 2. Descriptive statistics and comparison of mean SP
lengths and mean serum values of Ca, P, AP, and PTH between
groups (t-test for independent samples).

G1 (n = 92) G2 (n = 68) p

Age (years) (SD) 59.69 (13.65) 60.18 (13.36) 0.82
Gender (M/F) 67/25 42/26 0.17*
Hemodialysis (months) (SD) 36.78 (27.86) - -
T1 – right SP (mm) (SD) 39.12 (10.20) 21.71 (8.11) < 0.001
T1 – left SP (mm) (SD) 40.15 (9.32) 21.23 (7.88) < 0.001
T2 – right SP (mm) (SD) 40.96 (10.59) 21.46 (8.19) < 0.001
T2 – left SP (mm) (SD) 41.89 (10.56) 21.41 (7.93) < 0.001
Ca (mg/dl) (SD) 10.16 (0.88) 10.2 (0.0) 0.24
P (mg/dl) (SD) 5.42 (1.83) 4.1 (0.0) < 0.001
AP (pg/ml) (SD) 96.69 (62.87) 115 (0.0) 0.06
PTH (U/l) (SD) 268.11 (307.54) 65 (0.0) < 0.001

*Fisher test; SP: Styloid process; Ca: Calcium; P: Phosphate; AP: Alkaline
phosphatase; PTH: Parathyroid hormon; T1: Tracing 1; T2: Tracing 2; G1:
Kidney transplant patients; G2: Control patients; SD: Standard deviation.
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p (p < .001; t-test) and PTH (p < .001; t-test), while values
of Ca and AP did not present differences between groups.
However, it should be considered that serum concentra-
tion of the substances analyzed in G2 was extrapolated
from the normal range; to avoid an overestimation of the
differences with G1, the maximal possible values were
used. According to this observation, the measurement of
real values in the healthy population could bring out
a significant difference also for Ca and AP.

Murtagh et al. have provided a plausible explana-
tion regarding the etiologic theories associated with
the elongation of SPs and the manifestation of Eagle
syndrome [7]. The first is the theory of congenital
elongation of the SP due to the persistence of the
cartilaginous precursor; the second considers the cal-
cification of the stylohyoid ligament by an unknown
process; and the third suggests the growth of osseous
tissue at the insertion of the stylohyoid ligament.
Steinmann [15] proposed another list of theories to
explain the ossification: 1) the theory of “reactive
hyperplasia” when trauma activates the remnants of
the original connective and fibrocartilaginous cells;
2) the theory of “reactive metaplasia,” abnormal
healing following trauma that initiates the ossifica-
tion of the stylohyoid ligament; and 3) the theory of
“anatomic variance” without any recognizable
trauma. Camarda et al. [13] proposed a fourth theory
in the absence of evident radiographic ossification:
the theory of “aging developmental anomaly.” In
a recent review, Piagkou et al. [14] also posed
a genetic “dysendocrine theory” and the correlation
with rheumatoid disease.

Furthermore, the ossification of the stylohyoid com-
plex has also been associated with various systemic
conditions characterized by altered calcium, phos-
phorus, and vitamin D metabolism, such as ESRD
[16]. Disturbances in the Ca-P balance cause prolonged
stimulation of parathyroid glands with increased synth-
esis and release of PTH and secondary hyperparathyr-
oidism (SHP). This last condition causes skeletal
abnormalities known as renal osteodystrophy, which
is associated with vascular and other soft tissue calcifi-
cations [18]. Only a single case report found in the
current literature investigates the role of Ca and
P metabolism in the elongation of the SPs [19]. The
authors of this report concluded that ectopic calcifica-
tion or ossification due to the abnormality in Ca and
P metabolism might also have a role in the elongation
of SP. However, this hypothesis is based only on
a single patient.

As far as the authors know, the present study is the
first to analyze the role of ectopic calcification in the
development of elongated SPs in a large population
using the alterations of bone metabolism in ESRD as
a model.

Results highlight a strong association between
altered bone metabolism and elongation of SPs
explaining a possible pathogenic mechanism that
could lead to the development of Eagle syndrome.
However, results have to be used with caution due to
the limitations of the study. The research is retrospec-
tive and was based only on the radiographic and
laboratory findings, without considering the manifesta-
tion of clinical symptoms of Eagle syndrome, which is
rare, in spite of the prevalence of SPs. Furthermore, the
study analyzed the ossified stylohyoid complex without
differentiating elongated SPs from calcified stylohyoid
ligaments. Histological evaluations could clarify this
point. Finally, no correlation has been made with the
duration of the dialysis period, gender or age, factors
that can influence the extent of ossification of SPs.
Further studies are encouraged in this regard.

Conclusion

Within the limits of this study, it can be concluded
that:

● ESRD represents a good model for the study of
ectopic calcification in patients with systemic
alterations of bone metabolism, as suggested by
Sysman Y et al. [18];

● patients undergoing hemodialysis and with altera-
tions of P and PTH present bilaterally elon-
gated SPs;

● in case of orofacial pain in patients with proven
alteration of bone metabolism, elongation of the
styloid processes (Eagle syndrome) should be sus-
pected and considered as the main cause of symp-
toms during the differential diagnosis.
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