
Indexed and abstracted in Science Citation Index Expanded and in Journal Citation Reports/Science Edition

Bratisl Med J 2019; 120 (7)

494 – 497

DOI: 10.4149/BLL_2019_078

CLINICAL STUDY

3D navigation in surgery of Eagle syndrome
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ABSTRACT
INTRODUCTION: Eagle’s syndrome is a rare condition caused by the elongation of the styloid process (> 4 
cm) or calcifi cation of the stylohyoid ligament. Patients with Eagle’s syndrome typically present various clinical 
symptoms, such as headache, facial pain, neck pain, pulsating pain, sore throat, foreign body sensation, dys-
phagia, dysphonia, cough, voice changes, otalgia or vertigo. 3D printing refers to processes in which succes-
sive layers of material are formed from 3D computer tomography data to synthesize a three-dimensional object. 
This new diagnostic technique of rapid prototyping technology led to innovative new applications in biomedicine.
OBJECTIVE: The primary goal for this case study was to fi nd out, whether the nowadays so popular 3D technology 
aids in the treatment of the Eagle syndrome or other similar craniofacial abnormalities during the surgical procedure.
CASE PRESENTATION: We report a case of a patient who initially presented a combination of symptoms like head-
ache, sore throat, neck pain, which exacerbated with the movement of the head. This case report provides a brief 
review of the diagnosis and surgical management of the Eagle’s syndrome with the help of 3D model navigation.
CONCLUSION: Eagle’s syndrome is diffi cult to diagnose due to its wide variability in symptoms. The inherent 
accuracy and other properties of 3D printing have allowed it to have exciting applications in anatomy education 
and surgery, with great benefi t to the maxillofacial surgery. With the assistance of 3D technology, it is much 
easier for the surgeon to plan the surgical approach and the surgery, and signifi cantly reduce the operation time 
(Fig. 3, Ref. 22). Text in PDF www.elis.sk.
KEY WORDS: Eagle syndrome, stylohyoidectomy, 3D assisted surgery, printed models, three dimensional 
navigation.
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Introduction

Eagle’s or stylohyoid syndrome is a generally unknown and 
rarely identifi ed anatomical and clinical condition involving the 
head and region  (1, 2). It is characterized by the symptoms of 
recurrent or permanent throat pain, pharyngeal foreign body sen-
sation, dysphagia, bilateral otalgia, and neck pain  (3, 4). Histori-
cally, stylohyoid pain syndromes have been delineated based upon 
their etiology, i.e. acquired versus congenital  (5). Eagle syndrome 
proper has been described as a pain syndrome associated with an 
elongated styloid. The congenital variant, often described as sty-
lohyoid syndrome has been described as a syndrome with pain 
and symptoms of carotid compression (syncope, presyncope, and 
even transient ischemic attacks) caused by an ossifi ed stylohyoid 
ligament  (3, 6). Eagle’s syndrome has also been called: stylohyoid 
syndrome, styloid syndrome, elongated process syndrome, stylal-

gia, styloid-stylohyoid syndrome, styloid dysphagia, chronic sty-
loid angina, temporal rheumatic styloiditis, stylocarotid syndrome 
and the Garel-Bernfeld syndrome (4). 

Incidences of abnormal stylohyoid length range from 4 % to 
28 %  (7, 8). The incidence are higher if calcifi cation of the sty-
lohyoid complex is included 22–84 %  (9, 10).

Eagle syndrome is an important clinical condition for the 
maxillofacial surgeons and otolaryngologist to recognize. This 
is due to the variety of clinical signs presentations, potentially 
serious complications, and the fact, that Eagle syndrome is often 
amenable to treatment. In this paper, we present the benefi ts and 
help of 3D model navigation in surgical treatment of Eagle/sty-
lohyoid syndrome.

Methods and case report

For this study, we aimed to use 3D printed models in naviga-
tion during the surgical procedure and focused to identify the ex-
act location of the resection of the styloid process (Fig. 1) without 
damaging the surrounding anatomical structures. To assess the 
fi delity of the 3D printed model, we inspected it from the lateral 
and bottom. The model was examined to determine whether spe-
cifi c anatomical structures were located correctly and was of the 
appropriate shape. All 3D printed models were scanned by CT 
with the same parameters as those of the original temporal bone 
and mandible. The window level and window width of all images 
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were set at 1000 and 4000 HU, respectively. The reproducibility of 
structures such as position, length and form of styloid process, the 
location of stylomastoid foramen, transversal process of atlas and 
the distance from the ascendent ramus of mandible was evaluated 
by comparing CT images of the 3D models to those of the origi-
nal. Subsequently we used this exact 3D model peroperatively as 
a spatial navigation during the surgery and exact resection of the 
styloid process. 

The temporal bone models and the mandible models were 
printed from the PLY fi le on a full-color 3D printer (Projet 460 
Plus, 3D Systems, Rock Hill, South Carolina, USA).. The print-
ing materials consisted of plaster powder, which is fi xed in place 
by a variety of colored binders. The model was left undisturbed 
for half a day to solidify fi rmly. Excess plaster powder was gen-
tly removed by air-blowing. These three-dimensional printing 
techniques represent a remarkable breakthrough in various fi elds. 
Among several techniques available for generating 3D models, 
the plaster powder bed and inkjet 3D printing method is thought 
to be the most suitable for creating the 3D models required for 
styloid process resection; this is because the reproduced texture 
is similar to bone and commercially available devices are easily 
accessible.

A 45-year old female presented to the clinic with a 3-year 
history of bilateral sided throat pain and pharyngeal foreign body 
sensation. The patient denied dysphagia, bilateral otalgia and 
other associated symptoms. The patient had tried several courses 

of anti-infl ammatory medication and multiple antibiotic therapies 
without suffi cient effect. A complete head and neck examination 
including fi beroptic laryngoscopy was performed, and the only 
pertinent clinical fi nding was pain in the neck bilaterally with deep 
palpation and neck rotation. Intraoral palpation of the retromolar 
trigone and peritonsillar region also elicited pain. An OPG and sub-
sequently computed tomography scan of the neck was obtained as 
displayed in Figures 2 and 3. Based on the radiographic analysis, 
the diagnosis of Eagle Syndrome was made. As the patient had 
failed multiple medical treatments, surgical intervention was of-
fered and the patient was keen on pursuing this option. The patient 
underwent cervical/extraoral resection of the styloid process from 
retromandibular approach on the right side and submandibular 
approach on the left side with primary closure. Postoperatively 
she had an immediate resolution of symptoms following awak-
ening in the recovery unit. She was discharged three days after 
surgery and had an uneventful post-operative course with only 
minimal pain medication requirements and quick resolution of 
regular oral intake.

Discussion

The symptoms of Eagle’s syndrome are nonspecifi c and may 
mimic tumors, foreign bodies, infections, or neuralgia what make 
the correct diagnosis quite diffi cult based solely on clinical mani-
festations  (11). These symptoms can be associated with the com-
pression of the anatomic structures that are closely related to the 
styloid process and the stylohyoid ligament: facial, accessory, hy-
poglossal, vagal, and glossopharyngeal nerves, the internal jugular 
vein, and the internal carotid artery  (12).

The styloid process is a cylindric bony outgrowth located im-
mediately in front of the stylomastoid foramen and fused onto the 
inferior aspect of the temporal bone. The styloid process varies in 
length in different subjects as well as in individual patients. Radio-
graphic studies have shown that a normal styloid process is gener-
ally varies from 2 to 3 cm in length  (8, 13). Some other authors 
have considered a process to be elongated when greater than 4.0 
cm in length, and the highest incidence of symptoms occurred over 
this length. An elongated styloid process is said to exist when either 

Fig. 1. The skull model fabricated by using 3-dimentional, (3D) print-
ing technology reveals a bilateral elongated styloid processes.

Fig. 2. Preoperative panoramic radiograph with an elongated styloid 
process bilaterally.

Fig. 3. 3-dimentional, (3D) computed tomography (CT) scan reveals 
bilateral elongated styloid processes (arrows).
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the styloid process alone or the combined lengths of the process 
and stylohyoid or stylomandibular ligaments exceed 40 mm  (14). 

Eagle’s syndrome is a generally unknown and rarely identifi ed 
anatomical and clinical condition involving the head and neck re-
gion. Despite the high incidence of abnormal length of stylohyoid 
process, the incidence of pain associated with these abnormalities 
is 4–10 %. While stylohyoid abnormalities often occur bilaterally, 
pain usually presents unilaterally  (15).

Diagnosis is made both radiographically and by physical ex-
amination. Intraoral palpation of the styloid process in the tonsillar 
fossa is indicative of elongated styloid in that processes of nor-
mal length are not normally palpable. Extraoral palpation of the 
tip of the styloid should exacerbate existing symptoms. If highly 
suspicious for Eagle syndrome, confi rmation can be made by ra-
diographic studies  (12).

The physical examination associated with a CT scan is the 
gold standard for the correct diagnosis and treatment of the Eagle’s 
syndrome. In accordance with Piagkou et al., there are four differ-
ent parameters for the diagnosis of Eagle’s syndrome: (a) clinical 
manifestations, (b) digital palpation of the process in the tonsilar 
fossa, (c) radiological fi ndings, and (d) lidocaine infi ltration test  
(12). The lidocaine test is performed by an infi ltration of 1 ml of 
2 % lidocaine in the area where the styloid process is palpable in 
the tonsillar fossa. If the patient’s symptoms and local sensitivity 
were reduced and with others positive results, Eagle’s syndrome 
can be diagnosed  (16).

The treatment for Eagle´s syndrome can be pharmacologically, 
surgically, or both. Nonsurgical treatments include reassurance, 
nonsteroidal anti-infl ammatory medications, and steroid injections  
(17,18). The surgical management consists of two major proce-
dures: the transoral approach or the extraoral–cervical approach  
(18, 19). The extraoral-cervical approach is safer and technically 
easier alternative that achieves an adequate treatment of Eagle’s 
syndrome in cases if the styloid process is longer than 3.5‒4 cm  
(18). The literature tends to support that surgical treatment results 
in more defi nitive treatment and long lasting symptomatic relief  
(9, 12, 17, 18, 20).

An external, cervical approach provides the best exposure of 
styloid complex  (18). This approach can be perform from sub-
mandibular or retromandibular incision  (9, 12, 18). One of the 
concerning risks of this extraoral approach is the potential for 
injury to the marginal mandibular branch of the facial nerve and 
internal jugular veins  (21). Surgical treatment with help of 3D 
printed models can signifi cantly reduce the risk of injury of these 
anatomical structures, give better help to decide, witch technique 
– intraoral or cervical – give better approach to the bone surface 
and where is possible most safely resect the styloid process  (22). 
3D model can be printed after preoperative diagnostic evaluation 
of this syndrome, is not expensive and lead to expedited, less 
invasive, more predictable surgery, with a signifi cantly reduced 
operation time. Ultimately, various surgical techniques exist for 
the treatment of Eagle syndrome, each with its own merits and 
risks. Preoperative or peroperative using of 3D printed models 
can give safer surgery for all surgeons with better three – dimen-
sional orientation. 

Conclusion

Eagle syndrome is a rare clinical condition that can be as-
sociated with the elongation of the styloid process. It has a large 
variety of clinical presentations as evidenced by the multitude of 
nonspecifi c symptoms. As the result, it is important to understand 
the diagnostic workup, relevant imaging, and ultimate treatment 
options. With advances in medical management with 3D mod-
els and surgical approaches to the styloid process and complex, 
Eagle syndrome has become recognized more readily and has an 
established group of treatment options. 3D CT reconstruction and 
printing are benefi cial in determining appropriate surgical strat-
egy, and allowing the physician to better explain the lesion, and 
surgical details to patients.

Preoperative planning using 3D models illustrates to the patient 
and team the location of osteotomy cuts and provide a valuable 
training opportunities and reduce the surgical time.
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