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A B S T R A C T

Aims: The purpose of this studywas to evaluate the effect of the corticosteroid therapy for both treatment
of juvenile systemic lupus erythematosus and disease activity on twomasticatorymuscles and condyle of
the temporomandibular joint.
Methods: A total of 21 controls and 48 juvenile systemic lupus erythematosus patients were investigated.
Volumes of the temporal and masseter muscles and condyle of the subjects were assessed by using a 3D
reconstruction in magnetic resonance imaging. The ITK-SNAP, a medical imaging software, was used for
3D reconstruction. A dental examination with registration of occlusion was performed in subjects. Data
were statistically analyzed by means of the Dahlberg’s test associated with paired t-test, Fisher’s exact
test and Chi-square.
Results: Therewas a positive correlation between temporalismuscle and age (p = 0.032),masseter volume
(p = 0.029) and condyle volume (p =0.013). The mean volume measurements of temporal and masseter
muscles and condyle were not statistically associated with juvenile systemic lupus erythematosus
regarding disease activity and corticosteroid therapy (p >0.05). There were no significant differences
between malocclusion and volume of muscles and condyle.
Conclusion: This study suggested that volume of the target structures has no correlationwith cumulative
corticosteroid dose, disease activity, and malocclusion.

© 2017
1. Introduction

Juvenile systemic lupus erythematosus (JSLE) is a chronic
multisystem inflammatory disease of unknown etiologywhich can
affect many organs, including joints, skin, heart, lungs, kidneys,
and nervous system. Approximately 15–20% of all cases of JSLE
involve children and adolescents, [31_TD$DIFF]1,2 with these individuals usually
having a more serious course of the disease than adults as the
damage increases over time.[32_TD$DIFF]1

In JSLE, the skeletalmuscle involvement is observed in 43%–92%
of the patients as they present with weakness, myalgia and
atrophy.[33_TD$DIFF]3–5Myopathies, with reduced muscle strength and atro-
phy, may be part of the disease condition or associated with the
ntics and Radiology, UNICID,
SP CEP 03071-000, Brazil.
continuous use of corticosteroid therapy.[34_TD$DIFF]6,7 Other complications
from the effect of corticosteroid on themusculoskeletal system are
avascular necrosis, osteoporosis and growth failure.[35_TD$DIFF]8

Muscular function plays an important role during growth9.
Some authors have found an association between functional
capacity of the masticatory muscles and craniofacial morphology,[36_TD$DIFF]
9,10including a possible etiological factor in the development of
malocclusion.

Temporomandibular joint (TMJ) involvement can be affected in
patients with systemic lupus erythematosus[37_TD$DIFF]11 as they have
changes in the condyles, including flattening, erosions, osteo-
phytes, and sclerosis.[38_TD$DIFF]12,13These can be linked to both disease
activity and chronic use of corticosteroids,[39_TD$DIFF]14 leading to loss of joint
cartilage and bone destruction, may causing growth disturbances.

To the best of our knowledge, there are no studies in the
literature evaluating facial muscles and imaging of TMJ changes in
JSLE patients. The purpose of this study was to evaluate
associations of the volumes of masseter and temporal muscles
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and TMJ condyle with steroid therapy and disease activity in
patients with JSLE.

2. Materials and methods

2.1. Study participants

Subjects for this study were a subset of a previously research of
the central nervous system manifestations in JSLE patients (the
original sample was comprised of 57 subjects). For the current
study, a subset of 48 JSLE individuals were studied based on their
regular follow-up visits to the pediatric rheumatology outpatient
clinic at the university hospital of UNICAMP from the original
sample. Clinical and laboratory manifestations were according to
an already established protocol.[40_TD$DIFF]15,16 Inclusion criteria were:
patients with age of onset of disease �18; and previous MRI scan.
During the initial clinical visit, an examiner explained the study.
The control group comprised 21 healthy subjects who had no
rheumatic disease history. The study was approved by the
Institutional Review Board of the UNICAMP, and informed consent
was obtained from each participant and/or legal guardian, prior to
their inclusion in the study.

Exclusion criteria included: impaired visualization of the
temporal and masseter muscles and condyle; impaired visualiza-
tion of details; low sharpness images resulting from patients’
movements during scanning; signs of previous trauma; presence
of metal prosthetics and accessories, any history of TMJ therapy
and orthodontic treatment.

Laboratory findings were recorded at time of subjects were
selected to the study.

2.2. MRI acquisition

All patients and controls underwent the same protocol for 3D
sagittal acquisition on a 3T scanner (Philips Medical Systems, Best,
The Netherlands) as follows: T1-weighted images (voxel size =1

[(Fig._1)TD$FIG]

Fig. 1. Opening screen of the ITK/SNAP software showing multiple planar views (sagitt
rendering.
�1�1mm3), flip angle =35�, TR = 22, TE = 9, matrix =256�220,
and FOV=230�250 cm.

2.3. MRI volumetric analysis

Weused theMRIcro software (www.mricro.com) to convert the
original DICOM format into ANALYZE format. [41_TD$DIFF]17After format
conversion, the ITK-SNAP software[42_TD$DIFF]18 was used to analyze the
images and to segment the temporal andmassetermuscle and TMJ
condyle. Temporal and masseter muscles were chosen because
they are easily seen in brain MRI scans.[43_TD$DIFF]19 Segmentation is the
process bywhich image points (voxels) are accordingly assigned to
a specific anatomic structure.[41_TD$DIFF]17 The selected regions were
manually traced on the MRI slices by a trained orthodontist (5-
years’ experience in MRI of TMJ), blinded to the clinical diagnosis
andwho used a computermouse to drawa line around themuscles
and condyles borders. [44_TD$DIFF]20The images were randomized in order to
prevent the examiner to be aware of the condition (patient or
control) from the scan she was segmenting. Axial, coronal, and
sagittal planes were used to ensure anatomical accuracy (Fig. 1).
The target structure was manually marked in all selected slices
until the structure was fully delimited, following careful realign-
ment of the region of interest, assigning different colors to each
anatomic structure. Subsequent to the segmentation, the software
generated 3D Images.[41_TD$DIFF]17 Segmentation consisted only of the
condyle and a portion of the ramus, superior limit of the condylar
head and sigmoid notch, which were determined for boundary
delimitation. [41_TD$DIFF]17 For the following structures, separate volume
measurements were made: right and left masseter muscles, right
and left temporal muscles and right and left condyles (Fig. 2).
Volume measurements were automatically calculated by multi-
plying the number of voxels in each region by the voxel volume. [42_TD$DIFF]
18Therefore, the 3D model and the volume in mm3 were acquired
with the software.

The same examiner (SLG) performed all the delimitation
procedures. Calibration was performed twice aiming to analyze
al, coronal and axial) with segmentation and 3D surface model displaying volume

http://www.mricro.com
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Fig. 2. 3D view of themuscles and condyle; right and left condyles are shown in pink and light blue, respectively; left and rightmasseter and temporal muscles in yellow, red,
green and blue, respectively.
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the intra-examiner agreement. After an interval of 21 days, the
samplewas re-evaluated in the samemanner for assessment of the
reproducibility of the method.

2.4. Cumulative corticosteroid dose

The mean cumulative corticosteroid (CC) dose was calculated
from medical charts for every patient. All patients were using oral
corticosteroids and at time blood withdrawal no patients were
taking any other medication.

2.5. Evaluation of disease activity and cumulative damage

Disease activity was measured by using the Systemic Lupus
Erythematosus Disease Activity Index (SLEDAI). [45_TD$DIFF]21 The SLEDAI
scores range between 0 and 105,with scores of >3 being considered
active disease.[46_TD$DIFF]22,23 Active nephritis was diagnosed on the basis of
renal items of the SLEDAI (proteinuria exceeding 0.5 g/L, abnormal
urinary sediment, lowcomplement levels). Cumulative SLE-related
damage in all patients was determined using the Systemic Lupus
International Collaborating Clinics (SLICC)/ACR Damage Index
(SDI)[47_TD$DIFF]23 at time of blood withdrawal.

2.6. Clinical dental examination

The patient group participated in a standardized clinical dental
examination[48_TD$DIFF]24–26 performed by a calibrated dentist. Patients
were evaluated after MRI scan (12 months). The examinations
were executed using mouth mirrors and disposable wooden
spatulas under natural light and with the subjects sitting on an
ordinary upright chair; linear measurements were taken using a
Vernier Caliper. Each patient was evaluated for Class I, Class II, and
Class III malocclusion (according to: the Class II or Class III molar
sagittal relationship (permanent dentition) or canine relationship
(deciduous and mixed dentition)), and presence of other con-
ditions such as posterior or anterior crossbite, overjet (>3mm),
overbite (<1mm or >4mm), anterior and posterior crossbite,
midline deviation (>2mm), and crowding (or spacing larger than
3mm in the permanent dentition) were observed as well.

We were unable to include the clinical examination for the
control group. The subjects declined the invitation to come to our
medical center, and a short telephone interview was conducted to
find information about previous orthodontic treatment.

2.7. Data analysis

Comparisons of the volumetric data were performed by using
averages. Intra-examiner agreement for volume measurements
was assessed by using the Dahlberg’s test associated with paired
“t” test. Distribution of frequencies and continuous variables were
evaluated by using Fisher’s exact test and Chi-square, with paired
t-test comparing volumes in the left and right sides. Pearson’s
correlation coefficients were calculated to evaluate the association
of the variables (i.e. age, SLEDAI and CC) with median volumes of
muscles and condyle. To assess the relationship among patient's
malocclusion with median volumes of muscles and condyle was
studied with Pearson’s correlation coefficients. We fitted a linear
regression model for volumes of the structures and effect of the
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variables (i.e. age, SLEDAI and CC). For all analyses, p<0.05 was
considered statistically significant. Data were entered into a
database and the SPSS software (Statistical Package for Social
Sciences, v. 13.0, SPSS Inc, Chicago, IL, USA) was used.

3. Results

3.1. Demographics

We included 48 consecutive childhood-onset SLE patients (45
females, 3 males, median age of 17.4 years, and age range of 9–30
years old). The control group consisted of 21 healthy volunteers (14
females, 7 males, median age of 20 years, and age range of 10 to 28
years old). Disease duration was 4.71 years (SD�4.57; range 026).

3.2. Clinical, laboratory, and treatment features

All patients had disease onset before the age of 16. At the time of
study entry, 40 patients had active disease (SLEDAI53) with
median SLEDAI scores of 8 (range 4–18), whereas 8 inactive
patients had a median SLEDAI score of 0 (range 0–2).

Cumulative SLE-related damage in all patients was determined
using the Systemic Lupus International Collaborating Clinics
(SLICC)/ACR Damage Index (SDI) measured at the time of blood
withdrawal. The SDI scores ranged from 0 to 47.

3.3. Clinical occlusion

The percentages and types of malocclusion in patients group
can be seen in Table 1. The most common malocclusion features
were decreased overbite (26.7%), increased overjet (13.3%) and
crossbite (13.3%). Regarding the overall prevalence of malocclusion
class, 70% of the subjects had Class I malocclusion. The frequencies
of Class II and Class III, malocclusions were 16.7% and 13.3%,
respectively.
Table 1
Frequency of different types of malocclusion in patients group.

Malocclusion %

Overjet increased 13,3
decreased 16,7

Overbite increased 16,7
decreased 26,7

Malocclusion-Class Class I 70
Class II 16,7
Class III 13,3

Dental Midline shift 6,7
Crossbite Unilateral 3,3

Bilateral 13,3

Crowding Superior 10
Inferior 6,7
Superior e Inferior 3,3

Diastema Superior 6,7
Inferior 6,7
Superior and Inferior 6,7
3.4. Volumetric features

As no significant differences between the right and left sides
were observed in the volume values of the structures (t-test, P-
value >0.05), the analyses were conducted by using the average of
both sides for each volume measurement as dependent variable.

The mean volume measurements of temporal and masseter
muscles and of the condyle are listed in Table 2. The patient group
had structures with lower mean volume. With regard to the
masseter muscle, the volume was significantly lower than in the
control group (P =0.020), and the difference in the volume of the
condyle was not significant. As can be seen, temporal muscle and
condyle values in the JSLE group were not statistically different
compared to those in the control group (P = 0,139 and P = 0.096,
respectively).

Intra-examiner agreement was evaluated by using the Dahl-
berg’s test. High intra-examiner indexes were found (Table 3) and
there were no significant differences between patients and
controls regarding age (P =0.89) and gender (P =1).

This study was performed to correlate the volumetric statistical
analysis of the condyle and of themasseter and temporalismuscles
with age, SLEDAI index, and total corticosteroid doses (i.e. total CC).
Significant correlations were found between temporalis muscle
volume and age (P =0.032) as well as between masseter muscle
volume (P = 0.029) and condyle volume (P =0.013). Pearson’s
correlation and P values for all correlation analyses are presented
in Table 4. Therewas no correlation between SLEDAI and total CC in
any of the structures (P >0.05).

In Table 5, volume of target structures did not significantly
correlate with malocclusion Class and malocclusion features
(Pearson correlation coefficients, P >0.05).

Linear regression revealed an association between age and
volume of the structures (Table 6).

4. Discussion

Although JSLE is a chronic disease, early reductions in the
disease activity have improved the survival rate over the last two
decades.[49_TD$DIFF]1 Corticosteroid therapy iswidely used in the treatment of
JSLE due to its anti-inflammatory and immunosuppressive
capacities. Therefore, it is expected a decrease in bone-mineral
density[50_TD$DIFF]8 as well as myopathies (e.g. muscular atrophy) [51_TD$DIFF]5,8 in
patients with JSLE.

Corticosteroid-induced muscle atrophy is initiated by catabolic
conditions and the actions of the medication during muscle
deterioration are complex, reflecting a regulation of several
mechanisms at molecular level inducing both synthesis and
degradation of muscle proteins.[52_TD$DIFF]27 The long-term use of cortico-
steroids can cause a breakdown of the cartilage matrix in the joint
as this affects protein synthesis, inhibiting osteoblast proliferation/
Table 2
Mean volumetric measurements in patients and controls.

Group N Mean (mm3) S.D. P

Muscle Temporal Patients 48 29883,396 7598,9665 0,139
Controls 21 32904,310 7951,6208

Muscle Masseter Patients 48 21922,542 5575,8893 0.02
Controls 21 26792,810 6342,0383

Condyle Patients 48 1077,563 352,7240 0,096
Controls 21 1238,381 388,9481

Significant difference between groups at P< .005.



Table 3
Intra-examiner evaluation at two different times (T1 e T2) by application of the Dahlberg’s test associated to the paired T test.

Volume (mm3) measurement S1 S2 T test Dalhlberg

mean SD mean SD

Left temporal muscle 35589,40 7783,35 35792,27 8348,31 0,554 897,015
Right temporal muscle 35852,27 8152,53 35453,13 7895,00 0,169 781,661
Left masseter muscle 27246,00 6255,53 26811,27 5898,47 0,382 1310,925
Right masseter muscle 27738,87 6544,05 26774,87 6474,00 0,046 2,194
Left condyle 1023,67 273,79 989,40 271,71 0,253 79,783
Right codyle 1093,33 371,54 1057,33 372,17 0,186 72,989

S1: first time; S2: second time; SD: standard deviation.
Significance level set at p<0.05.

Table 4
Pearson’s correlation among temporal and masseter muscles and condyle volumes with age, cumulative Sledai and CC.

Temporal Muscle Masseter Muscle Condyle

p Pearson’s correlation p Pearson's correlation p Pearson’s correlation

age 0,023* 0,312 0,029* 0,301 0,013* 0,338
cumulative Sledai 0,800 -0,044 0,849 -0,033 0,624 0,086
CC 0,091 0,261 0,128 0,236 0,068 0,281

CC: cumulative corticosteroid dose.
* Statistical significance by adopting p<0.05.

Table 5
Pearson’s correlation between volumetric target structures and malocclusion.

Temporal Muscle Masseter Muscle Condyle

p Pearson’s correlation p Pearson’s correlation p Pearson’s correlation

Overjet 0,827 0,057 0,949 �0,017 0,454 0,195
Overbite 0,705 0,099 0,806 0,064 0,794 0,069
Malocclusion-Class 0,827 0,057 0,949 �0,017 0,454 0,195
Midline shift 0,176 0,344 0,233 0,306 0,874 -0,041
Crossbite 0,175 �0,345 0,233 �0,306 0,684 0,106
Crowding 0,798 0,067 0,883 0,039 0,91 0,03
Diastema 0,259 �0,29 0,419 �0,21 0,595 �0,139

Statistical significance by adopting p<0.05.

Table 6
Linear Regression Analyses of temporal andmasseter muscles and condyle volumes
(mm3).

age N temporal muscle masseter muscle condyle

R2 Sig. R2 Sig. R2 Sig.

patients 48 0,097 0,032 0,08 0,0459 0,114 0,020
controls 21 0,219 0,019 0,248 0,22 0,002 0,867

Significance level set at p<0.05.
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differentiation and increasing the apoptosis rates of mature
osteoblasts and osteocytes.[53_TD$DIFF]28,29

Varying degrees of muscle atrophy and changes in joints have
been observed in rheumatic diseases, and itwas demonstrated that
many JSLE patients developed them following steroid therapy.[54_TD$DIFF]30

Our analysis validated the viability of the quantitativemeasure-
ments of MRI masticatory muscles and condyle in a sample with
JSLE patients. Despite the small sample size, as far as we are
concerned this is the first comprehensive study on data of these
structures so far. The present study examined the possible factors
influencing the volume of some masticatory muscles and condyle.

The segmentation of masticatory muscles and condyle have
already been carried out in previous successful works.[55_TD$DIFF]19,20,31,32
Our analysis of the manual muscles and condyle contours did not
showed that the volume difference between patients and controls.
Yasuda et al. [44_TD$DIFF]20 demonstrated the reduction of temporal muscle
volume due to atrophy caused by craniotomy. Ny et al. [43_TD$DIFF]19 calculated
the correlation between the volumes of the individual masticatory
muscles aswell as the correlation between the total volumes of the
masticatory muscles, on both sides of the face.

The results did not demonstrate that childrenwith JSLE present
a reducedmuscle volume compared to healthy subjects. Except for
the masseter muscle volume, there was not statistically significant
difference in the volumes of the structures.

The prevalence of different types of malocclusions may show
great variability. In the present study, the assessment of
malocclusion shows no malocclusion in 70% cases. This is similar
to results of others studies in a normal population.[56_TD$DIFF]33,34

It has also been advised that prolonged systemic corticosteroid
treatment cause an alteration in growth hormone release increase
the severity of the type of malocclusion and induce significant
muscle atrophy.[57_TD$DIFF]35,36 The data from this work do not seem to
support in the JSLE group studied. Our results did not reveal any
factors contribute tomalocclusion development and the frequency
of occlusal features in the present study are consistent with
demonstrated by others studies in normal population.[58_TD$DIFF]37

Linear regression analyses showed no evidence that SLEDAI and
CC might have an effect on the target volume of the structures. In
the present study, age affected the muscle volume. This finding
may reflect the natural trend of growth. The changes in muscle



94 S.L. Golin et al. / Journal of Oral Biology and Craniofacial Research 7 (2017) 89–94
during growth are dominated by the increasing levels of muscle
mass and strength.[59_TD$DIFF]38,39

Unfortunately, we do not have data on the MRI, SLEDAI and CC
of these patients during their early childhood, which could be used
to understand the progressive decline in muscles and condyle.

Jonsson et al.[37_TD$DIFF]11 concluded that the TMJ is not an uncommon
site for SLE-induced deformities. Previous literature has suggested
that SLE patients may have TMJ pathologic findings. [38_TD$DIFF]12,13 In our
study, we did not find any condyle pathology.

Masseter muscle volume was smaller in patients group. The
volume of the temporal muscle was not different between the two
groups. A thinner masseter muscle is associated with a lower local
bone density.[60_TD$DIFF]40 Long-term systemic corticosteroid therapy is
associated with bone loss. [61_TD$DIFF]41 We suggest that the reason for this is
the corticosteroid therapy not with muscle, but with bone density.

Potential limitations of the study include the low participation
rate, the absence of concurrent clinical examination in a matched
control group, and its retrospective nature in MRI scans and bias.

In conclusion, both disease activity and influence of cortico-
steroid therapy did not correlate with the volume values of
masticatory muscles and condyle in our study. A direct association
with malocclusion involvement caused by JSLE was not demon-
strated.

A larger number of subjects and a heterogeneous patient group
with disease activity ranging from mild to severe would be
required to support a valid conclusion. Further analyses should be
performedwith a longitudinal study that follows patients from the
diagnostic phase of the disease (childhood) to adulthood.
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