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Review of common conditions associated with periodontal ligament widening
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ABSTRACT

Purpose: The aim of this article is to review a group of lesions associated with periodontal ligament (PDL) widening.
Materials and Methods: An electronic search was performed using specialized databases such as Google Scholar,
PubMed, PubMed Central, Science Direct, and Scopus to find relevant studies by using keywords such as “perio-
dontium”, “periodontal ligament”, “periodontal ligament space”, “widened periodontal ligament”, and “periodontal
ligament widening”.

Results: Out of nearly 200 articles, about 60 were broadly relevant to the topic. Ultimately, 47 articles closely
related to the topic of interest were reviewed. When the relevant data were compiled, the following 10 entities were
identified: occlusal/orthodontic trauma, periodontal disease/periodontitis, pulpo-periapical lesions, osteosarcoma,
chondrosarcoma, non-Hodgkin lymphoma, progressive systemic sclerosis, radiation-induced bone defect,
bisphosphonate-related osteonecrosis, and osteomyelitis.

Conclusion: Although PDL widening may be encountered by many dentists during their routine daily procedures,
the clinician should consider some serious related conditions as well. (Imaging Sci Dent 2016; 46: 229-37)
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Introduction

The periodontal ligament, commonly known as the PDL,
is a soft connective tissue between the inner wall of the
alveolar socket and the roots of the teeth. It consists of
collagen bands (mostly type I collagen) connecting the
cementum of teeth to the gingivae and alveolar bone.
Fibroblasts are the main cells in the PDL, which form,
maintain, and repair the alveolar bone and cementum. In
addition, sensors in the PDL provide proprioceptive input
and detect pressure applied to the teeth.'™ The morpholo-
gy of the PDL varies in terms of tooth anatomy and even
tooth surface. For example, it is thinner in the middle of
the root and slightly wider near the root apex and alveo-
lar crest, suggesting that the fulcrum of tooth physiologic
movement is located in the thinnest area of the PDL.>*
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Radiographically, the PDL is seen as a radiolucent space
between the lamina dura and the tooth root. The nor-
mal width of the PDL ranges from 0.15 mm to 0.21 mm,
which may decrease with age."* Widening of the PDL is
one of the most important changes in the circumdental
structures and may be related to different abnormalities.’
It is important to detect whether the widening is regular
or irregular in shape and if the lamina dura is still pres-
ent. For instance, orthodontic movement of teeth results
in PDL widening, but the lamina dura remains intact.
In contrast, malignant or locally aggressive lesions can
quickly grow downwards into the ligament space, result-
ing in an irregular widening and destruction of the lam-
ina dura.*® Radiography remains the primary mode of
investigation for evaluating jaw lesions in routine dental
practice.” Although PDL widening may be encountered
by many dentists during their routine daily procedures,
some cases might be related to serious lesions or diseases.
Therefore, the aim of this article was to review 10 entities
of the greatest clinical importance that involve PDL wid-
ening in order to draw dental practitioners’ attention to

Copyright © 2016 by Korean Academy of Oral and Maxillofacial Radiology
This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License #(http://creativecommons.org/licenses/by-nc/3.0)
which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.

Imaging Science in Dentistry - pISSN 2233-7822 eISSN 2233-7830

— 229 —



Review of common conditions associated with periodontal ligament widening

this imaging finding and to help dental practitioners make
more accurate diagnoses and better treatment plans based
on patients’ radiographs.

Materials and Methods

In this review, general search engines and specialized da-
tabases including Google Scholar, PubMed, PubMed Cen-
tral, Science Direct, and Scopus were consulted to find
relevant studies by using the keywords “periodontium”,
“periodontal ligament”, “periodontal ligament space”,
“widened periodontal ligament”, and “periodontal lig-
ament widening”. Nearly 200 articles were found, with
about 60 being highly relevant to the topic. About 140
articles were excluded from the review process for the
following reasons: They were written in languages other
than English, their full text was unavailable, they were in
the form of case reports with a small number of cases that
only indicated the presence of the topic without demon-
strating the frequency, or they mostly focused on changes
in the jawbones rather than in the PDL. Out of 60 selected
articles, newly published papers with non-repetitive sub-
jects were studied, and 15 were omitted. We ultimately
included 47 articles that were closely related to the topic
of interest. When the relevant data were compiled, 10 en-
tities were identified.

Results
From a review of the literature, 10 entities associated

with PDL widening were identified, as detailed below.

Occlusal/orthodontic trauma
Traumatic occlusion or occlusal trauma is defined as

Fig. 1. Widening of periodontal lig-
ament around the right mandibular
second molar is evident with loss
of neighboring teeth, subjecting it
to heavy occlusal trauma.

an excessive force or pressure on 1 tooth or on the teeth
leading to either an increased alveolar support or a break-
ing down of supporting tissues.® Traumatic occlusion
can cause degenerative changes in response to pressures
greater than the physiologic tolerance of tooth-supporting
tissues. In addition to clinical signs and symptoms such as
tooth mobility, wear facets, pain, unusual response to per-
cussion, and a history of para-functions, there are some
radiographic features, including PDL widening, thicken-
ing of the lamina dura, bone loss, and increased number
and size of trabeculae.*’ The PDL, which lies between the
cementum and alveolar bone, acts as a cushion to with-
stand mechanical forces applied to teeth, and responds by
remodeling. When a continuous force is applied on the
crown of a tooth, it causes tooth movement that is marked
initially by narrowing of the periodontal membrane. How-
ever, in the secondary period of tooth movement, direct
bone resorption takes place, and the PDL is considerably
widened (Fig. 1). It has been shown that PDL cells, under
mechanical stress, may induce secretion of osteoclasts via
PGE2 synthesis during orthodontic tooth movement.'’

Kundapur et al.,"'ina study on 300 patients with trau-
matic occlusion seeking periodontal consultation, found
that PDL widening alone was seen in 8.7%, PDL widen-
ing with bone loss was observed in 2.7%, and PDL wid-
ening accompanied by bone loss and lamina dura thicken-
ing was noticed in 0.7% of cases.

Other sequelae of traumatic occlusion are hypercemen-
tosis and root fracture. Traumatic occlusion alone does
not lead to periodontal disease, but bone loss might be ac-
celerated in the presence of preexisting periodontitis. As
clinical examination might be insufficient for the diagno-
sis of this entity, radiographic evaluation was highly rec-
ommended.* Orthodontic forces can cause PDL widening
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Fig. 2. Panoramic radiograph de-
monstrates generalized periodontal
ligament widening due to trauma
from orthodontic forces.

s

while also sparing the lamina dura (Fig. 2) e

Periodontal disease/periodontitis

Periodontal disease, including gingivitis and periodonti-
tis, is a chronic immune inflammatory response associat-
ed with genetic and environmental factors.'> Periodontitis
is characterized by an inflammatory destruction of the
supporting apparatus of the tooth (periodontal ligament,
cementum, and alveolar bone), which results in gradual
loosening of the teeth."” Radiography plays a key role in
the assessment of this entity. Similar to all inflammatory
lesions of the jawbone, periodontal disease/periodonti-
tis usually is a combination of bone loss (mostly in the
early acute phase) and bone formation or even sclerosis
(mostly in the chronic phase). Early periodontitis caus-
es blunting of the alveolar crest and decreasing alveolar
bone height in the anterior portions of the jaws. Loss of
a normally sharp angle between the lamina dura and the
alveolar crest might also be noticed in the posterior re-
gions.4 In chronic cases, horizontal and vertical bone loss

Fig. 3. Periapical radiographs show
periodontal ligament widening
around maxillary and mandibular
incisors due to periodontitis.

can be seen. A vertical bone defect develops when bone
loss progresses down the root of the teeth in association
with a deep periodontal pocket. In its early stage, this
phenomenon appears as abnormal PDL widening (Fig. 3).
Bone loss in buccal or lingual cortical plates and osseous
deformities in the furcations of multi-rooted teeth can oc-
cur in sustained cases. Widening of the PDL at the apex
or inter-radicular area is an important piece of evidence
for periodontal disease.* Early detection of periodontal
disease and correct management of bony defects are es-
sential for better diagnosis, treatment, and prognosis of
this entity."”

Pulpo-periapical lesions

These groups of lesions are considered to be the most
common entities associated with pulpitis or improper root
canal therapy.'* Marmary and Kutiner'” demonstrated that
periapical defects could be seen in 34% of deep caries,
and that a relationship existed between carious lesions and
periapical bony changes. In another study, the prevalence
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of apical lesions in association with root-filled teeth has
been reported to be as much as 64%, and PDL widening
was the first sign in radiographs.” In the study of Day-
al et al.,'® 54.2% of teeth with pulpitis had radiographic
changes mostly in the form of chronic pulpitis and pulp
polyp. In addition, PDL widening was the most common
finding in the majority of cases (46.1%) (Fig. 4) followed
by discontinuity of the lamina dura (20.2%), thickening of
the lamina dura (18%), and condensing osteitis (12.3%).
Widened PDL was also reported in teeth with sub-acute
pulpitis, acute pulpitis, and pulp hyperemia. It was noted
that PDL widening in root apices was usually the charac-
teristic feature of inflammatory lesions with an endodon-
tic origin."”

Osteomyelitis

Osteomyelitis is a bone infection. This entity has 2
phases: acute or chronic. The acute phase of the disease
can affect patients of all ages, with a strong male predi-
lection.” Tt is much more common in the mandible than
maxilla, possibly because of the poorer mandibular vas-
cular supply.'®'’ The symptoms of the chronic form are
sustained and generally less severe. In patients with ex-
tensive lesions, the disease may spread to the mandibular

Fig. 4. Periodontal ligament widen-
ing as a result of pulpo-periapical
lesion is seen in the left mandibular
second molar.

Fig. 5. Panoramic reconstructed
cone-beam computed radiographic
image shows chronic sclerosing
osteomyelitis with periodontal lig-
ament widening around right man-
dibular canine as well as mental
fistula.

condyle and into the joints, resulting in a septic arthritis.
It also may develop a draining fistula, which may appear
as a well-defined break in the outer cortex or in the peri-
osteal new bone (Fig. 5).* Radiography has a key role
in the diagnosis and follow-up of the disease. A slight
decrease in the density of the affected bone may be not-
ed. However, acute osteomyelitis can stimulate either
bone resorption or bone formation. Sequestra serve as a
radiographic finding in the advanced stage of the acute
disease.'®*" Chronic osteomyelitis usually stimulates the
formation of periosteal new bone similar to an “onion
skin” pattern. Meanwhile, teeth may undergo external
root resorption, the lamina dura blends with the peripher-
al granular sclerotic bone and becomes less apparent, and
the PDL space is widened in the apical region.* Accord-
ing to Gupta,'® a widened periodontal ligament space or a
defect of the lamina dura might be an initial radiographic
indicator for osteomyelitis. Destruction of bone initially
proceeded within cancellous bone. The cortical plate was
secondarily involved by progressive bone resorption and
increasing pressure exerted by the inflammation.'®*

Osteosarcoma
After multiple myeloma, osteosarcoma is the most fre-
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quent primary malignant bone tumor at an estimated
incidence of 2 or 3 per 100,000 persons.21 However, os-
teosarcoma of the jaws is a rare entity, constituting 5%
to 13% of all cases of osteosarcoma.’” More than 80%
of cases occurred between 5 and 25 years, but a second,
lower peak incidence has been reported in the fifth and
sixth decades. No sex or race predilection has been ob-
served, and the mandible is more commonly affected
than the maxilla.”' Osteosarcoma clinically presents as
a firm swelling with increasing size over months. It can
be accompanied by paresthesia, pain, distortion of facial
bones, tooth mobility, and toothache leading to ill-advised
extraction.”' Early detection is the most critical factor for
improving prognosis. In most cases, the average elapsed
time between initial symptoms and final diagnosis is 3 to
5 months.”'* The diagnosis of osteosarcoma is typical-
ly suspected by the radiographic changes in the affected
bone. According to Garrington et al.”* early osteosarco-
ma of the jaws showed a symmetrically widened PDL
of 1 or more teeth on a periapical dental radiograph, ap-
parently before showing any other radiographic features.
In addition, it was mentioned that widening of the PDL
could occur asymmetrically (Fig. 6).>' In a case series
by Givol et al.,”> PDL widening was detected in 28% of
jawbone osteosarcomas, and it was pointed out that sym-
metrical widening of the PDL was a prominent feature of
osteosarcoma. Other radiographic findings were mixed
radiolucent/radiopaque lesions, radiopaque masses with
a moth-eaten pattern, a Codman triangle, and a sun-burst
appearance.”’

Chondrosarcoma

After multiple myeloma and osteosarcoma, chondro-
sarcoma is the third most common primary malignant
tumor of the jawbone.”> Only 5% to 10% of chondrosar-
comas occur in the head and neck. It may present at any
age; however, most cases are found between the third
and sixth decades of life.**’ Males are more frequently
affected than females, and the maxilla is involved more
than the mandible.” Clinically, the tumor manifests as a
painless swelling or mass associated with loosening of
the involved tooth.” Pain may be a late symptom, and
regional lymphadenopathy is rare.”’ Although it may
mimic the appearance of osteosarcoma on radiographs,25
no pathognomonic image finding has been found for this
lesion. Solitary or multiple radiolucencies with ill-defined
borders, bone destruction associated with calcifications,
ground-glass or sun-ray/sun-burst appearance, and uni-
form widening of the PDL may occasionally be present.”’
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Fig. 6. Widening of periodontal ligament is evident in the roots
of the right mandibular first molar in a patient with osteosarcoma.
Note the sun-ray appearance in the ascending ramus and the angle
of the mandible.

In tooth-bearing areas, a widened PDL (a Garrington sign)
may be noticed as an early sign of chondrosarcoma.”® If
the lesion occurs near the teeth, tooth displacement and
root resorption may also be seen.*

Non-Hodgkin lymphoma

Lymphoma is a malignant lympho-proliferative disor-
der divided into 2 types: Hodgkin lymphoma (HL) and
non-Hodgkin lymphoma (NHL).*’ Primary NHL is found
outside of nodal tissues in 24% to 45% of cases, with the
commonly affected sites being the gastrointestinal tract
and skin. Bone involvement is rare and represents only
5% of all extra-nodal lymphomas. NHL of the jaws af-
fects adults in the fourth and fifth decades of life, with a
male predilection (male to female ratio of 3:2).* When
occurring in tooth-bearing areas, NHL typically appears
as a dental pathology, which makes it difficult to estab-
lish a timely diagnosis. On average, more than 2 months
between initial presentation and final diagnosis of NHL
elapse.’ Clinically, it presents as a bony swelling, tooth
mobility, a mass in an extraction socket, pain, pathologic
fracture, and anesthesia or paresthesia in the pathway of
the inferior alveolar nerve.”® With respect to imaging, no
pathognomonic feature has been detected for NHL; how-
ever, it usually appears as a poorly defined radiolucency
similar to many common odontogenic pathologies such
as chronic apical periodontitis.”~* Yapes et al.”* reported
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a case of NHL that was misdiagnosed as a periodontal
abscess. Other radiographic features of NHL include loss
of cortical definition, widening of the mandibular canal,
widening of the mental foramen, loss of lamina dura, and
widening of the PDL.* Irregular and diffuse widening of
the PDL was reported as a radiographic finding of NHL
involving the maxilla by Buchanan et al.** The same find-
ings were reported by Imaizumi et al.* in the mandible.

Progressive systemic sclerosis

Progressive systemic sclerosis is a generalized connec-
tive tissue disease that leads to excessive collagen deposi-
tion and hardening of the skin and other tissues. It is a dis-
ease of middle age (30 to 50 years), and is 3 times more
frequent in women than men.* Oral manifestations of
progressive systemic sclerosis include limitation in mouth
opening, xerostomia, periodontal disease, increase in the
width of the PDL, and mandibular bone resorption.35 The
most common oral radiographic finding of progressive
systemic sclerosis is an increase in the width of the PDL
occurring in about two-thirds of patients. The affected
PDL space usually is at least twice as thick as normal,
and both anterior and posterior teeth are involved.* The
incidence of PDL widening in patients with progressive
systemic sclerosis varied from 7% by Stafne to 100% by
Marmary et al.**" In a recent study, Anbiaee and Tafak-
hor'™

be considered in the differential diagnosis in patients with

argued that progressive systemic sclerosis should

PDL widening and intact lamina dura, especially in poste-
rior immobile teeth when widened PDL is found in more

Fig. 7. A panoramic reconstructed
cone-beam computed tomographic
image shows widened periodontal
ligament mostly in posterior re-
gions of the jaws in a patient with
progressive systemic sclerosis.

Fig. 8. A panoramic reconstructed
cone-beam computed tomographic
image shows radiotherapy-induced
periodontal ligament widening in
the right mandibular premolars in a
patient with head and neck cancer.

than 1 quadrant (Fig. 7). Moreover, two-thirds of patients
with progressive systemic sclerosis present with widening
of the PDL.*® In a case series by Baron et al.,' erosion of
the mandible and widening of the PDL have been men-
tioned as the major radiographic features that differentiate
progressive systemic sclerosis from the normal condition.
Baron et al.' also demonstrated that disease severity was
significantly related to the number of teeth with widened
PDL. The main reasons for PDL widening are not well
understood. Auluk® suggested that this change is caused
by involvement of the masticatory muscle, which be-
comes more bulky, and exerts an increased occlusal force
resulting in primary trauma from occlusion. However, this
mechanism has been rejected by Mehra.* Considering
the high fibroblast and collagen content of the PDL, it is
not surprising that widening of the PDL in these patients
is caused by excess deposition of collagen and oxytalan
fibers with subsequent resorption of the alveolar crest sur-
rounding the root." !

Radiation-induced bone defect

Radiation injury to the jaws is one of the serious com-
plications following radiotherapy of orofacial malignant
lesions.*> The type and maturity of bone and the dose of
radiation are crucial factors determining how the bone re-
sponds to this injury. When immature bone is irradiated,
growth retardation occurs. Radiation damage to mature
bone is likely dose-dependent, and can affect osteoblasts
(decrease in matrix formation) and osteoclasts (increase in
bone resorption). The most frequent regions affected by
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radiotherapy are the posterior aspect of the mandible, fol-
lowed by the posterior maxilla. In order to minimize the
adverse effects of radiotherapy, early detection of bone
injuries is important. In general, radiographic changes are
of little use in the early diagnosis of radiation bone de-
fects.*** However, in the alveolar process of the jaws, an
irregular widening of the PDL around the involved teeth
is the most common radiographic feature after radiation
(Fig. 8)."Ina study by Fujita et al..” PDL widening was
mentioned as an early radiographic change observed in
orofacial radiotherapy. The same findings were also re-
ported by other researchers in 2 animal studies.*** R
cently, it has been demonstrated that more than 50% of
patients under therapeutic radiation therapy exhibited
PDL widening, and most cases were not detected until 2
years after radiation. The PDL widening was also more
severe when the mandibular dose exceeded 45 Gy.* As a
possible pathogenesis, it has been proposed that the di-
minished vascularity of the PDL membrane and edema
increase the volume of the periodontal ligament, leading
to resorbing of the tooth socket wall, which might be ac-
celerated within the devitalized irradiated bone.*** Other
radiographic changes were similar to periodontal disease
bone loss.*

e_

Bisphosphonate-related osteonecrosis

Bisphosphonates are medications used in the manage-
ment or treatment of osteoporosis, osseous metastases,
osteogenesis imperfecta, rheumatoid arteritis, thalassemia
major, multiple myeloma, and malignancy-related hyper-
calcemia.*® In 2003, the relationship between osteonecro-
sis of the jaws and bisphosphonates was first described.”’
The clinical feature is variable, in a way that some pa-
tients may be asymptomatic while others present with
painful bone exposure, mobile teeth, soft tissue inflam-
mation, non-healing extraction socket, and sinus tract and
neurosensory disorders.***® Diagnosis may be delayed,
because it has no specific radiographic characteristics.
Common radiographic findings are sclerosis of the alve-
olar margin and thickening of the lamina dura, narrowing
of the inferior alveolar canal, periosteal reaction, seques-
tra, PDL widening, and periapical radiolucency.‘m"m’49 In
a study by Fleisher et al..”* PDL widening was the most
common finding in patients with bisphosphonate-relat-
ed osteonecrosis. It was found in 83% of cases who used
bisphosphonates intravenously or orally, and 88% of cas-
es who consumed bisphosphonates only via a parenteral
route. It was also demonstrated that the presence of PDL
widening may be a more sensitive indicator than CTX
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testing (type I collagen carboxy-terminal telopeptide)
in predicting the risk of bone necrosis. In another study
by Moeini et al.' thickening of the lamina dura, poorly
healed or non-healed sockets, widening of the PDL, and
sclerotic changes in the mandibular canal were found in
58%,41.6%, 33.3%, and 25% of children taking bisphos-
phonates.

Discussion

This review revealed that widening of the PDL might
be due to 10 relatively common entities, which could be
categorized into 4 groups: traumatic, infectious, neoplas-
tic, or systemic causes.

Traumatic causes of PDL widening are occlusal/ortho-
dontic trauma and radiation-induced bone defect. Trau-
matic occlusion is caused by developmental abnormali-
ties of the jaws or inappropriate restorative, prosthetic, or
even orthodontic procedures that eventually lead to PDL
widening in 1 tooth or multiple teeth.*'” Because of its
impacts on bony tissues, radiotherapy can be regarded as
a traumatic cause of PDL widening as well Jaa

Periodontal disease/periodontitis, pulpo-periapical le-
sions, and osteomyelitis are among the infectious causes
of PDL widening. Periodontal pathogens or the spread
of dental abscess promotes widening of the periodontal
ligament.*"? Some reports demonstrated that pulpitis, pul-
po-periapical pathologies, or even vital pulps with min-
imal hyperemic involvement resulted in widened PDL
via an infectious pathway.m’m’17 On the other hand, pain,
fever, swelling of the adjacent soft tissues, lymphadenop-
athy, and leukocytosis should prompt the clinician toward
osteomyelitis.“’18

Widening of the PDL can also be induced by neoplas-
tic lesions of the jawbones, such as osteosarcoma, chon-
drosarcoma, and NHL. Widening of the PDL, especially
with an asymmetrical distribution accompanied by a bony
mass in the jaws with a progressive pattern of growth,
must prompt the dental clinician to consider osteosarco-
ma and chondrosarcoma in the differential diagnosis and
to undertake more elaborated diagnostic pr0<:edu1res.23’26’28
On the other hand, the first manifestation of NHL can be
widening of the PDL or jaw lesions mimicking periodon-
tal disease.”>”’

Meanwhile, periapical lesions refractory to root canal
therapy might be diagnosed as lymphoma, according to
some reports.29 It has been generally accepted that a ma-
jority of neoplasms have a better prognosis if detected in
earlier stages; however, PDL widening is a less-addressed
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sign of oral lymphoma in dental academic courses.

Progressive systemic sclerosis and bisphosphonate-re-
lated osteonecrosis are 2 systemic conditions leading to
widened PDL. Up to 100% of patients with progressive
systemic sclerosis show this sign.**?’ Widening of the PDL
is an early sign of progressive systemic sclerosis, which
might help dental practitioners establish timely diagnosis
through appropriate laboratory tests.” In patients taking
bisphosphonates, PDL widening can be a good indicator
for the prediction of osteonecrosis development.*

This review focused on the connection between dental
and medical disciplines and the role of dental practitioners
as pioneers of the diagnostic process in some instances.
Meanwhile, special effort has been made to introduce a
narrow differential diagnosis, helping dentists make more
logical decisions when confronting such lesions. Clearly,
both strategies lead to selecting better treatment protocols
for patients.
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