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cessation of habit but becomes gradually progressive adversely 
affecting the quality of life of the individual.6 Over and above that, 
chewing betel quid containing tobacco is a prime risk factor for 
occurrence of oral carcinoma, which is reflected by the fact that a 
patient having OSMF is 19.1 times more likely to be diagnosed with 
oral malignancy than the normal counterpart.1,7,8

Hence, it becomes pivotal to emphasize the significance of 
prevention to combat its potentially malignant nature and silent 

Bac kg r o u n d
With approximately 600 million people around the world actively 
engaged in the daily consumption of betel nut in its various 
formations, it is not surprising that betel nut is the fourth most 
consumed drug in the world.1 The chewing of betel quid is 
accomplished by inserting a mixture of areca nut, slaked lime, 
catechu, and other condiments wrapped in a betel leaf in the buccal 
vestibule for 15 minutes to 1 hour and repeated five to six times 
a day. Owing to the continuous contact of the mixture with oral 
mucosa, the alkaloids and flavonoids become a source of constant 
irritation leading to chronic inflammation as the habit becomes 
persistent.2 In conjunction to this juxtaepithelial inflammatory 
reaction, arecaidine and tannin present in the betel nut mixture 
increase the cross-linking of the fibers and obstruct collagenase 
activity leading to fibrosis and accompanying trismus.2-4 This 
insidious, chronic, scarring condition, seen predominantly across 
the South Asian population is labeled as oral submucous 
fibrosis (OSMF).

Reportedly, trismus is the primary cause of clinical presentation 
in 37.2–90.8% of the patients, but other symptoms such as burning 
sensations, recurrent ulcerations, and excessive salivation are also 
manifested in 14.2–25.9% of the patients.1,5 Also alarmingly, more 
than often the subjects are younger, have shorter history of usage 
of tobacco products, and the disease process does not reverse on 
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aB s t r ac t
Aim and objective: To scrutinize and conduct a review of the scientific literature describing the visualization of elongated styloid process (ESP) 
using an orthopantomogram in general population as well as in patients having oral submucous fibrosis (OSMF).
Background: The styloid process, arising from the temporal bone and extending up to 25–30 mm in length, can be a cause of chronic pain and 
suffering. Similarly, OSMF is rapidly emerging as a widespread, debilitating collagen metabolic disorder affecting the younger population, owing 
to addiction to tobacco and areca nut chewing. The surgical protocol for the treatment of submucous fibrosis demands thorough postoperative 
physiotherapy, failure of which will lead to reoccurrence of trismus. The physiotherapeutic exercises become particularly challenging if the 
styloid process exhibits abnormal elongation, due to chronic inflammation and irritation. An ESP, thus, may become an impediment for patients 
being surgically treated for OSMF.
Review results: The review was designed based on the 58 relevant articles obtained after inserting the terms “Elongated Styloid Process and 
Oral submucous Fibrosis” and “Elongated Styloid Process and Orthopantomogram” in the databases of PubMed and ScienceDirect, respectively 
during the period of September 2017 till September 2020.
Conclusion: Orthopantomogram was widely used as a primary imaging investigation to evaluate the styloid process. An ESP, measuring more 
than 30 mm, was commonly observed in the older population and in men. The use of cone beam computed tomography and three-dimensional 
computed tomography was highly limited yet universally advocated in long-term studies for a more detailed scientific explanation of the 
occurrence and angulation of an ESP both in general population and in patients exhibiting OSMF.
Clinical significance: The co-incidental finding of an ESP and OSMF must be carefully diagnosed before planning the surgical intervention in 
patients having submucous fibrosis. Such cases must be managed with multidisciplinary setting using single-stage procedure to maximize 
treatment outcome and ensure patient wellbeing.
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di s c u s s i o n
As an OPG offers an unobstructed view of an otherwise anatomically 
complex maxillofacial skeleton, it is the most routinely used 
radiographic modality to accurately examine the upper and lower 
jaws in the clinical practice.12,13 In spite of the vast selections of 
radiographic methods used to observe the styloid process such 
as anteroposterior skull radiograph, Towne’s view radiograph, and 
lateral skull radiograph, over the greater part of the 20th century, 
OPG has been the investigation of choice for multiple researchers 
due to its numerous advantages.10,14-16 Majority of researchers 
such as More and Asrani and Magat and Ozcan performed their 
radiographic examination using a Kodak 8000C Digital Panoramic 
System (Kodak 8000C, Mumbai, India) with a magnification factor 
of 1.29,15,17 whereas earlier studies such as the one done by Keur et 
al. relied on the Seimens OP5 Panoramic Machines (Siemens OPS, 
Siemens AG, Bensheim, West Germany) with image enlargement 
as high as 11% owing to which the authors admitted that the use 
of OPG for manual measurement of styloid process, using callipers 
and rulers, was fairly inaccurate and unreliable since there was 
overprojection of adjacent structures during the measurement 
of the basal part of the process.18 This is in sharp contrast with 
the present technique of the use of accompanying Kodak 
software (Kodak, version 6.7, Mumbai, India) or Adobe Photoshop 
CS4 software (Adobe Systems Inc., San Jose, CA, USA)15,17,19 or 
Sidexis Software (Sirona Dental Systems, Inc., USA)20 which provide 
consistently precise measurements when measured with the 
standardized anatomical landmarks of its emergence from the 
temporal bone to the tip. The clinical-radiographical correlation of 
an ESP in a symptomatic patient has been recommended through a 
three-dimensional computed tomography (CT) so as to definitively 
delineate the orientation of the medially directed styloid process 
along with its length.16,21

The exact length of the styloid process has been the matter of 
prime interest around which the incipient studies revolved and is 
said to be ranging from 20 to 30 mm. There has been a consensus 
amongst the records stating the styloid process measuring more 
than 30 mm can be regarded as elongated.15,17,19,22,23 More and 
Asrani,15 Ferrario et al.,22 Jung et al.,23 and Bruno et al.20 reported 
no statistical difference between the length of the ESP between 
the right and left sides, whereas Magat and Ozcan17 and Roopashri 
et al.19 noted an evident increase in the elongation on the left side, in 
confirmation with the findings of Guo et al.24 This difference can be 
attributed to prolonged unilateral function which might hint toward 
a possible role of mastication in styloid process calcification.25 This 
interrelation warrants further research, specifically in patients 
having chronic habit of chewing tobacco products as the only 
previous study on similar lines done by Shivakumar et al. consisted of 
a too small sample size to provide any definite inference.11 Moreover, 
it presented a harmonious result to the other studies pertaining to 
the general population wherein bilateral elongation was found to 
be more common than unilateral elongation.

As far as the radiographic appearance of the styloid process is 
concerned, Langlais et al.14 was the first author to categorize the 
process into three types of radiographic appearance and four types 
of pattern of calcification. This system of classifying the process 
has been particularly favored due to its widespread applicability 
and ease of use. More and Asrani15 noted a clear majority in the 
observation of type I (elongated) styloid process with as many 
as 86.7% of the sample displaying it on the right and left side. The 
type III (segmented) variety was found to be scarce within the 

yet irreversible degradation on the quality of life of the patient. 
Mandatory cessation of the destructive oral habits must be advised 
with early and prompt diagnosis and therapy. Medical agents 
are initiated as part of empirical and symptomatic treatment 
modalities in the form of anti-inflammatory, scavenging and 
antifibrotic drugs.9 Surgical options, reserved for patients having 
severe trismus, range from simple scalpel excision of bands to 
the use of lasers and locoregional flaps.5 In addition to the active 
management employed, it has to be inevitably supplemented with 
rigorous physiotherapy which includes various muscle stretching 
exercises to augment mouth opening and failure to comply with 
this, often painful yet rigid, physiotherapy regime can unavoidably 
lead to recurrence of severe trismus.

Negligence toward physiotherapy may be precipitated by the 
presence of an elongated styloid process (ESP) amongst other 
probable causes. It is hypothesized that the embryonic origin 
of the styloid process, which normally continues to lengthen 
till 30 years of life, can exhibit mineralization at a much later 
stage at its insertion to the lesser cornu of hyoid bone due to 
chronic inflammation from constant mucosal trauma. This may 
lead to vague facial pain on swallowing and turning the head, 
in turn ensuring total omission of postoperative physiotherapy 
in a patient already treated for intraoral fibrosis. The aim of this 
article was to explore the available literature describing the 
radiographic detection of an ESP using an orthopantomogram 
(OPG), specifically in patients having OSMF based on the previously 
stated hypothesis.10,11

re v i e w re s u lts

A systematic search was conducted in the literature to identify 
relevant research papers from the period of September 2017 till 
September 2020. The existing data were scanned using the term 
“Elongated Styloid Process and Oral Submucous Fibrosis” and 
“Elongated Styloid Process and Orthopantomogram “ in online 
database of United States National Library of Medicine: PubMed 
(http://www.ncbi.nlm.nih.gov/pubmed/) and science direct 
database which is a registered trademark of Elsevier. (https://
www.sciencedirect.com). There was no exclusion on the language 
of publication. A single author analyzed the relevant titles and 
abstracts recognized after the initial search and filtered potentially 
eligible studies relevant to the subject of this review. All articles 
elucidating the presence of an ESP identified using an OPG in 
the general population as well as in patients having OSMF were 
included in this review.

Ninety-seven articles were retrieved with the search using the 
terms “Elongated Styloid process and Oral Submucous Fibrosis” 
and “ Elongated Styloid Process and Orthopantomogram” in the 
online PubMed as well as ScienceDirect databases. The search 
terms “Elongated Styloid process and Oral Submucous Fibrosis” 
yielded four articles from the database of PubMed and none from 
the database of Science direct. On the other hand, 68 research 
papers, from the PubMed database, and 25 study articles,from 
the ScienceDirect database, were obtained when the search 
was directed using the terms “Elongated Styloid Process and 
Orthopantomogram.” A total of 39 articles were eliminated from 
the course of the review as the subject of their discussion did 
not conform to the matter addressed in this review. Relevant 
information with respect to the study population, type of 
radiographic machine used, and radiographic appearance of the 
styloid process was retrieved and reviewed.

http://www.ncbi.nlm.nih.gov/pubmed/
https://www.sciencedirect.com
https://www.sciencedirect.com
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• The normal value of the length of the styloid process is 25 to 
30 mm and a styloid process measuring more than 30 mm can 
be considered elongated.

• The incidence of an ESP ranges from 2 to 4% in the general 
population, which is majorly seen in the older population of 
more than 50 years.

• Men are more inclined to elicit an ESP although a handful of 
studies display a female predominance, whereas others negate 
the possibility of gender disparity in the occurrence of an ESP.

• Bilateral elongation is more commonly observed with the left 
styloid process being lengthier in its appearance.

• Langlais type I pattern of elongation is frequently noted in most 
orthopantomograms.

• A bilateral ESP is a probable anatomic variation to be seen, in a 
male patient having OSMF, in a range of 31–52 mm.

• All studies assert that the role of an OPG is indispensable and 
suitable for the early detection of an ESP in patients with or 
without symptoms, to readily predict the cause of pain with in 
the oral, pharyngeal, or cervical regions. It is without doubt that a 
cone beam computed tomography (CBCT) or three-dimensional 
CT scan of the head and neck region would serve as a superior 
imaging modality to confidently trace the anteromedial 
inclination of the ESP in symptomatic cases.

• Future researches employing the use of CBCT /CT scan in a larger 
sample of OSF patients studying specific demographic as well as 
anatomic variables will be better positioned to shed more light 
to this enigmatic anatomic as well as clinical entity.

cl i n i c a l si g n i f i c a n c e

There is a certain dearth of studies providing significant data 
related to the concomitant prevalence of ESP and OSF in 
susceptible patients. Dentists, oral and maxillofacial surgeons, 
and otolaryngologists would benefit from clinical studies which 
inculcate a preoperative protocol in conjunction with oral 
radiologists to recognize the ESP using modern imaging modalities 
in patients of OSMF. This shall prevent any probable postoperative 
impediment by the ESP as both conditions can be simultaneously 
managed in a single-stage procedure using a multidisciplinary 
approach. More importantly, it will ensure the success of operative 
intervention obviating any postoperative complication in the form 
of hindrance to physiotherapy due to overlapping pain of an ESP, 
thus saving the treating surgeon as well as the patient from undue 
loss of time and resources.
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