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Autologous Hematopoietic Stem Cell
Therapy of the Subjects with Systemic
Sclerosis: Electromyographic Results
of the Masticatory Muscles
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Abstract: Musculoskeletal system impairment is a major cause of functional
alterations in subjects with systemic sclerosis. Autologous hematopoietic stem

cell therapy (AHSCT) may have an important role in the treatment functional

of systemic sclerosis patients. The aim of this pilot study was to assess whether
AHSCT interferes with the electromyographic activity of the masseter and
temporalis muscles of subjects with systemic sclerosis. Before transplantation, seven
subjects with systemic sclerosis (mean age [£ SD], 40.1 * 9.6 years) underwent
electromyographic analysis of the masseter and temporalis muscles in mandibular
tasks at rest, right and left laterality, protrusion and maximum voluntary contraction.
Two months after AHSCT, the subjects re-evaluated using the same methods.
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Data were analyzed using the repeated-measure test, with p<0.05 considered to be
statistically significant. Two months after AHSCT, there was reduction in normalized
electromyographic activity in the dental clenching in maximal voluntary contraction,
with significant differences, for the left temporal muscle (p=0.04). AHSCT in subjects
with systemic sclerosis promotes alterations in stomatognathic system function,
especially those related to electromyographic activity of masticatory muscles.

Introduction

Systemic sclerosis is a complex, autoimmune, generalized connective tissue syndrome
that presents with chronic fibrotic and inflammatory changes that cause skin tissue
thickening and is characterized by microvascular lesions (Sierra-Sepulveda et al.,
2019; Perkovic et al., 2020). The main clinical signs of systemic sclerosis include
limitation of skin movement, muscle pain, weakness, skin thickening, and peripheral
vasoconstriction (Mirsaeidi et al., 2019; van Leeuwen et al., 2020).

The incidence of systemic sclerosis has increased over the past decade, although
the one-year mortality rate has decreased slightly (Butt et al., 2018). In the United
States, the prevalence for this uncommon condition is of approximately 20 persons
per million in the general population (Bergamasco et al., 2019).

The disorder frequently involves the orofacial tissues (Crincoli et al., 2016),
along with muscular atrophy that contributes to bone resorption compromising
the temporomandibular joint, atrophy of the skin and face, hardening and loss of
elasticity of the oral mucosa, and difficulties with swallowing and chewing (lordache
et al., 2019; Mendonga et al., 2019).

Systemic sclerosis a multidisciplinary disease, as it involves many organs and
systems, leading to wide range of symptoms and limitations. The treatment of this
autoimmune disease remains a major challenge to the medical field and, as such, new
therapeutic options are continually being sought (Sobolewski et al., 2019).

In the past 20 years, autologous hematopoietic stem cell transplantation (AHSCT)
has emerged as a treatment option for patients with severe and progressive systemic
sclerosis. Randomized studies have shown that transplantation is superior to
conventional immunosuppressive treatment, promoting longer survival, better disease
control and improved quality of life (van Laar et al., 2014; Sullivan et al., 2018).

Functional deterioration is associated with AHSCT (Wiskemann and Huber, 2008)
and shortly after transplantation, patients are advised to reduce the amount of
functional activity (Dimeo et al., 2003). However, this inactivity can have the opposite
effect, impairing muscle function, so therapy is a promising treatment that restores
muscle function, even in a short period of time (Plowman et al., 2014).

Thus, the aim of this pilot study was to evaluate electromyographic activity of the
masticatory muscles, before and two months after selected subjects with systemic
sclerosis underwent AHSCT. The null hypothesis was that autologous stem cell
transplantation does influence the eleytomyographic activity of the masticatory
muscles after two months of treatment in subjects with systemic sclerosis.
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Material and Methods

Study design

This study was approved by the Research Ethics Committee (protocol No.
94010718.4.00000.5419), based on Resolution 466/2012 of the Brazilian National
Health. All procedures followed were in accordance with the ethical standards of
the responsible committee on human experimentation (University of Sao Paulo,
Brazil) and with the Helsinki Declaration of 1975, as revised in 2008. Informed
consent was obtained from all subjects who participated in the study.

Sample size calculation was based on a study using G* Power version 3.1.9.2
software (Franz Faul, Kiel University, Kiel, Germany), a priori considering a=0.05,
an effect size of 1.41, and a test power of 87% for the main result of EMG
(electromyography) activity in subjects with systemic sclerosis (Hausmanowa-
Petrusewicz et al., 1982). The minimum sample size obtained was seven.

In this prospective, longitudinal study, recruitment and selection of subjects
were performed by open invitation of systemic sclerosis patients treated at the
University Hospital of the Ribeirdao Preto Medical School, Brazil. All subjects had a
confirmed diagnosis of systemic sclerosis according to the 2013 American College
of Rheumatology/European League Against Rheumatism criteria (Johnson, 2015)
and fulfilled previously published (Burt et al., 2013) indications for AHSCT. All
subjects were assessed by a questionnaire that determined the presence or absence
of temporomandibular dysfunction according to the Research Diagnostic Criteria
for Temporomandibular Disorders (RDC/TMD). Dental evaluation was performed
using anamnesis and a clinical form.

At the beginning of this study, 20 subjects with natural dentition were evaluated
for the presence of first permanent molars, and for normal occlusion without
temporomandibular dysfunction. Subjects for whom AHSCT was denied due
to exclusion criteria for transplantation (Burt et al., 2011) were ineligible for
the present study. Furthermore, subjects with ulceration(s), open wounds
or skin hypersensitivity, cognitive impairment, neurological and/or systemic
(decompensated) disorders, edentulous, use of full or removable prosthesis,
periodontal disease, parafunctional habits, mandibular torus and/or palatine, and
those using muscle relaxants that could interfere with neuromuscular physiology
were excluded.

Ten systemic sclerosis patients were included in the present study. However,
three subjects died between the initial analysis and the two months after therapy
time point. Therefore, seven subjects participated in the study (mean age
[+ SD], 40.1 £ 9.6 years). They initially underwent electromyographic analysis
of the masseter and temporalis muscles. Two months after treatment, these
seven subjects with systemic sclerosis were re-evaluated with the same
methods.

Evaluation of electromyographic activity was performed by a single trained
professional. Intra-examiner calibration was performed for all analyses in this study.

Systemic Sclerosis and Masticatory Muscles
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Hematopoietic stem cell collection
Transplant procedure has been previously published (Burt et al., 2011). Briefly,
stem cells were mobilized from the bone marrow to the peripheral blood with
intravenous cyclophosphamide, followed by granulocyte colony growth factor
(G-CSF) injections (van Laar et al., 2014). Stem cell collection was performed by
leukapheresis; unselected cells were cryopreserved (Blank et al., 2016).
Pre-transplant preparation included high doses of cyclophosphamide and
antithymocyte globulin, aiming to ablate the immune system and eliminate
autoreactive cells. Then, the hematopoietic and immune systems were restored
through infusion of the previously harvested autologous hematopoietic stem
cells.

Electromyographic analysis

Electromyographic activity of the masseter and temporalis muscles, reflected by the
patterns of muscle fiber activation, was recorded using a wireless system (Trigno,
Delsys Inc., Boston, MA, USA).

The sensors were positioned on the subjects by the same operator trained
and trained according to the Surface ElectroMyoGraphy for the Non-Invasive
Assessment of Muscles (SENIAM) recommendations (Hermens et al., 2000). Dental
clenching manoeuvres in maximal voluntary contraction were performed to establish
the optimal collection points for electromyographic signals of the masseter and
temporalis muscles (Cecilio et al., 2010).

Electromyographic signal data, in microvolts/s, were calculated using the square
mean root for mandibular tasks. The skin was sanitized with alcohol to decrease
impedance and the sensors were fixed after a few minutes of this procedure (Di
Palma et al., 2017).

Electromyographic signal recording adhered to the following protocol for
mandibular tasks: rest (4 s); right (4 s) and left (4 s); laterality, protrusion (4 s); and
dental clenching in maximal voluntary contraction with (4 s) and without (4 s) inert
material.

The inert material consisted of a 12-folded paraffin sheet (Parafilm M, Pechinery
Plastic Packaging, Batavia, IL, USA) (18%17x4 mm, weight 245 mg) and inserted
between the occlusal faces of the first permanent molars, on both the right and left
sides of the dental arch (Siéssere et al., 2009).

Statistical analysis

In the analysis of the results, the data showed normal distribution (Shapiro-

Wilk normality test: p<0.05). The electromyographic values for the masseter

and temporalis muscles were normalized with respect to the electromyographic
amplitude values obtained from each muscle during a maximal voluntary clench on
Parafilm M. Statistical analysis of normalized electromyographic data was performed
using SPSS version 22.0 (IBM Corporation, Armonk, NY, USA) for Windows
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(Microsoft Corporation, Redmond, WA, USA). The data were analyzed using a
repeated measure test. Statistical significance was set at the level of p<0.05.

Results

Table 1 shows the normalized electromyographic data from the masseter and
temporalis muscles at rest and under mandible postural conditions before and
after AHSCT in systemic sclerosis subjects. Lower normalized electromyographic
activity was observed in the dental clenching in maximal voluntary contraction

of the left temporal muscle (p=0.04), when compared to baseline (pre-therapy)

measurements.

Table 1 - Normalized electromyographic data and mean * standard
error of the right masseter (RM), left masseter (LM), right temporal

(RT) and left temporal (LT) muscles in the mandibular tasks of

subjects with systemic sclerosis before (Gl) and after (Gll) autologous

hematopoietic stem cell therapy (AHSCT)

Variable Gl Gll p-value
Total sample size 07 07 NA
Variables — muscle

Rest — RM 0.25+0.10 0.19 £ 0.10 NS
Rest — LM 0.29 £ 0.12 0.20 + 0.07 NS
Rest — RT 0.47 £0.16 0.18 £ 0.03 NS
Rest — LT 0.29 + 0.06 0.26 + 0.08 NS
Right laterality — RM 0.59 +0.23 0.29 £ 0.1 NS
Right laterality — LM 0.53 £ 0.19 0.32+0.10 NS
Right laterality — RT 0.46 £ 0.18 0.18 £ 0.04 NS
Right laterality — LT 0.30 £ 0.10 0.19 £ 0.06 NS
Left laterality — RM 0.48 £0.18 0.20 £ 0.08 NS
Left laterality — LM 041 +0.17 0.19 + 0.04 NS
Left laterality — RT 0.65 + 0.24 0.26 + 0.11 NS
Left laterality — LT 0.24 + 0.06 0.21 £ 0.09 NS
Protrusion — RM 0.62 £ 0.26 0.14 £ 0.03 NS
Protrusion — LM 0.29 £0.14 0.23 £0.08 NS
Protrusion — RT 0.35£0.16 0.14 £ 0.02 NS
Protrusion — LT 0.31 £ 0.08 0.23 £ 0.07 NS
Dental clenching — RM 1.02 £ 0.14 0.82 £ 0.09 NS
Dental clenching — LM 1.05£0.13 0.85+ 0.11 NS
Dental clenching — RT 0.93 +0.07 0.80 + 0.06 NS
Dental clenching — LT 1.02£0.16 0.73 £ 0.08 0.04*

*significant difference, repeated-measure test (i.e. p<0.05); NA — not applicable (paired samples); NS — not significant
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Discussion

The null hypothesis of this study was rejected by the positive influence of therapy
according to electromyographic activity of the masseter and temporalis muscles in
subjects with systemic sclerosis.

AHSCT in patients with systemic sclerosis induces the production of new cells
from the immune and hematopoietic systems, for the purpose of eliminating
autoreactivity and, as consequence, recovering the patient’s general health (Lee et
al., 2016). Skeletal muscles are involved in this autoimmune disease (Costa-Pereira
et al., 2019), however, little is known about how masticatory muscles behave in the
context of systemic sclerosis.

The involvement of striated skeletal muscles in subjects with systemic sclerosis is a
consequence of ischemic, inflammatory, and sclerotic processes due to oxygenation
and insufficient nutrition of the muscular tissue (Giudice et al., 2018). After AHSCT,
there is a noteworthy increase in the quantity of blood vessels, which in turn
improves peripheral and visceral blood circulation, and decreases in the activity of
inflammatory processes (Khodayari et al., 2019). These factors may be related to
reduced myoelectric activity due to increased blood flow in muscle tissue, promoting
lower intramuscular pressures and, in consequence, functional improvement (McNeil
etal., 2015).

Two months after transplantation, a reduction in normalized electromyographic
activity of the temporal muscle in the dental clenching in maximal voluntary
contraction was observed. Importantly, the most active muscle in this
neuroanatomical movement is the masseter, which has a very rich arterial supply
(Hwang et al., 2001). It is well known in the medical field that subjects treated
with AHSCT exhibit more active patterns in organizing vascular architecture,
with microcapillary regeneration (Miniati et al., 2009). We therefore believe that
these functional outcomes may be related to an enriched balance and reduced
electromyographic activity of the masticatory muscles due to microvascular tissue
remodelling, increased tissue oxygenation, and improved muscle performance.

Another hypothesis to explain the reduction in electromyographic activity in the
postural condition of dental clenching in maximum voluntary contraction would
be that the muscle involvement through electromyographic evaluation of subjects
with systemic sclerosis may be related to the formation of mandibular osteolysis
that promotes imbalance(s) in electromyographic activity (Maiti et al., 2018). The
transplantation could promote osteometabolic regeneration of the mandible, with
reduction in bone ischemia and in muscle tissue pressure over the mandible angle
(Heino and Hentunen, 2008), thus leading to functional improvement. In this study,
however, the presence of mandibular osteocytes was not evaluated.

However, we can mention that in systemic sclerosis there is an increase in choline
concentration due to the proliferation of inflammatory cells and thereby, an increase
in myoelectric activity (Sener et al., 2019). What would explain the reduction in
electromyographic activity? With AHSCT, there is a reduction in the number of

Branco T. et al.



Prague Medical Report / Vol. 121 (2020) No. 3, p. 163171 169)

inflammatory cells, thus improving the functional status of subjects with autoimmune
disease (Menasché, 2018).

This pilot study had limitations. First the number of patients is very low. Second
the method of SENIAM may be burdened with a larger measurement error. Third
the study does not present a comparative set of healthy individuals to determine
any standard results. Fourth limitation would be the evaluation period of the
stomatognathic system after autologous stem cell transplantation (i.e. two months),
may have been insufficient. A longer period of evaluation after therapy would have
probably resulted in significant data.

Conclusion

The results suggest that patients with systemic sclerosis treated with AHSCT may
present improvements in electromyographic activity of the masticatory muscles,
especially observed in the dental clenching in maximal voluntary contraction of the
left temporal muscle. Therefore, this study opens up great horizons in many areas of
research to better understand the functional behavior of the stomatognathic system
in subjects with systemic sclerosis undergoing AHSCT.
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