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Background: The purpose of this study was to describe a case of Eagle syndrome
(ES) and its related surgical treatment. Additionally, a literature review of different
surgical treatments was performed, with a particular focus on piezosurgery.
Methods: We describe a case of ES that was previously treated with an intraoral
approach and subsequently with a cervical surgical approach using piezosurgery.
A literature review of ES was conducted using Scopus and PubMed with specific
keywords.

Results: The first surgery, using an intraoral approach to remove the left styloid
process, was performed without symptom resolution. Subsequently, bilateral sur-
gery was performed using an extraoral approach. Only 11 articles were selected for
ES descriptions.

Conclusions: The literature has paid little attention to the use of piezosurgery
for ES. The most common treatments are medical management and surgical
approaches, including transoral and cervical techniques, with or without endo-
scopic assistance. Different surgical success rates have been reported. ES treatment
is complex and depends on the patient’s symptoms and anatomy. Piezosurgery is
a precise technique that minimizes the risk of damaging anatomical structures.
(Plast Reconstr Surg Glob Open 2025,13:¢6923; doi: 10.1097/GOX.0000000000006923;

Published online 22 July 2025.)

INTRODUCTION

The terms “Eagle syndrome (ES)” or “styloid syndrome”
refer to a wide spectrum of clinical symptoms caused by an
elongation of the styloid process and/or mineralization
(ossification or calcification) of parts or the entire stylohy-
oid ligament, either congenital or acquired.

ES was first described in 1652 by the Italian surgeon
Marchetti.'! In 1937, the American otorhinolaryngologist
W. W. Eagle provided a comprehensive description of
the syndrome, distinguishing 2 forms: classic styloid syn-
drome, usually following tonsillectomy or trauma, and
stylo-carotid artery syndrome, attributed to extracranial
impingement of the internal carotid artery by a deviated
and/or elongated styloid process.”

The styloid process projects anteriorly and inferiorly
from the temporal bone into the parapharyngeal space,
near the laterocervical compartment. It is closely associ-
ated with the stylopharyngeus, styloglossus, and stylo-
hyoid muscles, which play key roles in swallowing and
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mastication. The anatomical variations of the styloid pro-
cess can lead to a wide variety of symptoms.

Various surgical and pharmacological treatment
options are available for ES. However, treatment selec-
tion depends on the individual patient, and there is no
standardized approach. The proximity of the elongated
styloid process to vulnerable structures increases the risk
of neurovascular damage during surgical procedures.
Conventional osteotomy techniques do not always pre-
vent iatrogenic lesions,” whereas ultrasonic osteotomy
has emerged as potential alternatives due to its ability to
selectively cut mineralized tissues." Vercellotti et al® were
the first to describe a piezoelectric scalpel for clinical use.

Currently, no guidelines are available for ES treatment.
It is important that clinicians involved in ES management
consider various outcomes and provide comprehensive
evidence to support decision-making. Due to the limited
number of reports on ES treatment, conducting large-scale
clinical trials has been challenging. This highlights the dif-
ficulty clinicians face in selecting the most appropriate
treatment plan. Therefore, it is important to systematically
pool available data to guide clinicians and researchers.

This study presented a complex case of a young male
patient with bilateral ES, initially treated with unilateral
transoral styloidectomy, followed by a second operation to
perform bilateral transcervical osteotomy, both successfully
performed using a piezosurgery medical ultrasonic device.

This study aimed to review ES treatment, with a partic-
ular focus on piezosurgical stiloidectomy, which may have

Disclosure statements are at the end of this article,
following the correspondence information.

www.PRSGlobalOpen.com 1



technical advantages, safety, and improved success rates as
a practical treatment option.

MATERIALS AND METHODS

This study described a case of ES treated with intraoral
and extraoral approaches using piezosurgery. The patient
was treated at the Division of Maxillofacial Surgery,
University Hospital, Citta della Salute e della Scienza,
Turin, Italy. In addition, a literature review was conducted
on the different treatments of ES following the PRISMA
guidelines. The databases Scopus and PubMed were
searched using specific keywords.

CASE REPORT
A 32-year-old man presented with severe acute pain in
the left oral region upon mouth opening (Figs. 1, 2). The
pain was localized in the left oropharyngeal and retro-
mandibular regions. Abnormally voluminous styloid
ligaments were identified in the left and right tonsillar
fossa (Fig. 3).

Fig. 1. Frontal photograph.
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Takeaways

Question: What is the correct surgical treatment of Eagle
syndrome?

Findings: Our findings demonstrated that the treatment of
Eagle syndrome is closely related to patients' symptoms and
anatomy. Surgical treatments have different success rates.

Meaning: Piezosurgery is a safe and predictable proce-
dure for Eagle syndrome treatment with different surgical
approaches.

The patient showed no limitations in mouth opening,
with a maximal mouth opening of 45mm (Fig. 4).
Oropharyngoscopy revealed slight swelling just anterior to
the left anterior tonsillar pillar due to an abnormal styloid
process. Computed tomography (CT) scans confirmed
the presence of bilateral elongated stylohyoid ligaments
(Figs. 5, 6). The patient had been diagnosed with multiple
sclerosis in 2018.

Surgical treatment was performed under general anes-
thesia, with a partial excision of the left styloid process
using an intraoral approach with piezosurgery (Mectron
Medical, Carasco, Italy) (Figs. 7, 8). Postoperative follow-
up revealed favorable surgical results with subjective symp-
tom improvement.

Four months later, the patient experienced clinical
exacerbation of recurrent lipothymic episodes, general

Fig. 2. Intraoral photograph.

Fig. 3. Intraoral photograph of the left styloid process.
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Fig. 4. Oral opening.

Fig. 5. CT scan.

malaise, and dull left lateral cervical pain aggravated by
swallowing, radiating to the jugular and head regions. The
CT scan revealed no evidence of acute lesions.

Cardiological and neurological evaluation revealed no
related complications. Magnetic resonance imaging angi-
ography identified anatomical variants, including a dupli-
cation of the posterior cerebral artery.

At clinical examination, the patient was asymptomatic,
with a preserved mouth opening of more than 40 mm, no
pain, no palpable anomalies in the tonsillar pillars, and no
symptoms on manipulation of the retromandibular/sty-
loid region (Fig. 9).

In February 2024, an angio-CT study of the brain
and supra-aortic trunks revealed a lusorial artery with a
retroesophageal course and dominance of the left

Eagle Syndrome and Piezosurgical Treatment

Fig. 7. Intraoperative photograph.

vertebral artery (Figs. 10A, B). No clear conflicts
between the styloid processes and the arterial vessels
were observed. An imprint of the left internal jugular
vein was highlighted by the ipsilateral styloid process
(Fig. 10C).

The second surgery was performed under general
anesthesia. The right styloid process was exposed and
resected using piezosurgery, removing 35mm. This was
followed by exposure of the left styloid process and
removal of 20mm through a cervical approach (Fig. 11).
The patient reported improved subjective well-being with
the disappearance of symptoms.
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Fig. 8. Styloid process removal.
SYSTEMATIC REVIEW

Eligibility Criteria
Inclusion Criteria

Studies on different surgical treatments of ES were
included.

Exclusion Criteria
Non-English literature, editorials, and letters to the
editor were excluded.

Information Sources

PubMed and Scopus were searched from their incep-
tion to November 30, 2024. Case reports, reviews, system-
atic reviews, and meta-analyses were filtered out.

Search Strategy

The following keywords were used: “facial pain” OR
“transoral approach” OR “piezosurgery” OR “transcervical
approach” OR “intraoperative navigation” OR “styloidec-
tomy” AND “Eagle Syndrome” OR “elongated styloid pro-
cess” OR “styloid-carotid artery syndrome.”

Selection Process

Two reviewers (FF. and S.P.) independently searched the
databases using the eligibility criteria. Any disagreements in
the article selection were resolved either mutually or by con-
sultation with a third reviewer (E.Z.), whose decision was final.

Data Items

Data were collected from all included articles for the
following variables: year of publication, country of origin,
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Fig. 9. Postoperative photograph.

study type, patient age, different surgical approaches
(transoral and/or transcervical, transoral robotic sur-
gery), different surgical instruments (piezosurgery, sur-
gical saw, or drill), retreatments, surgical navigation,
3-dimensional planning, and follow-up period. Data
extraction was performed independently by 2 review-
ers (FF. and S.P.), with discrepancies resolved through
mutual discussion or third-party arbitration by reviewer
E.7Z.

Risk of Bias

The risk of bias was assessed using the Joanna Briggs
Institute critical appraisal checklist. Studies scoring 5 or
more of 8 checklist items were considered to have a low
risk of bias. Two reviewers independently applied the
Joanna Briggs Institute checklist, and any disagreements
were resolved by mutual agreement or by the decision of
the third reviewer.

Synthesis Methods
Data were analyzed using SPSS version 25.0.

Reporting Bias Assessment
Missing data were excluded from further analysis. The
certainty of evidence was assessed based on study design.

RESULTS OF THE SYSTEMATIC REVIEW

Study Selection
A total of 20 studies were identified in Scopus and 33
in PubMed. After screening, 18 studies were selected for
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Fig. 11. Resected right and left styloid processes.

full-text analysis. Of these, 11 studies were considered eli-
gible for inclusion and were included in the final review.
Additionally, 1 article specifically focused on piezosurgery
was selected. A flowchart of the included studies is shown
in Figure 12.

Study Characteristics

Lisan et al® suggested that pain in ES is often triggered
by cervical rotation, and intraoral palpation of the tonsils
is highly indicative of the condition. CT is essential for a
definitive diagnosis of ES. The study noted that medical
treatment is typically reserved for patients with contrain-
dications to surgery or those who refusal surgical inter-
vention. Both primary and secondary styloidectomy were
found to be effective in cases presenting with neurological
deficit.®

Badhey et al’ suggested that treatment strategies for
ES include medical management and various surgical
approaches.

Pagano et al® affirmed that ES has many clinical pre-
sentations as evidenced by the multitude of nonspecific
symptoms reported in the literature. The classic form of
ES is described as nerve compression leading to craniofa-
cial and cervical pain. Irritation of the sympathetic plexus

5



PRS Global Open © 2025

PubMed and Scopus.

53 potentially relevant articles identified on

35 articles excluded on the basis of title and

abstract

18 articles for full text assesment

7 articles excluded after full text evaluation

11 articles included

Fig. 12. PRISMA flow chart.

around the cervical segment of the internal carotid artery
can cause vertigo and syncope. In contrast, the vascular
form is caused by direct compression of the extracranial
internal carotid artery by the elongated styloid process,
resulting in transient ischemic attack or stroke, and some-
times in carotid artery dissection. The study suggested that
endovascular stenting of the internal carotid artery with
antiplatelet therapy is the best treatment strategy, followed
by surgical removal of the elongated styloid process to pre-
vent stent fracture.®

Sharifi and Kouhi’ emphasized that treatment selec-
tion, whether surgical or pharmacological, should be
based on the severity of the clinical presentation as the
most important factor.

Papadiochos et al'” confirmed that patients with ES
who are not properly diagnosed may receive ineffective
treatment. After a failed intraoral attempt results in an

elongated residual stump, it is appropriate to use a tran-
scervical approach for successful resection of the styloid
process."’

Kim et al'' affirmed that the differential diagnoses of
glossopharyngeal neuralgia are broad and should include
ES. In most patients, the effective treatment involves surgi-
cal excision or shortening of the styloid process."

Al Weited et al'* suggested that partial or complete tran-
soral surgical removal of the elongated stylohyoid ligament
is the preferred treatment option, because, as opposed to
the transfacial technique, it provides a safe approach with
decreased operative times and without facial scarring or
potential facial nerve injury. To overcome the poten-
tial disadvantages of limited exposure and visibility, an
endoscopy-assisted transoral approach can be used.'

Keirns et al'”” demonstrated in a systematic review
that transoral robotic surgery may be a safe and effective
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surgical approach for the treatment of ES, based on lim-
ited quality evidence.

Fitzpatrick et al'' similarly concluded that transoral
robotic surgery is a viable option, showing symptomatic
improvement with minimal blood loss.

Campisi et al”® reviewed data on robotic surgery and
reported that it offers reduced complication rates and
shorter hospitalization time, effective relief from symp-
toms, and satisfactory operative time. This makes the
procedure comparable with traditional transoral and tran-
scervical approaches. However, the study highlighted the
high cost of robotic surgery as a potential limitation."

Hoffmann etal'® affirmed that owing to the greatvariety
of nonspecific symptoms, the diagnosis of styloid carotid
artery syndrome is a common complication. Persistent
cervical and facial pain refractory to treatment combined
with radiologically proven elongation of the styloid pro-
cess is highly suggestive of styloid carotid artery syndrome.
In symptomatic cases, surgical removal of the elongated
styloid process, either via a transcervical or a transoral
approach, is the treatment of choice. Ultrasonic osteot-
omy may be the technique of choice owing to its ability to
preserve numerous vulnerable structures near the resec-
tion site. The authors paid attention to the use of piezo-
surgery as a safe and predictable surgical procedure.'

Results of Synthesis

Of the 11 studies selected, 6 made a comparison
between intraoral and extraoral surgical approaches. Two
studies focused on the cure and complication rates of dif-
ferent surgical procedures and developed a method to
predict which patients would respond well to surgical
management. Only 1 study has demonstrated the impor-
tance of a secondary transcervical surgical approach for
retreatment after intraoral first surgical failure. Three
studies have described transoral robotic surgery for ES as
safe and effective. One study focused on a case of ES
treated with piezosurgery and reviewed the literature
(Table 1).

Certainty of Evidence

Among the 11 included studies, 9 were reviews and two
were case reports. Thus, the level of evidence for this sys-
tematic review was high.

We describe the surgical removal of 2 styloid processes
in the same patient, first using an intraoral approach and
then using a transcervical extraoral approach. Both inter-
ventions were performed using piezosurgery.

The initial improvement in symptoms following the
first intervention highlights the short-term effectiveness
of intraoral piezosurgery. However, the recurrence of bra-
dycardia and dyspnea suggests that the intraoral approach
alone may not be sufficient for long-term symptom relief.
The resolution of symptoms after the second surgery sup-
ports the extraoral approach as a more definitive treat-
ment, aligning with previous literature.'’

Eagle Syndrome and Piezosurgical Treatment

The incidence of ES is estimated to be 4%-7.3% in the
general population.”” This is more common in women
older than 50 years of age. In most cases, ES is bilateral;
however, the symptoms are sometimes unilateral. There
is no difference in prevalence between the right and left
sides.”™ The normal length of the styloid process was
2.5-3 cm.

However, the etiology of ES remains unclear. About
one-third of patients have a history of tonsillectomy, den-
tal procedures, and blunt trauma. An abnormal stylohyoid
complex is reported.”” Previous trauma or inflammatory
processes can induce a proliferative reaction and granula-
tion tissue formation, leading to ossification or calcifica-
tion."” Calcium maintenance and osteoarthritic changes
have been postulated as predisposing factors for ES.”
Calcification of the styloid process can result in the com-
pression of adjacent structures such as the auriculotempo-
ral nerve, hypoglossal nerve, chorda tympani, facial nerve,
glossopharyngeal nerve, and lingual nerve that surround
the stylohyoid complex, internal and external carotid
arteries, and sympathetic nerves.*

The classic symptoms of ES are described as a for-
eign body sensation, dysphagia, and sore throat that were
observed before and after tonsillectomy.” Other symp-
toms included temporomandibular joint pain, otalgia and
odynophagia.”!

Transient ischemic attack, stroke, and Horner syn-
drome have all been reported in ES.* ES is also a risk fac-
tor for carotid artery syndrome.' Toothache, persistent
mouth ulceration, ear “popping,” tinnitus, and hearing
loss can be related to ES,* such as hypersalivation,?” dys-
phonia, and glossodynia.*

Otalgia, painful head movements, odynophagia, pha-
ryngeal pain, foreign body sensation, and cervicofacial
pain are the most common clinical manifestations of ES.*

The diagnosis of ES is based on physical examination.
Examination of plain radiographs of the skull and pan-
oramic radiographs confirmed an increased length of this
process.” CT with 3-dimensional reconstruction of the
skull is considered the gold standard.” It can be used to
define the angulation and length of the styloid process
and visualize the surrounding anatomical structures.”” In
the case of carotid artery dissection or stroke, CT angi-
ography can be useful in providing further information.”
Other imaging modalities included bone scintigraphy and
transoral ultrasonography.” Symptoms can be relieved by
injecting local anesthetic into the tonsillar fossa during an
elongated styloid process.”

Surgical and pharmacological treatments are options
for ES. Symptomatic patients can be treated either con-
servatively or surgically. Appropriate treatment should
be selected based on the severity of symptoms and
radiologic findings. Nonsurgical therapy may include
a combination of physiotherapy and local injections of
anesthetics, antidepressants, anticonvulsants, and anal-
gesics.” Some authors reported a multidrug method
using acetaminophen, tramadol, tianeptine, and gaba-
pentin, in addition to local injections of 1 mg mepiva-
caine/triamcinolone.’” Taheri et al*® showed an 80%
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Average  Average
Opera-  Lenght
Study Sample = Mean Age tion of Hospi- Follow-
Sources Design Size (Sex Ratio) Approach/Success Rate Complications Time tal Stay up
Hoffman  Review 1 49 M (NR)  Surgical (oral and cervical) Infection, bleeding, neuro- NR NR 18 mo
etal' and with piezosurgery/NR vascular damages in oral
case approach. Scar, facial and
report preauricular nerves dam-
ages in cervical approach.
Al Weited  Review 1 33 W (M:F,  Surgical (oral and cervical) Inception, restricted NR NR 6 mo
etal” and 1:2) endoscopic assisted/ NR operative field in oral
case approach. Scar, nerve
report damages in cervical
approach.
Badhey et  Review NR NR Medical, surgical (oral and Infection, bleeding, postop- NR NR NR
al’ cervical) /NR erative airway edema in
oral approach.
Facial paralysis (marginal
mandibular branch of the
facial nerve) in cervical
approach.
Kim et al'' Review 1 57M (NR)  Surgical (cervical) /NR Infection in oral approach.  NR NR NR
and Scar and more operative
case time in cervical approach.
report
Papadio-  Review 1 50 (M:F, Surgical (cervical after a Infection, bleeding, residue NR NR NR
chos et and 1:3) previous failed intraoral of styloid process, nerve
al' case attempt) /NR injury in oral approach.
report Scar, nerve injury (facial and
great auricular nerves),
more operative time in
cervical approach.
Lisan. et Review 460/128 49,5 Case series: medical 21.3%, Case series: none in oral, NR NR NR
al’ of case (NR)/45  surgical 78.7% (15.8% oral, 1.2% in cervical (3 facial
series/ (M:F, 2:1) 84.2% cervical) paresis).
case Success rate: medical Case report: 6.2% general
report 64.3%, surgical 91.8%
(95.8% cervical, 89.1%
oral)
Case report: medical
23.4%, surgical, 76.5%
(40.6% oral, 59.4%
cervical)
Success rate: general 87.5%
Fitzpatrick Review 21 49.3 (M:F, Surgical 100% (35% oral, None in oral, 14% in cervi- 98 min 0.7d NR
etal 1:5) 65% cervical) cal (cellulitis, trigeminal
Success rate 100% oral and neuralgia, cranial nerves
cervical XI and XII weakness
Pagano et Review 37 48,2 (M:F, Medical/100% CAD NR NR ly
al® 2:1) Surgical/45.9% mean
Sharifi et  Review NR NR (M:F, Medical/NR Paralysis of facial nerve NR NR NR
al’ 3:16) surgical/NR
Campisi et Review 17 52,2 (M:F, Surgical (oral)/59% Suture dehiscence on post-  68.8 min 2.1 days NR
al” 1:2) operative 4 d
Keirns et Review 19 54,1 (M:F, Surgical (oral) /100% Suture dehiscence on post- 65 min 2d NR
al 1:2) operative 4 d

CAD, carotid artery dissection; NO, no complications; NR, not reported.

reduction in symptom severity after 6 months of daily
administration of amitriptyline (10mg) and pregaba-
lin (75 mg). The results of a conservative treatment are
temporary.”'" Nonsurgical fracture of the styloid pro-
cess by transpharyngeal manipulation under local anes-
thesia has also been proposed; however, due to poor
long-term results and the potential risk of damaging the
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surrounding neurovascular structures, this procedure
cannot be recommended."

Surgery is often the gold standard of treatment for ES. The
elongated styloid process can be resected using both the extra-
oral (transcervical) and intraoral approaches under general
anesthesia. The location, degree of elongation of the styloid

process, and severity of symptoms are important factors in
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determining the most appropriate approach.” Owing to the
proximity of vulnerable structures, the use of ultrasonic oste-
otomy should be considered because of its ability to selectively
cut mineralized tissue and completely preserve soft tissue.*

The intraoral/transpharyngeal approach avoids both vis-
ible scars and the risk of damage to the marginal branch of
the facial nerve." In some cases, this surgical procedure may
be performed under local anesthesia with low morbidity."
A disadvantage of the intraoral approach is poor visualiza-
tion in the event of bleeding due to major vascular dam-
age, and an increased risk of deep cervical infection.”” The
intraoral approach should be selected only if the distal tip
of the styloid process can be palpated in the tonsillar fossa.*’
An increased risk of neurovascular injury has been observed
when a short stump of the styloid process remains.*"*

The extraoral/transcervical approach can only be per-
formed under general anesthesia. The risks of the proce-
dure are skin scarring and the potential risk of injuring the
marginal branch of the facial and preauricular nerves. In
cases where the hemorrhage can be properly controlled,*
this procedure decreases the risk of bacterial contamina-
tion and subsequent risk of cervical infection.*

Since the first description of ES, an association
between an elongated styloid process and clinical symp-
toms has been established. Patients with ES commonly
have a history of self-medication with analgesics and can
be distressed by their condition.

The results of this systematic review confirmed that
different surgical techniques have been used for ES treat-
ment. Only 1 review focused on piezosurgery using both
intraoral and extraoral approaches. Our case demon-
strates that ES surgery with piezosurgery combined with
an extraoral approach is useful to avoid recurrence and
neurovascular damage in cases of an elongated styloid
process. Piezosurgery is a safe and effective surgical pro-
cedure. The disadvantages of using piezosurgery include
surgeon training and increased surgical time to perform
surgery. Other surgical procedures may involve manual
instruments, such as osteotomes or Kerrison-Rounguer
forceps. In our study, we demonstrated the importance
of correct early diagnosis (clinical and radiological) and
adequate ES treatment.

The limitations of our study include the description
of a single patient treated with piezosurgery. Additionally,
this review focused on surgical treatment rather than con-
servative approaches, such as physiotherapy, local anes-
thetics, antidepressants, anticonvulsants, and analgesics
or any conservative treatment.

RECOMMENDATIONS

For Future Research

Clinical trials on different surgical approaches, outcomes,
and patient satisfaction are required to establish guidelines.
In addition, long-term follow-up is recommended.

For Practice and Policy
Regular checkups of the oral cavity and CT are com-
pulsory in cases of suspected ES.

Eagle Syndrome and Piezosurgical Treatment

The severity of clinical presentation is the most impor-
tant factor in determining the appropriate treatment.
Therefore, ES treatment should be tailored to each
patient’s symptoms. Piezosurgery with ultrasonic oste-
otomy of the elongated styloid process is a surgical tech-
nique used to preserve vulnerable uninvolved structures.
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