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Abstract

Objective—The aim of this study was to compare oral radiologic abnormalities associated with
systemic sclerosis (SSc) against abnormalities in the general population.

Study Design—~Patients with SSc and healthy controls were enrolled in a multi-site cross-
sectional study. Included in the radiology examination were a panoramic radiograph, four
bitewings, and an anterior mandibular periapical radiograph. Radiographs were evaluated by two
oral and maxillofacial radiologists tested for interobserver and intraobserver reliability. Chi-
squared tests, Fisher exact tests, and Mann Whitney U tests were used to summarize the radiologic
manifestations of patients and controls.

Results—We assessed 163 SSc patients and 231 controls. Widening of the periodontal ligament
space (PLS) (P < .001), with higher percentage of teeth with PLS widening (P < .001), was
significantly more frequent in patients with SSc than in controls. The most significant differences
between the two groups were found in the molars and premolars (£ < .001). Moreover, 26% of the
patients with SSc had a periapical PLS greater than 0.19 mm compared with 13% of the controls
(P=.003). Patients with SSc had significantly more erosions compared with controls (14.5% vs.
3.6%; P<.001), mostly in the condyles (£ =.022), coronoid processes (£ =.005) and other
locations (P=.012).
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Conclusion—~Patients with SSc had more teeth with PLS widening and erosions of the mandible
compared with controls.

Systemic sclerosis (SSc) is a multi-system disorder of connective tissue characterized
clinically by thickening and fibrosis of the skin and involvement of internal organs.
Prevalence estimates for SSc are between 240 per million! and 276 per million? in an
American population. The incidence rate of SSc is about 20 new cases per million per year.3
It affects mainly women in their third or fourth decade of life and is associated with
significant morbidity and increased mortality. No treatment has been shown to alter the
natural history of SSc.# SSc is characterized by fibroblast dysfunction, which leads to
fibrosis of the skin, internal organs, or both;? autoantibodies (anticentromere, anti—
topoisomerase |, anti—RNA polymerase 111); and vasculopathy.®6 SSc is usually
categorized into limited cutaneous SSc (IcSSc), diffuse cutaneous SSc (dcSSc), and SSc
without skin involvement.® Although several candidate genes and regions of the genome
have been identified as potentially being involved in SSc, these are also associated with
other autoimmune conditions. SSc is a complex disease, where no single polymorphism is
known to cause the complete manifestation of the condition; it has been suggested that it
may be the combined action of several single nucleotide polymorphisms in different genes
that may result in the complex traits of the disease.’

We compared patients with SSc with a control population and demonstrated that oral
problems in patients with SSc include decreased oral opening, decreased saliva production,
increased number of missing teeth, and worse periodontal disease.8-10

The radiographic manifestations in the jaws, considered characteristic of SSc, are well-
defined bony erosions at the sites of muscle attachment in the mandible and increasing width
of periodontal ligaments around teeth.1! Only a few studies, however, have estimated the
prevalence of these radiographic abnormalities, and none has included more than 47 patients
with SSc. To our knowledge, only six previous studies have compared patients with SSc to
normal controls,12-17 whereas a seventh study used controls with rheumatoid arthritis and
systemic lupus erythematosus.18

The purpose of this carefully performed study in a large sample of patients with SSc was to
assess all the previously described individual radiographic manifestations of SSc and to
compare the prevalence of these radiographic manifestations with those in the general
population. The aim was to present the radiologic results of a heterogeneous population of
patients with scleroderma, involving miscellaneous cohorts throughout Canada against a
matched general population.

METHODS

This study is the radiographic component of a large multi-site cross-sectional study looking
at the orofacial manifestations and oral health—related quality of life in patients with SSc
previously reported by Baron et al.8-10 In this study, 163 patients with SSc were recruited
from 7 of the 15 Canadian Scleroderma Research Group sites. All patients had a diagnosis
of SSc made by the participating rheumatologists. Over 95% of the patients in this study met
the recent American College of Rheumatology/The European League Against Rheumatism
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(ACR/EULAR) classification criteria for SSc.>19 Another 231 new patients presenting for
mechanical joint disease (e.g., osteoarthritis) were recruited as controls. Patients and
controls were matched for gender and age. Patients’ ages were between 46 and 67 years, and
those of controls between 47 and 68 years. Orthodontic cases were excluded. This study is in
compliance with the Helsinki Declaration and was approved by the research ethics board of
each site. Informed consent was obtained from all study patients.

The patients were examined by eight dentists at the seven sites. The examination consisted
of obtaining odontograms delineating number of teeth, missing teeth, caries, and periodontal
indices.10 SSc duration was measured as the time between the onset of the first non-Raynaud
symptom and the oral health study visit. Limited cutaneous SSc (IcSSc) was defined as skin
involvement distal to the elbows and knees.1# Diffuse cutaneous SSc (dcSSc) was defined as
skin involvement proximal to the elbows and knees, with or without truncal involvement.20

All patients underwent radiographic examination to obtain a panoramic radiograph, four
bitewings, and a periapical radiograph of the mandibular incisors if the teeth were present.
The eight dentists attended a calibration workshop at one site before the start of the survey to
standardize radiographic technique; two of seven sites used digital radiography, whereas all
the other sites used analog radiography. For all sites using argentic film, a test radiograph of
a plaster model of teeth was taken at one site (SMBD-JGH) and became the exposure
standard for intraoral radiographs. Exposure times at the different sites were adjusted by
comparing with the standard.?! All radiographs were developed in automatic processors at
each site under standardized conditions, according to manufacturers’ recommendations. All
films were digitized using an Epson Expression 1680 scanner (Epson America, Inc. Long
Beach, CA) at 1600 x 3200 dpi optical resolution and Adobe Photoshop (Adobe System
Incorporated, San Jose, CA). Adobe Photoshop is already widely used in the dental and oral
maxillofacial disciplines for measurement.2223 Intraoral radiographs were scanned at 1600
dpi, and panoramic radiographs were scanned at 300 dpi and saved as jpeg images.

The radiographs were evaluated by two trained experienced oral and maxillofacial
radiologists (DM, MD) tested for interobserver and intraobserver reliability;24 the observers
performed the assessment on all digital and scanned radiographs under the same conditions.
24 Differences between digital and scanned images were deemed clinically insignificant.2®
Observers were blinded to the names of the patients, sources of the radiographs, and the
subjects being patients with SSc or controls. Radiographs judged nondiagnostic to perform
the required tasks were rejected by the observers.

An adjudicator (MG) was used for binary variables in case of disagreement between the
observers. The advantage of using an adjudicator is that his interpretation is completely
independent and not influenced by personality or previous scores.

Bone erosions

Bone erosions were recorded using panoramic radiographs in the following sites: right and
left condyles, coronoid processes, digastric regions, posterior rami, and other regions. The
presence of erosion was rated by using a Likert-type scale from 1 to 5, from “definitely no
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erosion” to “definitely erosion.” Flattening of the condyles suggestive of degenerative joint
disease was rated as erosion.

Widening of the periodontal ligament space

The presence of widening of the periodontal ligament space (PLS) was recorded by using
the panoramic radiographs. Our definition of PLS widening included widening near the
coronal portion of the root or in the periapical region on one or both sides of the root.

Measurement of the PLS

The width of the PLS was measured digitally in Adobe Photoshop on the periapical
radiograph of the mandibular incisor region to validate the finding of Alexandridis and
White,12 that it predicts the presence of SSc. The PLS was measured in four places: at one
third and two thirds of the distance between the cementoenamel junction (CEJ) and the apex
of the tooth on each side.12 For each of the four measurements, we averaged the
measurements of the two observers. Then, we averaged the measurements of the four sites.
The measurements were made on tooth 3.2. Tooth 4.2 was used when tooth 3.2 was absent
or nondiagnostic.

Statistical analysis

Descriptive statistics were used to summarize the demographic characteristics, radiologic
manifestations of the patients with SSc and the controls. Chi-squared tests, Fisher’s exact
tests, and Mann Whitney U tests were used, as appropriate.

Interrater reliability was calculated for continuous variables (number of teeth with PLS
widening and number of molars, premolars and anteriors with PLS widening using
periapical and panoramic radiographs), and for binary variables (erosion at each location).
Interrater reliability was measured with intraclass correlation (ICC) coefficients for the
continuous variables of interest. ICC was calculated by using the variance component
estimates of linear and generalized linear mixed models. Interrater reliability was measured
by Kappa for the binary variables of interest. ICC and Kappa were interpreted using the
following guidelines: 0 = poor; 0.01 to 0.20 = slight; 0.21 to 0.40 = fair; 0.41 to 0.60 =
moderate; 0.61 to 0.80 = substantial; and 0.81 to 1 = almost perfect.24

Generalized linear mixed models that use negative binomial distribution for count data and
generalized linear mixed models that use binary distribution for binary variables were used
to examine the association between SSc and the outcomes of interest, namely, the number of
teeth with widening of the PLS, patients with PLS widening of at least one tooth, and
patients with at least one site with erosion. Models were adjusted for age, gender, ethnicity
(Caucasian vs. other), education (greater vs. less than high school) and current smoking.8 In
addition, the number of teeth was assessed as an offset term variable in the models for the
number of teeth with widening. The study site was added as a random effect in all mixed
models.

Pvalues < .05 were considered statistically significant. All statistical analyses were
performed using SAS v.9.2 (SAS Institute, Cary, NC).
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The interobserver reliability was almost perfect for the measurement of the PLS width (ICC
= 0.90) and was fair for the number of teeth with PLS widening (ICC = 0.40). The
interobserver reliability for the number of molars, premolars, and anteriors with PLS
widening was fair (ICC = 0.25), substantial (ICC = 0.66), and almost perfect (ICC = 1.00),
respectively. The agreement between observers was perfect for each site and general
erosions (x =1).

Study results

Among the 163 patients with SSc and 231 controls included in the study, 4 patients with SSc
and 9 controls had to be excluded because of missing or poor-quality radiographs. There
were 381 patients in this radiology study. There were no significant differences between
patients with SSc and controls with regards to age, gender, ethnicity, and smoking status
(Table I). There was a strong trend, however, to a lower level of education in the patients
with SSc (P =.058). Patients with SSc included in the radiology study had a mean disease
duration of 13.7 years (SD 8.4) and 28.3% (N = 45) had dcSSc.%10 Patients with SSc were
significantly more likely to be edentulous and had a trend to have more missing teeth
compared with controls (Table 11).

Table Il shows that PLS widening of at least one tooth was noted in 38% of the patients with
SSc compared with 11.1% of the controls (P < .001). Figures 1 and 2 show examples of
widened PLS. This significant difference was confirmed by multivariate analysis adjusting
for age, gender, ethnicity, education, and current smoking status (OR 6.56; 95% CI 3.52—
12.21). There were significantly more teeth with PLS widening in patients with SSc than in
controls in univariate (1.08 [SD 2.57] vs. 0.16 [SD 0.49]; £<.001) and multivariate (RR
7.72; 95% Cl 4.45-13.38) analyses. The most significant differences between the two
groups were found in the molars and premolars (P < .001) (see Table II).

The distribution of the measurement of the PLS width at 3.2 (or 4.2 if 3.2 is missing) in SSc
and controls is shown in Figure 3. The two groups had very similar values (mean + SD: 0.16
+0.06 mm in SSc vs. 0.15 + 0.04 mm in controls; median [interquartile range]: 0.15 [0.13—
0.18] in SSc vs. 0.14 [0.12-0.16] in controls), but 26% of the patients with SSc had a
periapical PLS greater than 0.19 mm (mean of controls + 1 SD) compared with 13% of the
controls (P=.003).

There were significantly more patients with SSc with at least one site in the mandible with
erosion compared with controls (14.5% vs. 3.6%; P < .001) (see Table Il), and this was
confirmed by multivariate analysis (OR 4.49; 95% CI 1.92-10.53). Figure 4 shows an
example of mandibular erosions. The difference was most notable in the condyle (6.3% vs.
1.8%; P=.022), the coronoid process (5.0% vs. 0.5%; P =.005), and the other type of
erosion (3.2% vs. 0%; P=.012). Results were not significant for the digastric region (P=.
239). There was a trend toward more erosions in the posterior ramus in patients with SSc
compared with controls (5.1% vs. 1.4%; P = .058) (see Table II). With regard to the mean of
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the patients with SSc with erosions, 60.9% had more than one erosion in their mouths, and
the mean number of erosions was 2.09 (SD 1.16).

DISCUSSION

In our study of 163 patients with SSc and 231 controls, we found that patients with SSc tend
to have significantly more teeth with widening of the PLS and more mandibular erosions
(see Figures 1 and 4). Our findings add substantially to the knowledge in the literature, as
none of the previous studies of the estimates of the prevalence of radiographic abnormalities
in the jaws in SSc systematically studied all suspected SSc radiographic manifestations
(Table I1I). In addition, the number of patients examined in these studies was generally
small, between 15 and 47,12-14.17.18.26-29 anq controls were used in only seven studies.12-18
Another limitation of the previous studies is that the controls were either selected from
patients attending the dental clinic,14 hospital staff,14 or patients with inflammatory diseases,
such as rheumatoid arthritis and systemic lupus erythematosus.1® Prevalence estimates had
been documented by using a convenience sample in some studies; consequently, selection
and information bias may have affected the internal validity of these results. This may have
biased these studies against finding abnormalities in the patients with SSc, potentially
underestimating the true increased prevalence of oral disease compared with the general
population (see Table I11).

Our finding of mandibular erosions in 14.5% of SSc is within the range of reported results
(6.6%—46.7%).12:13.17.26-29 Bone resorption has been noted in patients with more advanced
disease?” and can occur in areas of muscle attachment in the mandible. Muscles involved in
such areas are the masseter at the angle of the mandible, the lateral pterygoids at the
condylar head, and the temporalis the coronoid process. With resorption at the condylar head
and the coronoid process, the sigmoid notch becomes flatter and wider (Figure 4). Muscle
contraction, ischemia due to atrophy, or both may be responsible for the resorption,2° as well
as rigidity and pressure from overlying skin.2% Resorption of the mandible is an incidental
finding and causes no symptoms.

We assessed widening of the PLS by using two methods. One was the subjective assessment
of the observers of the number of teeth with PLS widening and the other was a measurement
of the PLS at one tooth. Measurements of the PLS in our study were done with the use of
Adobe Photoshop and were read by two radiologists, increasing the accuracy of the results.
Differences between radiologists were resolved by using an adjudicator (MG). Previous
studies have used either measurements of magnified periapical radiographs!®-28 or subjective
assessments.14.17:18.26.27 The two studies that used more than one observerl215 did not
report a method for resolving conflicts. We found PLS widening in at least one tooth in 38%
of the patients with SSc but in only 11% of controls (see Table 1), in the range of the reports
of similar findings of 33% to 100% in previous studies (see Table I11). Widening of the PLS
in normal persons is known to occur because of periodontal or periapical disease and dental
occlusal trauma.30 In the periodontal ligament of patients with SSc, connective tissue
involvement may be responsible for widening.1® Occlusal trauma would not necessarily be
involved, as the masseter muscles in patients with SSc show signs of atrophy3! and
presumably reduced pressure during mastication. Although we could not confirm the
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findings of Alexandridis and White,1° that mean values for the measurement of the PLS at
one tooth showed widening in patients with SSc versus controls, we did note that
significantly more patients with SSc than controls had measurements of the PLS greater than
0.19 mm.

This study has some limitations. The number of condylar erosions in our controls may be
overestimated, since they were patients recruited from rheumatologists’ offices or
physiotherapy clinics with mechanical joint disease or osteoarthritis, conditions which could
lead to flattening of the condylar head.32 The interrater reliability was only fair for the
number of molars with PLS widening (ICC = 0.25), increasing the chance of
misclassification for results pertaining to this measurement. The correlation between disease
severity, erosions, and PLS widening and the impact on quality of life will be addressed in
future reports. Another limitation is that there were some differences in the comparison
between the scanned image and the original analog radiographs (a much larger image than
intraoral radiographs), but these differences were deemed clinically insignificant.2>

Our study also has a number of strengths. First, subjects were drawn from a large pool of
patients with SSc and controls selected from seven sites across Canada, increasing the
generalizability of the study results. Second, the recruitment of patients with SSc and
controls from the same rheumatology clinics minimized selection bias. Third, the diagnosis
of SSc was performed by experts after clinical examination, minimizing diagnosis
misclassification, and 95% of the patients with SSc met the 2013 ACR criteria. Fourth, the
evaluation of radiographs by blinded experts decreased imaging misclassification. Fifth, the
interrater reliability was excellent for measurement of PLS width and was substantial and
perfect for PLS widening in premolars and anteriors, respectively, thus minimizing imaging
misclassification. Sixth, the large sample size provides sufficient power in the analysis.
Seventh, the statistical analysis adjusted for important confounders (e.g., age, gender,
ethnicity and smoking status) increased the internal validity of the results.

CONCLUSIONS

Compared with controls, patients with SSc are significantly more likely to have mandibular
erosion at the condyles and coronoid processes. These patients also have significantly more
teeth with PLS widening. This is particularly true of molars and premolars. Even though we
might not have found significant changes that have not been described before, this is a
definitive case-control study.

The underlying factors contributing to mandibular erosions and PLS widening are not clear,
but in future studies, we will investigate the relationships between these oral abnormalities

and various aspects of the disease, as well as their relationship to the altered oral quality of
life that we and others have demonstrated in patients with SSc.
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Statement of Clinical relevance

This article describes the radiographic manifestations of systemic sclerosis in a large
cohort of patients and the prevalence of these changes is documented. In comparison with
the general population, patients with systemic sclerosis have more erosions of condyles
and coronoid processes and more teeth with widening of the periodontal ligament.
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Fig. 1.
Panoramic radiograph of scleroderma patient with significant PLS widening, particularly in

the mandibular and maxillary posterior teeth.
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Fig. 2.
Periapical radiographs showing periodontal ligament space widening in lower anteriors.41-31
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Fig. 3.
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Distribution of the width of the periodontal ligament measured at 3.2 (4.2 if 3.2 is missing)

in controls and in patients with SSc.

Oral Surg Oral Med Oral Pathol Oral Radiol. Author manuscript; available in PMC 2015 October 01.



1duosnuey Joyiny ¥HIO 1duosnuey Joyiny JHIO

1duasnuel Joymny YHID

Dagenais et al. Page 15

Fig. 4.
Panoramic radiograph of scleroderma patient with severe erosions at (A) the coronoid

processes, (B) the angles of the mandible. Also shown: PLS widening in (C) maxillary
posterior teeth, and (D) mandibular posterior teeth.
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