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Factors associated with gingival
inflammation among adults with
systemic sclerosis

Abstract: Objective: To identify factors associated with increased
gingival inflammation in adults with systemic sclerosis (SSc,
scleroderma). Methods: In this cross-sectional study, forty-eight adults
with SSc received assessment of gingival inflammation using Loe and
Silness gingival index (LSGI), measurement of oral aperture and
evaluation of manual dexterity to perform oral hygiene using the
Toothbrushing Ability Test, as well as completion of an oral health-
related questionnaire. Results: Three explanatory variables in the final
multiple predictor models for the LSGI outcome were statistically
significant — manual dexterity to perform oral hygiene, flossing in the
evening and SSc subtype, with higher (i.e., worse) LSGI score among
those with impaired manual dexterity, not flossing in the evening and
diffuse form of SSc. In addition, posterior teeth had higher LSGI scores
compared with that of the anterior teeth after adjusting for other
variables. Conclusions: Results suggest that dental health
professionals take manual dexterity into consideration when educating
patients with SSc to improve their oral hygiene and educate them on
paying more attention on cleaning their posterior teeth and the
importance of flossing in the evening — especially those who only floss
once a day or less often.

Key words: epidemiological methods; gingival diseases; oral
hygiene; scleroderma

Systemic sclerosis (SSc, scleroderma) belongs to a group of autoimmune
connective tissue diseases and is characterized by inflammation, vascular
dysfunction and excessive fibrosis of connective tissue supporting the
skin and visceral organs (1, 2). SSc is classified into two main subtypes:
limited and diffuse cutaneous SSc. Limited cutaneous SSc is character-
ized by restricted skin involvement (often just the hands and face), prom-
inent vascular manifestations, exhibiting features of calcinosis, Raynaud’s
phenomenon, oesophageal dysmotility, sclerodactyly, telangicctasias
(CREST) syndrome, and slow progression (3, 4). Diffuse cutaneous SSc
is characterized by rapidly progressing symmetrical widespread skin
involvement and visceral organ involvement (3, 4). In the United States,
the ratio of limited to diffuse form of SSc is approximately 3:2 (5, 6).

SSc affects women about 3.8 times more than men (7). African Americans
have a higher prevalence of SSc compared with Caucasian Americans and a
higher incidence of the diffuse form compared with Caucasian Americans
where the incidence of the limited form is more common (6, 8). African
Americans also tend to develop SSc at an earlier age (typically 35-44 years
of age) compared with 45-54 years of age in Caucasian Americans (5).

SSc affects the skin and musculoskeletal tissue on the hands as well as
oral and perioral tissues (9-12). Manual dexterity impairments and
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orofacial complications are two major clinical manifestations
that may contribute to increased risk of oral health problems
in people with SSc (13, 14). Typical sclerodermatous skin
changes (thickening and tightness) involving the digits with
progressive finger flexion and retraction may give the hand a
‘claw-like’ appearance (15). Flexion contractures of the proxi-
mal interphalangeal joints may limit tip-to-tip prehension,
resulting in decreased dexterity (16). On average, manual dex-
terity in people with SSc is reduced by 25% and grip strength
is reduced by 45% compared with values for healthy individu-
als (16); further, 90% of people with SSc in one study
complain of loss of hand grasp ability (17).

T'wo principal orofacial manifestations that may complicate
oral hygiene are microstomia (small mouth) and xerostomia
(excessive dry mouth resulting from salivary hypofusion).
Microstomia in SSc is mainly caused by submucosal collagen
deposits, which contributes to fibrosis in perioral tissue (18).
Anywhere from 43% to 80% of people with SSc display micro-
stomia (14, 19, 20) with the mean interincisal distance for peo-
ple with SSc being about 33 mm (14, 21-24). Xerostomia
results from sclerosis of connective tissue in the salivary glands
with or without a cellular infiltrate (secondary Sjogren’s syn-
drome). Sicca symptoms (including dry mouth) are common in
people with SSc (about 60%) (25-27).

In SSc, defective vascularity and alterations in the microcir-
culation of the gingival tissues may lead to gingival inflamma-
tion (28, 29). Additionally, several factors that hamper people
with SSc from performing adequate oral hygiene methods,
such as microstomia, decreased manual dexterity and hand
deformity, may in turn lead to gingival inflammation. Dry
mouth has been shown to promote the development of dental
plaque and increase the risk of developing oral diseases
(30-32), such as gingival inflammation induced by dental pla-
que (33, 34). Medications such as immunosuppressants and
calcium channel blockers used to manage SSc complications
are known to increase the risk of developing gingival hyperpla-
sia (35), which may also increase the risk of gingival inflamma-
tion. In one study, gingival bleeding was present in about 60%
of patients with SSc (14).

Although various SSc disease-related specific factors such as
dry mouth, decreased oral aperture and manual dexterity
impairment that may relate to gingival inflammation have
been described in the literature, few studies have investigated
the association of these SSc disease-related factors with gingi-
val inflammation in adults with SSc. There are several case—
control studies indicating that when compared with age- and
sex-matched healthy controls, people with SSc exhibited more
severe gingival inflammation (36, 37), or a higher proportion of
people with SSc showed a positive gingival bleeding index
(14). Therefore, the purpose of the present study was to iden-
tify factors associated with increased gingival inflammation in
adults with SSc. Identification of these factors (both SSc dis-
ease-related and amendable) is important in preventing and
managing the gingival inflammation for this population. Find-
ings can help the dental health professional tailor treatment
procedures to better manage gingivitis, as well as to provide
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specific information that can be used to advise patients with
SSc with gingival inflammation and poor oral hygiene. This is
especially important with plaque-induced gingivitis, as this
may lead to periodontal disease and tooth loss.

Methods

Participants

Participants eligible for this cross-sectional study were adults
(aged > 18 years) diagnosed with SSc at least 1 year prior to
study baseline evaluation, and who fulfilled the American Col-
lege of Rheumatology preliminary classification criteria for SSc
(3). Exclusion criteria were localized scleroderma (e.g. morp-
hea, linear scleroderma and en coup de sabre), <10 natural
teeth, an upper and/or lower full denture, complaint of any
major jaw joint problems (e.g. severe pain or dislocation) or
requirement for antibiotic therapy prior to dental examination.
Details of the subject selection criteria have been reported
clsewhere (24, 38).

Recruitment

One hundred and thirteen patients with SSc from the sclero-
derma clinic at the Medical University of South Carolina
(MUSC), with record in the local connective tissue disease
database (C'TDD), were invited to participate to the study and
if interested contacted either in person or by phone. The
CTDD contains medical information on the majority of
patients with SSc who received consultation and/or treatment
at the university rheumatology clinic beginning in 2001. Forty-
eight eligible participants completed the baseline assessment
with a recruitment rate of 42.5%. Reasons for patients not
completing the baseline assessment included the following:
decline (46 patients), not meeting the selection criteria (11),
unable to contact patients (after several attempts) to schedule
an appointment (4), conflict with other medical needs (1),
unable to take time off at work (1), fear of losing teeth (1) and
deceased (1).

Procedures

One to two days before the study appointment, potential par-
ticipants were contacted by phone and instructed not to per-
form any oral self-care procedures, nor to use chewing gum
the evening and morning before the appointment. Informed
consent was explained and completed, and the mouth evalua-
tion was conducted at the MUSC Clinical Translational
Research Center. The evaluation included an assessment of
gingival inflammation, measurement of oral aperture and eval-
uation of manual dexterity to perform oral hygiene using the
Toothbrushing Ability Test (TAT) (39, 40), as well as comple-
tion of an oral health-related questionnaire. 'I'wo trained and
calibrated dental hygienists were designated as the oral health
examiners and conducted the assessments (41). The protocol
was approved by the MUSC Institutional Review Board.



Outcome variable

The Loe and Silness Gingival Index (LSGI) was used to esti-
mate different degrees of inflammation in marginal gingiva
(42). Gingival measures were made and scored for four areas
of each natural tooth: mesial, distal, buccal and lingual. Each
area was scored for gingivitis on a 0-3 ordinal scale according
to the following criteria: 0 = normal gingiva or absence of
inflammation; 1 = mild inflammation — slight change in colour,
slight oedema and no bleeding on probing; 2 = moderate
inflammation — redness, oedema, glazing and bleeding on
probing; and 3 = severe inflammation — marked redness and
oedema, ulceration and tendency to spontancous bleeding.
The LSGI scores were formed from a maximum of 28 teeth in
cach participant (third molars excluded).

Explanatory variables

Manual dexterity to perform oral hygiene was assessed by the
Toothbrushing Ability Test (TAT) (39, 40). Detailed proce-
dure and scoring have been described in the literature (39,
40). Briefly, participants were requested to brush the front sur-
faces of all lower front teeth (i.e. from canine to canine) in
30 seconds using a regular manual toothbrush. After being
stained, three anterior mandibular teeth (i.e. #22, #25 and #27)
were scored according to Patient Hygiene Performance (PHP)
criteria (43). The score of the TAT ranges from 0 to 19 with a
score >6 indicating manual dexterity impairments. Using this
cut-off value, the sensitivity and specificity of TAT" in predict-
ing adequate brushing ability are 90% and 75%, respectively
(39, 40). Among several common standardized manual dexter-
ity tests, T'AT has been shown to be the best predictor for pla-
que score (39, 40). The TAT with scores above 6 was coded
as ‘1, indicating manual dexterity impairment to perform oral
hygiene, and scores between 0 and 6 was coded as ‘0, indicat-
ing no impairment. Based on the analysis of data from 25
adults with connective tissue disorders who had their PHP
evaluated simultaneously by the two dental hygienists in the
present study, the intraclass correlation coefficient (ICC) for
the inter-rater reliability on the TAT exceeded 0.72, which
indicates acceptable agreement.

Maximum oral aperture was measured, using a small metal
ruler, as the vertical distance in millimetre between the incisal
edges of the maxillary and mandibular right central incisors
when the participants were requested to open their mouths as
wide as possible (44). If the right central incisors were absent,
the left central, right lateral or left lateral incisors were substi-
tuted in that order (44). Three successive trials of maximum
oral aperture measurement, with a 5-s pause in between each
measurement, were conducted and recorded (45). An average
of the three successive trials for each oral aperture measure-
ment was computed. The inter-rater reliability for the mea-
surement of the size of oral aperture was excellent with
ICC = 0.99 (24).

The oral health-related questionnaire contained items
addressing the demographic and socio-economic characteristics
of the participants, as well as their dental care visit patterns,
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oral hygiene behaviours, dry mouth symptoms, smoking and
soda consumption habits. Demographic and socio-economic
characteristics included age, gender, race (African American or
Caucasian American), marital status (married/live together or
unmarried), education, employment status (paid employment
or not employed), annual household income and dental insur-
ance (private/public-funded or none). Dental visits in the past
year were re-coded as ‘yes/1’ or ‘no/0’. Brushing habits were
indicated by brushing at least twice daily versus less often and
whether brushing in the evening or not. Flossing habit was
indicated by flossing at least once a day versus less often and
whether flossing in the evening or not. Mouth rinsing habits
were indicated by using mouth rinse at least once a day versus
less often. Other questions related to oral hygiene included
use of oral irrigator and difficulty flossing teeth.

The presence of dry mouth symptoms (coded as ‘1’) was
indicated by a positive response to one or more of the follow-
ing four questions (46): ‘Do you sip liquids to aid in swallow-
ing dry foods?’; ‘Does your mouth feel dry when eating a
meal?’; ‘Do you have difficulties swallowing any foods?’; and
‘Does the amount of saliva in your mouth seem to be too lit-
tle?” Participant’s smoking was indicated by current, past
smoking habits or designated as non-smoking by ‘never
smoked’. Soda consumption was quantified by the number of
12-ounce non-diet sodas consumed in a typical day.

Specific medical history including SSc disease subclassifica-
tion (i.e. limited or diffuse form), disease duration, medical
comorbidities such as sicca syndrome, gastro-oesophageal
reflux disease (GERD) and joint problems in the hand, and
medications such as immunosuppressants and calcium channel
blockers were obtained from patient medical records. The
presence or absence of each comorbidity was dichotomously
coded.

Data analysis

T'he main outcome for the primary analysis was subject-level
gingival inflammation, represented by the average LSGI score
over all available surfaces in the whole mouth, excluding third
molars. In the preliminary analysis, we performed unadjusted
bivariate analysis to explore any significant associations
between the main outcome and explanatory variables.

For the adjusted analysis, we fit a multivariable linear
regression model. We considered variables for inclusion in the
final model if they are significantly associated with LSGI score
(P <0.10) in the unadjusted analyses. To avoid problems
caused by collinearity, if two or more variables are highly cor-
related (> 0.3), we would select the most appropriate one
based on the clinical justification. A backward stepwise proce-
dure for model building was used to obtain the most parsimo-
nious model.

In addition to the primary analyses, we performed secondary
data analyses to compare the mean LLSGI score between ante-
rior teeth (i.e. #6-#11 and #22-#27) and posterior teeth (#2-#5,
#12-#15, #18-#21 and #28-#31). As LSGI scores from the two
locations in each subject cannot be presumed independent, we
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fit a multilevel model using Proc Mixed in SAS with anterior
and posterior LSGI scores nested within each individual, a site
indicator (anterior vs. posterior teeth) as fixed effect and vari-
ables from the primary multivariable linear regression as covari-
ates. In the multilevel model, we assumed the measures for the
two locations have a common variance, but their covariance can
be non-zero. SAS 9.2 (SAS Institute Inc., Cary, NC, USA) was
used for all data analyses in this study.

Results

Table 1 shows the characteristics of the 48 participants, which
include their diagnosis, comorbidities, medications, socio-
demographics and oral health-related behaviour information.
The mean oral aperture of the participants was <40 mm,
which is classified as microstoma (44). About three-fourth of
the participants reported having dry mouth symptoms (73%) or
demonstrated impairment in manual dexterity (75%) as indi-
cated by their TAT score above six. The mean (SD) number
of participants’ teeth was 24.3 (4.0) with a range from 10 to 28.
The mean (SD) number of missing teeth of the participants
was 3.7 (4.0) with a range from 0 to 18.

From the unadjusted analyses, we observed significant asso-
ciations between LSGI scores and the following variables:
TAT score, SSc subtype, age, race, income, flossing in the
evening, number of cans of non-diet sodas consumed in a day
and dental visit last year. Table 2 shows the unadjusted analy-
ses results for these variables. In addition, we found that age
and race were highly correlated with type of SSc and that
income was highly correlated with flossing in the evening and
dental visit last year. To reduce the effect of multicollinearity,
age, race and income were excluded from the multivariable
analysis, as these variables did not belong to the disease of
SSc or oral health behaviours.

Based on a backward stepwise procedure, we set up the
multivariable model. From our univariate analyses, we
included four variables in our multivariable model: TAT
score, SSc subtype, evening flossing and number of cans of
non-diet sodas consumed in a day. Although the estimate of
soda consumption was insignificant, we still kept it in the
model, because removing this variable could lead to 1) signif-
icant variations (>10%) in the estimated coefficients for the
other variables and 2) a significant decline (10%) in the
adjusted R? With the four variables included, the adjusted
R? for the final model was 0.31. The final model indicated
that TAT score, SSc subtype and evening flossing are signifi-
cantly associated with the average LLSGI score for the whole
mouth, with higher (i.e., worse) LLSGI score among those
with impaired manual dexterity, not flossing in the evening
and diffuse form of SSc (see Table 3).

In the secondary data analyses, we fit a multilevel model for
LLSGI scores by location (anterior versus posterior teeth). We
found that posterior teeth had higher LLSGI scores compared
with that of the anterior teeth after adjusting for other covari-
ates (see Table 4). TA'T score, SSc subtype and flossing even-
ing remained significant predictors in the multilevel model.
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Table 1. Characteristics of the participants (n = 48)

Mean + SD (range)

Characteristic or n (%)

Diagnosis and comorbidities
Diffuse cutaneous subtype
Disease duration (years)*
Oral aperture (mm)

TAT score > 6 (i.e. manual
dexterity impairment)

20 (41.7%)
7.6 + 6.1 (1.0-24.7)
36.5 + 9.7 (10.0-56.7)
36 (75.0%)

Contractures (hand/wrist/elbow) 12 (25.0%)
Tender/swollen hand joints 15 (31.2%)
Gastro-oesophageal reflux disease 38 (79.2%)
Sicca syndrome 14 (29.2%)
Sjogren’s syndrome 4 (10.4%)
Self-report dry mouth symptoms 35 (72.9%)
Drugs

Secretagogue 3 (6.3%)

Calcium channel blocker 26 (54.2%)
Immunosuppressant 11 (22.9%)

Socio-demographics
Age (years)
Female
African American® 26 (
Married/live together 22 (
Education (less than college) 27 (56.3%
Employment (FT and PT) 18 (37.5%
Not employed due to disability 14 (29.2%
17 (
17 (
19 (
19 (

50.7 + 13.0 (22-76)
38 (79.2%
54.2%
45.8%

Annual income (< $20,000) 35.4%

Annual income (> $55,000) 35.4%

No dental insurance 39.6%

Private dental insurance 39.6%
Oral health-related behaviours

NGNS INGINSINS NSNS

Dental visit (in past 12 months) 33 (68.8%)
Brush teeth (once a day) 16 (33.3%)
Brush teeth (at least twice a day) 31 (64.6%)
Brush teeth (evening) 31 (64.6%)
Floss teeth (never) 6 (12.5%)
Floss teeth (once a day) 18 (37.5%)
Floss teeth (at least twice a day) 7 (14.6%)
Floss teeth (evening) 26 (54.2%)
Use mouth rinse (never) 12 (25.0%)
Use mouth rinse (once a day) 12 (25.0%)
Use mouth rinse (twice a day) 4 (8.3%)

Use an oral irrigator 5 (10.4%)
Have difficulty flossing back teeth 26 (54.2%)
Have difficulty using dental 26 (54.2%)

floss to floss teeth
Non-smoker (current) 46 (95.8%)

Did not consume any cans of
regular size non-diet soda yesterday

FT, full time; PT, part time; SD, standard deviation; TAT, Tooth-
brushing Ability Test.

*n =42, due to missing data.

fOnly African Americans and Caucasians.

Discussion

Manual dexterity to perform oral hygiene as measured by
TAT, SSc subtype and flossing in the evening are the three
explanatory variables that were significantly associated with
the LLSGI score in the final multiple predictor model. Manual
dexterity to perform sufficient oral hygiene has been previ-
ously suggested to affect the oral health in people with SSc



Table 2. Effects on LSGI scores from unadjusted analysis

Variable Estimate  SE P-value

TAT score (impaired dexterity 0.257 0.119  0.037
versus not impaired)

SSc subtype (limited versus diffuse)  —0.219 0.098 0.031

Age (1 year increase) —0.009 0.004 0.015

Race (Caucasian versus —0.222 0.097  0.026
African Americans)

Income (1 unit increase) —0.022 0.010  0.030

Evening flossing (Yes versus No) -0.172 0.100  0.094

Cans of soda consumed in 0.194 0.070  0.008
previous day (1 can increase)

Dental visit in the past 12 —-0.197 0.106  0.069

months (Yes versus No)

SE, standard error; LSGI, Loe and Silness Gingival Index; TAT,
Toothbrushing Ability Test.

Table 3. Effects on LSGI scores from adjusted analysis by
multivariable linear regression

Variable Estimate SE P-value

TAT score (impaired dexterity 0.232 0.111  0.042
versus not impaired)

SSc subtype (limited versus diffuse)  —0.223 0.089 0.017

Evening flossing (Yes versus No) —0.207 0.090 0.027

Cans of soda consumed in 0.108 0.065 0.106

previous day (1 can increase)

SE, standard error; LSGI, Loe and Silness Gingival Index; TAT,
Toothbrushing Ability Test.

Table 4. Multivariate analysis for repeated measures of LSGI
scores by teeth location

Variable Estimate  SE P-value

Teeth location (posterior 0.106 0.028  0.001
versus anterior)

TAT score (impaired dexterity 0.239 0.110  0.036
versus not impaired)

SSc subtype (limited versus diffuse)  —0.217 0.089 0.019

Evening flossing (Yes versus No) —0.219 0.090 0.020

Cans of soda consumed in 0.110 0.065 0.099

previous day (1 can increase)

SE, standard error; LSGI, Loe and Silness Gingival Index; TAT,
Toothbrushing Ability Test.

(13). For example, a longer duration period to complete a
manual dexterity task was found to be associated with poorer
oral hygiene as measured by the PHP index in people with
SSc (13). However, case—control design studies usually do not
isolate specific factors that affect gingival health of people with
SSc (14, 36, 37). Findings from the present study suggest the
importance of dental health professionals to take manual dex-
terity into consideration when educating patients with SSc to
improve their oral hygiene. As powered toothbrushes have
been shown to reduce gingival inflammation in patients with
SSc (38), dental health professionals should consider recom-

Yuen et al. Factors associated with gingival inflammation

mending patients with SSc to use powered toothbrushes espe-
cially those with oscillating—rotating—pulsating feature to
compensate for decreased manual dexterity. In addition, they
may refer patients with SSc to an occupational therapist to
improve manual dexterity by connective tissue massage of the
hands, joint mobilization of the wrist as well as learning
specific finger- and hand-stretching exercise (47, 48).

As flossing in the evening was shown to be significantly
related to lower LLSGI scores (less gingival inflammation), den-
tal health professionals should educate patients with SSc on
the importance of flossing in the evening, especially those who
only floss once a day or less often. In the present study, about
half of the study participants who flossed once a day or less
often reported that they flossed in the evening (47.5% or 19 of
40). It is important for dental health professionals to discuss
with patients with SSc who floss once a day or less often on
barriers related to flossing more often and to perform flossing
in the evening, as well as to explore alternative strategies for
patients who do not floss. Strategies that may be acceptable
for those who do not floss may include the use of an alterna-
tive interdental cleaning device such as an oral irrigator (49) or
a non-alcohol based mouth rinse in the evening (50), which
may help to reduce the gingival inflammation. In the present
study, only 5 (10%) participants reported to use an oral
irrigator and 16 (33%) use mouth rinse at least once a day.

Patients with the diffuse form of SSc were shown to be
more at risk of gingival inflammation. However, no significant
association between SSc subtype and any of oral health behav-
iour variables or TA'T score was found. The cause of the gin-
gival inflammation may be attributed to the defective
vascularity and alterations in the microcirculation of the
gingival tissues leading to gingival bleeding (28, 29).

Given that posterior teeth had higher (i.e., worse) LLSGI
scores compared with the anterior teeth, it is important for
dental health professionals to emphasize to their patients the
importance of brushing and flossing the posterior teeth. In the
present study, more than half of the participants (54%)
reported having difficulty using dental floss or flossing poster-
ior teeth. Use of a children’s toothbrush with a smaller bristle
head may help some patients with microstomia (<40 mm oral
aperture) to better access and clean their posterior teeth. In
addition, an oral irrigator and an alcohol-free mouth rinse can
serve as a supplement to oral hygiene practices.

A finding of interest in the present study was that age was
negatively associated with LSGI scores among this group. As
young age was also significantly associated with diffuse form of
SSc subtype, this may partly explain the association of young
age with worse LLSGI score.

African Americans were the majority of participants (54.2%)
in the present study. We acknowledge that the sample in this
study is a convenience sample that may or may not represent
the SSc population; however, it should be noted that the
demographic characteristics (gender, type of SSc, incidence of
limited and diffuse form of SSc among African- and Cauca-
sian Americans, and mean age of SSc disease onset) of the
participants in the present study are similar to those reported
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in several large epidemiological studies conducted in the Uni-
ted States (5-7). For example, there were 3.8 times more
women than men in the present study; the proportion of lim-
ited and diffuse form of SSc was 58.3% versus 41.7%; more
African American participants were diagnosed with the diffuse
form (57.7%), and more Caucasian American participants were
diagnosed with the limited form (77.3%); and the mean age
of SSc disease onset among African American participants
was about 10 years younger than that of Caucasian American
participants (37.7 versus 50.1 years of age). In addition, con-
sistent with previous studies, there was no significant associa-
tion between LSGI scores and GERD (51) or duration of SSc
disease (37).

The present study investigated the factors that relate to gin-
gival inflammation in people with SSc. Future studies includ-
ing social determinants of gingival inflammation may reveal a
more comprehensive picture towards understanding the oral
health of people with SSc.
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