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ABSTRACT ARTICLE HISTORY
Objective: To explore whether plaque and gingival bleeding are more frequently experienced by ado- Received 11 January 2022
lescents with juvenile idiopathic arthritis (JIA) compared to matched controls without JIA; explore Revised 29 March 2022
whether surface- and site-specific periodontal outcomes vary between the two groups; and for partici- ~ Accepted 11 May 2022

pants with JIA, investigate associations between disease-specific features and periodontal outcomes.
Material and methods: In this comparative cross-sectional study, selected surfaces, and sites of index Adolescent; dental plaque;
teeth in 10-16-year-olds with JIA and matched controls were examined by modified versions of Simplified gingival dis,eases; oral
Oral Hygiene Index (OHI-S) and Gingival Bleeding Index (GBI). Mixed-effects logistic regressions, reporting health; juvenile

odds ratios (OR) with 95% confidence interval (Cl), were applied. Intra-class correlation coefficients (ICCs) idiopathic arthritis

were calculated to quantify the degree of dependency of measures within the same individual.

Results: 144 and 159 adolescents with JIA were evaluated according to OHI-S and GBI; corresponding

numbers of controls were 154 and 161. Plaque and gingival bleeding were more frequent in individu-

als with JIA than controls. Adjusted analyses showed association between JIA status and OHI-S >0 (OR

= 233, 95% Cl: 1.47 —3.67, ICC = 0.45) and GBI > 0 (OR = 1.54, 95% Cl: 1.10 — 2.16, ICC = 0.41 and

0.30). Surface-specific distribution of plaque varied among the two groups.

Conclusions: Our results highlight the importance of increased awareness of oral health care in

patients with JIA and that surface- and site-specific differences in periodontal outcomes exist between

individuals with JIA and controls. Few JIA disease-specific variables associated with plaque or gin-

gival bleeding.

KEYWORDS

Introduction recently, however, the reported prevalence has decreased
and is now on a level with that of the general population
[9,10]. Nevertheless, a recent systematic review, suggested
that plaque, gingivitis, and periodontitis were more common
amongst children and adolescents with JIA as compared to

Juvenile idiopathic arthritis (JIA) is the most prevalent
chronic arthritis condition in childhood and adolescence [1].
The likelihood of dental clinicians to meet young individuals
with JIA in their practice is high, especially in the Nordic
countries where relatively high incidence rates of JIA have individuals without JIA [9]. However, the included studies
been reported [2] and regular free oral health care to chil- Vvaried, being different in size, design, and statistical
dren and adolescents is often provided by the Public Dental ~approach, thus, the results should be interpreted
Service (PDS) [3]. In Norway, an incidence rate of JIA in 23/ with caution.
100,000 children per year has been demonstrated [2,4]. As the dentition involves multiple teeth, cIustering of
Historically, a high burden of dental caries has been measurements is common in dental research [11], with teeth
reported in children and adolescents with JIA [5-8]. More clustered within the patient. Units within a cluster may be
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exposed to identical external factors or share related charac-
teristics [12]. Hence, as periodontium is the supporting struc-
ture of the dentition, it is likely that oral hygiene and
gingival bleeding are more comparable around teeth within
the same patient (cluster), than between different patients.
The dependency between teeth within the same patient
requires adjustment, since ignoring this may lead to underes-
timated standard errors, too small p-values, and enhanced
chance of incorrectly rejecting the null hypothesis (Type |
error) [13]. The epidemiologic nomenclature of clustering
often refers to individuals nested within groups such as fami-
lies and schools, while dental research often presents a spe-
cial type of natural clustering [14] with surfaces clustered
within teeth and teeth clustered within individuals. Statistical
t-tests are frequently used in publications in dental journals
[11] and are a commonly used approach on measures aggre-
gated to patient level (e.g. GBI (Gingival Bleeding Index) or
OHI (Oral Hygiene Index)), even if the measures originally
were on tooth level. Hence, using simple statistical tests and
aggregated data (at patient level), additional information on
correlation (non-independency) within the patient is lost. We
sought to overcome this problem by using multilevel model-
ling, an approach which, to the best of our knowledge, has
not yet been applied in studies addressing periodontal
health among young individuals with JIA.

The aims of this study were to explore whether plaque
and gingival bleeding are more frequently experienced by
adolescents with JIA as compared to matched controls with-
out JIA. Additionally, we explored whether surface- and site-
specific periodontal outcomes vary between the two groups.
Finally, and specifically for participants with JIA, we investi-
gated possible associations between disease-specific features
and the periodontal outcome variables. We hypothesise that
participants with JIA have more plaque and gingival bleed-
ing, as well as more variance in surface- and site-specific dis-
tribution of the periodontal outcome variables than
participants without JIA (controls). We also hypothesise that
plaque and gingival bleeding vary according to the value on
JIA specific features within the group of JIA patients.

Material and methods
Study design

Baseline data from a prospective longitudinal multicenter
study, NorJIA!, are used in this comparative cross-sectional
sub-study evaluating periodontal health of adolescents from
10-16 years. The multicenter study included children and
adolescents (4-16 years old) diagnosed with JIA by a paedi-
atric rheumatologist according to the criteria defined by the
International League of Associations for Rheumatology (ILAR)
[15] and presented a written informed consent. There were
no participants with major medical comorbidities such as
congenital facial anomalies, skeletal dysplasia, or malignan-
cies in the cohort. Data for the present sub-study were col-
lected between April 2015 and August 2018. Baseline data
on dental caries has recently been published with a similar
methodological  approach  (sample size calculation
included) [10].

Participants

Three university hospitals, located in western, central, or
northern Norway, were involved in the recruitment.
Participant flow diagram are presented in Figure 1. A total of
228 individuals were included in the medical examination,
while four participants declined a further oral health assess-
ment. Participants having an oral examination (n =224) were
matched 1:1 with controls corresponding to sex, age, centre
site, and mothers’ country of origin (western or non-western).
The controls were enrolled from seven Public Dental Service
(PDS) clinics and did not have JIA or substantially no other
chronic diseases (Additional file 1, Supplementary Table 1).
Both rural and urban areas were represented. For the con-
trols, data collection was combined with a planned regular
dental examination and as an incentive for participation two
cinema tickets were offered. For this sub-study only adoles-
cents (10-16 years) were evaluated, hence 162 adolescents
with JIA and 162 controls were enrolled.

Questionnaires and construction of variables

A questionnaire including socio-behavioral and subjective
clinical information was given all participants (and/or
caregivers, as appropriate) [10]. Variables included in this
sub-study were educational level of caregivers, number of
caregivers in the household, mothers’ country of origin, fre-
quency of toothbrushing, frequency of tooth flossing during
the last 3 months, gingival bleeding during toothbrushing,
pain or discomfort during toothbrushing, frequency of intrao-
ral ulceration(s) and perception of dry mouth. Family name
of the participant was evaluated if the item regarding moth-
ers’ country of origin was missing (in Norway quite often the
family name of a child includes both father's and mother’s
name). Finally, participants with JIA, were asked if they had
received information about the importance of good oral
health in relation to the JIA diagnosis, and if so, they were
asked to specify the health profession of the communicator.
The coding of these self-reported variables is presented in
Additional file 2, Supplementary Table 1A. Specifically for
participants with JIA, exploratory data analysis was facilitated
by including the variables; JIA category, various blood tests,
medication, age of disease onset, disease duration, activity/
remission status, physician’s global assessment of disease
activity visual analogue scale (MDgloVAS), patient/parent-
reported global assessment of overall well-being visual ana-
logue scale (PRgloVAS), Childhood Health Assessment
Questionnaire (CHAQ) hygiene item tooth brushing. The cod-
ing is presented in Additional file 2, Supplementary Table 1B.

Examinations

The participants with JIA were examined by experienced
paediatric rheumatologists at one of the three university hos-
pitals. The disease-specific clinical background variables and
blood tests are described in detail in Additional file 3 [10]
and Additional file 4, respectively. The oral assessments of
selected index teeth, surfaces, and sites, carried out by one
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Individuals with JIA invited to participate
n =360

Controls invited to participate

Declined to participate
n=132

Underwent medical assessments
n=228

Declined additional assessments
n=4

Final inclusion - oral health assessment
n=224

Declined to participate
n="70

n=29%
[

Final inclusion - oral health assessment
n=224

Figure 1. Participant flow diagram of children and adolescents with juvenile idiopathic arthritis (JIA) and controls.

out of five dentists, are shown in Additional file 5,
Supplementary Table 1. As the present study is part of a
comprehensive oral health examination in the NorJIA project,
involving multiple clinical variables, a full mouth protocol
was not possible. Instead Simplified Oral Hygiene Index (OHI-
S) by Greene and Vermillion [16] was decided on, accordingly
selected index teeth were first permanent molars and one
incisor in the upper- and lower jaw. OHI-S consists of two
components, the simplified Debris Index (DI-S) and the sim-
plified Calculus Index (CI-S). However, registration of oral
hygiene was modified as subgingival calculus was not
recorded (supragingival calculus was recorded). Only fully
erupted teeth were scored, and in case of fixed orthodontic
appliances, the assessment was not done. Gingival bleeding
was evaluated on the same index teeth represented in
S-OHI, by using a modified Gingival Bleeding Index (GBI)
introduced by Ainamo and Bay [17]. This index was modified
as no horizontal movement of the probe on the surface was
performed, instead a vertical movement at three sites on the
respective surface (mesial, medial, and distal) was imple-
mented. Probing of the orifice of the gingival crevice was
done with a World Health Organisation (WHO) periodontal
measuring probe with a 0.5 mm ball tip. Additionally, fissure
of lip and/or corner of lip, gingival ulcers with discontinu-
ation of the epithelia of at least 3mm, buccal ridging,
tongue indentation, buccal gingival hyperplasia (buccal side
of the lower and upper anterior teeth), and potential mouth
dryness (by evaluating if dental mirror sticks to buccal
mucosa) were recorded. The coding of these variables is pre-
sented in Additional file 2, Supplementary Table 1C. The cod-
ing of the clinical oral variables is presented in Additional file
2, Supplementary Table 1D.

Training process

Prior to the study, the dentists underwent theoretical courses
in how to use the modified version of the OHI-S and the
modified version of the GBI. Uncertainties about the proce-
dures were discussed until clarity. The dentists were given a

plastic-coated instruction sheet of the written descriptions to
accompany the oral examinations as a guide. To illustrate
the force to be applied on probing of gingival sulcus to
determine gingival bleeding, the dentists practiced with a
dental probe on a digital letter weight (Wedo Package Scale
Paket 50 Plus). At two different sessions, three intervals with
seven attempts were performed.

Statistical methods

Data were analysed using SPSS version 25.0 (IBM Corp.
Released 2013, IBM SPSS Statistics for Windows, Armonk NY:
IBM Corp) and STATA version 16 (Stata Corp LP, College
Station, TX). To describe continuous demographic and clinical
variables mean and standard deviations (SD) were applied.
To evaluate differences in categorical variables between chil-
dren with and without JIA chi-squared tests were applied.
Linear regression models, with robust variance estimates cor-
recting for matching, were used to explore differences in the
aggregated indexes OHI-S and GBI, between the matching
pairs. The data of the modified version of the OHI-S (OHI-
S$>0) had a clustered 2-level hierarchical structure with sur-
faces/tooth (level 1) clustered within individuals (level 2) and
GBI (GBI > 0) had a clustered 3-level hierarchical structure
with sites/surfaces (level 1) clustered within teeth (level 2),
and teeth clustered within individuals (level 3).
Consequently, random intercept logistic models (RIM) were
applied. The levels in the multilevel models with regard to
the dichotomous periodontal outcome variables and back-
ground variables are illustrated in Additional file 6,
Supplementary Tables 1A and 1B. The formulas estimated
(using restricted maximum likelihood REML), for the 3-level
data, using mixed-effects (random intercept) logistic regres-
sion were:

logit(P(Yy = 1)) = Bo -+ BIXji + Bos + Boyj + €
Yii ~ Binomial(n;, p;)
Boi ~ N(0,52)


https://doi.org/10.1080/00016357.2022.2078505
https://doi.org/10.1080/00016357.2022.2078505
https://doi.org/10.1080/00016357.2022.2078505
https://doi.org/10.1080/00016357.2022.2078505

4 (&) EGGILETAL

2 2
icc ol + ol
v 2 2 2
2+ 02+ n2/3
) o2
icc, =

o2+ o2+ /3

icc, is the intra class correlation for the measurements clus-
tered within teeth, while icc, is the intra class correlation for
the measurements of the teeth clustered within individual.
For the 2-level data, the mixed-effects logistic regression
models were:

logit(P(Yy = 1)) = Bo + B1X; + B + €
Yy ~ Binomial(n;, p;)

Boi ~ N(O, 03)

2
Sy

iccy = 5—5—=
' o2+m2/3

icc, is the intra class correlation for the measurements of
the teeth clustered within individual.

The multilevel models account for clustering of periodon-
tal data for sites (k) within teeth (j) and within individuals (i).
By applying separate mixed-effects logistic models, intra-class
correlation coefficients (ICC) for the matching pairs were
tested. Outcome measure was periodontal data as repre-
sented by OHI-S>0 and GBI > 0 and the main exposure
variable was JIA group status (JIA/control group). Possible
confounders in the mixed-effects logistic regression analysis
were identified consequent to socio-behavioral, and subject-
ive clinical variables that were statistically significantly associ-
ated with JIA status and the respective periodontal outcome
variables (OHI-S >0 or GBI > 0). These possible confounding
variables together with oral variables statistically associated
with the periodontal outcome variables in unadjusted ana-
lysis and the main exposure variable (JIA/control group) were
adjusted for in the mixed-effects logistic regression analysis.
Specifically, for participants with JIA, age and gender were
adjusted for in the mixed-effects logistic regression analysis.
By calculating the ICCs the effect of dependency was eval-
uated at individual level (oral hygiene and gingival bleeding
data), and at tooth level (gingival bleeding data). The ICC
demonstrate variations between teeth and individuals as a
proportion of the total variance. ICC varies between 0 (imply-
ing the respective periodontal health variable is independent
within individuals/teeth) and 1 (implying no variation of the
respective periodontal health variable within an individual,
i.e. no variation between clusters). Scheffe post-hoc test was
used to adjust significance levels in multiple comparisons in
the mixed-effects logistics regressions. P-values below 0.05
were regarded as statistically significant.

Ethical approval

Approval was given regional ethics committee (2012/542/
REC). Leaders of different County Dental Health Authorities,
at different Oral Health Centre of Expertise, and at the three
paediatric departments at the university hospitals also
approved the study. Before participation written informed

consent was signed. The NorJIA study is registered at
ClinicalTrials.gov (No: NCT03904459).

Results
Sample characteristics

As previously described [10], the response rates for the indi-
viduals with JIA and controls were 63.3% (228/360) and
76.2% (224/294), respectively (Figure 1). The proportion of
girls was less among the eligible individuals with JIA who
declined participation, compared to the participants with JIA
(58.3% vs 59.2%, p=.027) [10]. Also, mean age among the
individuals with JIA who declined participation was smaller
compared to the cohort as a whole (10.5 (SD 3.5) years,
p<.001) [10].

The 224 participants with JIA who recieved an oral health
examination were matched to a control [10]. Mean age of
both individuals with JIA and controls was 12.0 years (SD
3.2) (p=.974). Also 133 (59.4%) of the participants with JIA
were girls, corresponding number in the control group were
134 (59.8%). Among the 224 pairs, 211 (94.2%) of the pairs
were matched in relation to mother's background of origin
(for 10 individuals the family name was evaluated).

Oral hygiene and gingival bleeding were exclusively
assessed on participants 10 years and older resulting in 162
individuals with JIA and 162 controls. For this sub-study, a
total of 144 and 159 individuals with JIA were evaluated
according to OHI-S and GBI, corresponding numbers for the
control group were 154 and 161 (Additional file 5,
Supplementary Table 1). The age group in this sub-study cor-
respond to adolescence according to the World Health
Organisation [18].

Ninety-four mothers in the JIA group (62.3%) vs. 111
(76.6%) in the control group had higher education (p=.008)
(Table 1). Corresponding figures for fathers were 62 (41.9%)
and 86 (60.6%) (p=.001). A larger proportion of individuals
with than without JIA, confirmed dry mouth on a regular
basis (7.9% vs. 2.5%, p=.030). Forty-three responders with JIA
(43/149, 28.9%) reported that they had received information
about the importance of good oral health in relation to the
JIA diagnosis. The information was mainly communicated by
physicians and dentists (results not shown). Potential oral
health risk factors (concomitant diagnoses and use of medi-
cation among the participants) are presented in Additional
file 1, Supplementary Table 1.

Experience of plaque and gingival bleeding in
individuals with and without JIA

The two components of the modified OHI-S; DI-S and CI-S
showed a mean score of 0.66 (SD 0.38) and 0.03 (SD 0.09) in
individuals with JIA, and 0.54 (SD 0.40) and 0.03 (SD 0.09) in
controls, respectively. Sixteen individuals with JIA and 16
controls had calculus (CI-S > 0). Mean OHI-S score altogether
was 0.69 (SD 0.39) amongst individuals with JIA and 0.57 (SD
0.42) amongst the controls. All scores, except for the CI-S,
showed statistically significant differences between the two
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Table 1. Socio-behavioral, and subjective clinical characteristics of 162 individuals with juvenile idiopathic arthritis and 162 controls, aged 10-16 years.

Variable JIA (n=162) Controls (n=162) p-value
Educational level of caregivers, n (%)
Mother .008
High school/vocational school 57 (37.8) 34 (23.5)
University/college 94 (62.3) 111 (76.6)
Father .001
High school/vocational school 86 (58.1) 56 (39.4)
University/college 62 ( 86 (60.6)
Share household with, n (%)
Two caregivers in the household* 119 (76.8) 130 (81.3) 329
Only one caregiver in the household 36 (23.2) 30 (18.8)
Frequency of toothbrushing, n (%)
Once a day or less/do not know 33 (21.3) 38 (23.9) 581
Twice a day, or more 122 (78.7) 121 (76.1)
Frequency of tooth flossing during the last 3 months, n (%)
Daily or more 16 (10.4) 16 (10.1) 924
Several times weekly or less/do not know 138 (89.6) 143 (89.9)
During toothbrushing, gingival bleeding occurs, n (%)
Sometimes or more/do not know 96 (62.3) 85 (53.5) 112
Never 58 (37.7) 74 (46.5)
During toothbrushing, pain or discomfort occurs, n (%)
Yes/do not know 20 (13.2) 21 (13.2) 990
No 132 (86.8) 138 (86.8)
Frequency of intraoral ulceration(s) (>3 mm), n (%)
Once a month or more 11 (7.5) 17 (10.6) 348
Several times yearly (but less seldom than once a month) or less/do not know 136 (92.5) 144 (89.4)
Perception of dry mouth on a regular basis, n (%)
Yes 12 (7.9) 4 (2.5) .030
No/do not know 140 (92.1) 157 (97.5)

*The variable includes living across two households, given two caregivers in both households. Not all participants responded to the questionnaires. Chi-squared

test level of significance p<.05.
Significant values are marked in bold.

groups (p<.012). The OHI-S score had a beta (mean differ-
ence between individuals with JIA and controls) of 0.12 (95%
Cl: 0.03—0.21) (p=.010) when correcting for matching pairs.
Figure 2 demonstrates mean score with error bars of the
modified DI-S, CI-S and OHI-S, separately for individuals with
and without JIA. Mean percentage score of the modified GBI
showed a statistically higher value in individuals with JIA
than in controls (17.72 (SD 16.83) vs. 12.56 (SD 14.32),
p=.004). The GBI score had a beta (mean difference between
individuals with JIA and controls) of 5.16 (95% Cl:
1.67 — 8.66) (p=.004) when correcting for matching pairs.
Figure 3 demonstrates mean percentage score with error
bars of the modified GBI, separately for individuals with and
without JIA.

Multilevel analyses

The correlation between the matching pairs for the dicho-
tomised outcome variables OHI-S>0 and GBI > 0 were
weak (ICC 0.01 and ICC < 0.001, respectively), conse-
quently the original matching in the data was not accounted
for in the final multilevel models. Regressing OHI-S (presence
of plaque (DI-S>0) and/or calculus (CI-S>0) on JIA status
while adjusting for socio-behavioral, and clinical characteris-
tics showed a statistically significant association between JIA
status and OHI-S>0 (Odds Ratio (OR) 233, 95%
Confidence Interval (Cl): 1.47 — 3.67) (Table 2). Corresponding
finding for gingival bleeding (GBI > 0) was OR = 1.54, 95%
Cl: 1.10—2.16 (p=.013) (Table 2). Independent of JIA status,
molars were more likely to present with OHI-S >0 compared
to incisors (OR = 5.43, 95% CI: 3.73 —7.91, p<.001), and lin-
gual surfaces (36, 46) were more likely to present with OHI-

$>0 compared to buccal surfaces (11, 31, 16, 26) (OR =
2.81, 95% Cl: 1.67 — 4.73, p<.001). Corresponding ORs for GBI
> 0 were 1.78 (95% ClI: 1.31 —2.42, p<.001) and 1.24 (95%
Cl: 0.83—1.83, p=.291). In the multilevel model with oral
hygiene (OHI-S > 0) as outcome variable, the ICC at individual
level with no covariates was 0.32, demonstrating that 32% of
the variance in the oral hygiene variable was between rather
than within individuals. In the adjusted analysis, the ICC was
0.45. Corresponding ICC with gingival bleeding (GBI > 0) as
outcome variable were 0.29 and 0.30, respectively. The ICC at
tooth level with gingival bleeding (GBI > 0) as outcome vari-
able was 0.43 with no covariates, demonstrating that 43% of
the variance in the gingival bleeding variable was between
rather than within teeth. In the adjusted analysis, the corre-
sponding ICC was 0.41. All ICCs were statistically signifi-
cant (p<.001).

Surface- and site-specific periodontal health by group
affiliation

Table 3 depicts the results from mixed-effects modelling
regressing side-, jaw-, and surface-specific traits on OHI-S >0
and side-, jaw-, surface- and site-specific traits on GBI > 0,
separately for individuals with and without JIA. Figure 4 and
Figure 5 demonstrate prevalence with error bars of OHI-S >0
at surface level and GBI > 0 at site level, separately for indi-
viduals with and without JIA. There was a statistically signifi-
cant interaction between surface and group affiliation
(p<.001) on OHI-S > 0. Whereas the interaction between sur-
face and group affiliation (p=.351), and site and group affili-
ation (p=.27) were nonsignificant on presence of gingival
bleeding (GBI > 0). Among both individuals with JIA and
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Figure 3. Mean percentage score of Gingival Bleeding Index (GBI) among individuals with juvenile idiopathic arthritis (JIA) and controls.

controls, the likelihood of OHI-S>0 was statistically signifi-
cantly less on buccal surface of maxillary central (OR = 0.20,
95% Cl: 0.12—-0.34 and OR = 0.14, 95% Cl: 0.08 — 0.26) and
on buccal surface of mandibular central (OR = 0.17, 95% Cl:
0.10 — 0.28 and OR = 0.18, 95% Cl: 0.10 — 0.31) compared to
buccal surface of maxillary 1. molars. Among the controls
only, the ORs of OHI-S >0 was statistically significantly less in
maxilla compared to mandibula (OR = 039, 95% Cl:
0.28 — 0.53) and statistically significantly larger on lingual

surface of mandibular 1. molars than on the buccal surfaces
of maxillary 1. molars (OR = 5.63, 95% Cl: 3.57 — 8.88).

Disease-specific variables associated with the
periodontal health variables

Adjusted mixed-effects logistic regressions showed a statistic-
ally significantly higher risk of OHI-S> 0 in individuals with
systemic arthritis, compared to individuals with oligoarthritis
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Figure 4. Percentage (95% confidence interval represented as error bars) of plaque or calculus (OHI-S > 0) at surface level among individuals with juvenile idio-

pathic arthritis (JIA) and controls.

Norwegian regional paediatric rheumatology centres were
involved in the recruitment, all JIA categories were included,
and the sample size was relatively large in this field of
research. However, potential non-response bias for individu-
als with JIA should not be disregarded [23]. Other limitations
in the present study were the use of index teeth, as a full
mouth registration could potentially be more informative,
also a full mouth protocol would have statistical advantage,
however results demonstrate appropriate power. The present
study did not consider that some participants had erupting
premolars adjacent to index-teeth examined. Mixed dentition
may have an impact on the oral environment, however the
mesial surfaces being closest to erupting premolars were not
scored. Also, the impact of non-steroidal anti-inflammatory
drugs (NSAIDs) frequently used by individuals with JIA and
folic acid supplementation, administered to prevent side
effects of methotrexate [24], might have been evaluated.
NSAIDs and folic acid constitute potential confounders to
gingival bleeding as NSAIDs are suggested to decrease
inflammatory signs of gingivitis [25], and it has been sug-
gested that supplementation of folic acid improves gingiva’s
resistance to local irritants, hence reduces gingival inflamma-
tion [26]. Another limitation was the modification of the
diagnostics tools, complicating comparisons with other epi-
demiological studies.

In our study we found that individuals with JIA were
more likely to have plaque and gingival bleeding compared
to their peers. This compares well with the study of Welbury
et al. [8], presenting the highest sample size in the previously
mentioned systematic review [9]. A recently published article
from 2019 [27], thus not included in the systematic review,
with a relatively large sample size (85 individuals with JIA)

found gingival inflammation as measured by bleeding on
probing (BOP) to be increased in adolescents with JIA. In our
study one might speculate that the higher level of education
amongst caregivers in the control group as compared to the
JIA group might have biased the results, as more frequent
toothbrushing and lower plaque score are reported in ado-
lescents with caregivers having higher educational level [28].
However, we found no association between caregivers’ edu-
cational level and plaque or gingival bleeding in the
adjusted analysis in the present study. Only two studies
[27,29] focussing on gingival health among individuals with
JIA have described socioeconomic background characteristics
of the participants, and only Grevich et al. [27] adjusted for
socioeconomic covariates known to influence oral health
[30]. This could perhaps be a component in explaining the
divergent findings in this field.

Accumulation of dental plaque, denoted as biofilm, is
affected by the ability and motivation of oral hygiene pro-
cedures. Function ability, e.g. disability in upper limbs or
temporomandibular joints (TMJs) has been highlighted as a
risk factor for reduced oral hygiene among individuals with
JIA [8,31,32]. In the present study, there was no difference
in the reported oral behaviours between individuals with
and without JIA, but individuals with JIA reporting difficul-
ties with tooth brushing, according to CHAQ hygiene item
Tooth brushing, had higher risk of gingival bleeding, com-
pared to individuals with JIA reporting no difficulties. This
finding is most likely consistent with plaque-induced gingi-
vitis. Nevertheless, other host factors, such as salivary com-
position and amount, diet, gingival inflammation, chewing
effects and movements of the soft tissues, status of tooth
surface, and the microbial composition of the biofilm itself
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may play a role in the amount of plaque accumulation
[33,34]. In total absence of oral hygiene [35] and if oral
hygiene were performed, but without special instructions
[36], more plaque accumulation in molars compared to
anterior teeth and in mandibular dentition compared to
maxillary dentition, have been demonstrated [35,36]. In the
present study, molars presented a higher risk of plaque as
compared to anterior teeth, but only the control group had
a significant increased risk of plaque in the mandible, com-
pared to the maxilla. Microbial species have also shown to
differ significantly across tooth types and location, with the
highest mean total count at the lower molars [34].
Significant difference between the two groups in the pre-
sent study were notable for buccal surface of first perman-
ent molars in the maxilla, presenting increased risk of
plaque, and possibly an increased risk of gingival bleeding
of mediobuccal site in the individuals with JIA as compared
to the controls. Altered salivary composition and flow rate
among individuals with JIA are reported [7,37-42], as saliva
significantly influences dental biofilm [43] the proximity of
buccal surface of first molars to the exit of the parotid
ducts may postulate a relation between increased risks of
plaque on this surface among individuals with JIA.
Considering the statistically significant interaction between
surface and group affiliation on presence of plaque in the
present study, biological host variations point towards a
role in the variation in distribution and amount of plaque
between individuals with JIA and controls, however the
nature of plaque are fluctuating, and only longitudinal stud-
ies can detect such relations.

Grevich et al. [27] suggested microbiota as a potential
contributing factor to the disease pathogenesis of JIA and
gingivitis. A recent NorJIA-based study by Frid et al. [44]
evaluated salivary oral microbiome, plaque, and gingival
bleeding score of some of the individuals with JIA (n=59)
and controls (n=34), also included in the present study.
Among the individuals with JIA, a higher abundance of
microbiota associated with chronic inflammation was found,
and dysbiosis of the salivary microbiome in individuals with
JIA was suggested to trigger local immune response, includ-
ing gingival bleeding. Different systemic factors may modify
the immune-inflammatory response, such as medication [45]
and nutrition [46,47], and perhaps some individuals with JIA
are more prone to gingival bleeding due to susceptibility of
disrupted symbiosis between the biofilm and host immune-
inflammatory response, known to cause gingivitis [48]. To
our knowledge, only one other study [27] has explored the
association between disease-specific features and periodontal
health outcomes in young individuals with JIA by use of
regression analyses. In the present study no JIA disease-spe-
cific feature were found to be associated with gingival bleed-
ing, except the CHAQ hygiene item Tooth brushing. Age at
JIA onset was found to be associated with increased risk of
plaque in the present study. Some researchers suggest
mechanisms of JIA disease vary with age at onset [49], but it
is difficult to make any presumptions regarding this finding.

This study clearly demonstrates the need for improved
oral hygiene among individuals with JIA. A meta-analysis
from 2011 [50] “showed that plaque accumulation and gin-
gival inflammation scores significantly increased the
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Table 5. Other clinical characteristics of oral cavity among individuals with juvenile idiopathic arthritis (JIA) and con-

trols >10 years.

Variable JIA (n=162) Controls (n=162) p-value

Fissure of lip and/or corner of lip, n (%)
No clear findings 154 (98.1) 155 (95.7) 217
Yes 3 (1.9 7 (4.3)

Gingival ulcers with discontinuation of epithelia of at least 3 mm, n (%)
No 154 (98.7) 156 (96.3) .168
Yes 2 (1.3) 6 (3.7)

Buccal mucosa ridging, n (%)
No 133 (84.7) 133 (82.1) 531
Yes 24 (15.3) 29 (17.9)

Tongue indentation, n (%)
No 145 (93.0) 140 (86.4) .056
Yes 11 (7.1) 22 (13.6)

Gingival hyperplasia (buccal side of the lower and upper anterior teeth), n (%)
No clear findings 156 (97.5) 152 (93.8) .106
Yes 4 (2.5) 10 (6.2)

Dental mirror sticks to buccal mucosa, n (%)?
No 158 (98.1) 162 (100.0) .081
Yes 3 (1.9) 0 (0.0

Potential mouth dryness was recorded by evaluating if dental mirror sticks to buccal mucosa. Some registrations

are missing.
Significant values are marked in bold.

prevalence of bacteraemia following toothbrushing”.
Considering the immunosuppressant therapy used by many
of the young individuals with JIA, optimal oral health and
professional maintenance in this group is emphasised.

JIA encompasses a heterogenous group disease categories
requiring individualised and optimised treat-to target strat-
egies. While remission on medication is an accessible goal
for many, more focus will switch to treatment tolerance,
adverse events and risk of infections. Future research should
address longitudinal studies with adequate sample sizes in
more homogeneous JIA groups with special focus on disease
activity, drug exposure, and its relation to oral health status.
Furthermore, to increase knowledge of plausible susceptibil-
ity to periodontal disease among individuals with JIA, studies
specifically targeting host variation with regard to immune
response, microbial diversity, salivary gland involvement, and
nutrition are needed.

Conclusions

Plaque and gingival bleeding were more frequently experi-
enced in individuals with JIA as compared to controls with-
out JIA. Multilevel analyses showed an interaction between
surface and group affiliation on the presence of plaque. Few
JIA disease-specific variables were associated with plaque or
gingival bleeding, however, results suggest that certain fea-
tures may increase individual's susceptibility. Our results
underscore the importance of increased awareness of oral
health care in patients with JIA amongst health
care providers.

Note

1. The Norwegian JIA Study - Temporo-mandibular Involvement, Oral
Health, Uveitis, Bone Health and Quality of Life in Children with Juvenile
Idiopathic Arthritis (JIA).
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