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Abstract
Purpose Temporomandibular joint (TMJ) involvement is frequent in Systemic Sclerosis (SSc). Dysfunction and X-ray 
changes of TMJ were described only in few observational studies. Treatment as well has been seldom considered. Aim of 
the present study was to evaluate the effects on TMJ of two specifically designed physiotherapy protocols.
Methods The study group included 26 SSc outpatients (22 females and 4 males with mean age ± SD 59.08 ± 10.31 years). 
Thirteen patients were randomly assigned to a treatment (protocol 1) including home exercises for TMJ and thirteen to a 
treatment (protocol 2) including home exercises and a combined procedure. The rehabilitation effects on the TMJ were 
evaluated by ultrasound examination (UE) in static and dynamic phases. UE was performed in all patients before and at the 
end of the treatment and after a follow up (8 weeks).
Results Both rehabilitation protocols induced a significant improvement (protocol 1: p < 0.01 and protocol 2: p < 0.005) of 
mouth opening with a long-lasting effect. Protocol 2 was more effective than protocol 1. A significant increase of bilateral 
condyle-head temporal bone distance was detected by UE at the end of both treatments. It was maintained at follow-up in 
patients treated with Protocol 2.
Conclusions The present investigation shows that a rehabilitation program characterized by home exercises with a combined 
procedure is useful to recover the function of TMJ. The data also show that UE is helpful in the evaluation of TMJ in SSc 
and in the assessment of the efficacy of the rehabilitation programs.
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Introduction

Systemic sclerosis (SSc) is a complex autoimmune disorder 
involving the skin, the musculoskeletal system and internal 
organs and characterized by vascular abnormalities, fibro-
sis and atrophy of the skin and subcutaneous tissue [1]. 
The modification of the facial tissues leads to the typical 

"facies sclerodermica" with ipo- or amimia and microsto-
mia and microcheilia [2]. Consequently, the TMJ involve-
ment is frequent [3–6]. Smirani et al. [7] reported in SSc 
patients the frequency of TMJ symptoms from 92.5% to 
94.8%, while condyles erosion was observed from 2.4% to 
20% of patients. In a recent review [8] is reported that in 
SSc patients the percentage related to TMJ symptoms and 
impaired jaw functionally was between 20 and 93%. oreover, 
has also been described that 81.5% of patients showed by 
MRI a disk displacement with reduction and 67% of patients 
degenerative bone changes [8]. Typical TMJ X-ray findings 
are mainly bone resorption of the jaw angle and of the con-
dyles, seldom with fractures [9–12]. It is important to note 
that dysfunction and X-ray TMJ changes were described 
only in a few observational studies [5, 6]. Moreover, only 
few studies proposed treatments [13–16]. Even if surgery 
(bilateral commissurotomy) is sometimes required for the 
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treatment of severe microstomia [9, 10], good results may 
be obtained by rehabilitation [13–17]. As Kumar et al. [18] 
recently observed, ultrasound examination (UE) is an imag-
ing modality which can accurately show changes of the hard 
and soft tissues in TMJ. With UE it is possible to visualize 
the static and dynamic relationship of joint structures with 
open and closed mouth, as also demonstrated by Galletti 
et al. [19]. Previously, we have studied the TMJ with the 
UE to evaluate the inflammatory process involving TMJ in 
rheumatic diseases [20–23]. In other disorders, UE is used in 
the evaluation of the efficacy of rehabilitation programs [24].

Aim of the present study was to verify the effects of two 
specifically designed physiotherapy protocols on the TMJ 
in SSc patients.

Methods

Twenty-six SSc patients (22 females and 4 males with mean 
age ± SD 59.08 ± 10.31 years and disease duration ± SD 
13.65 ± 5.71 years) were enrolled from the outpatient clinic 
of the Rheumatology Unit, Department of Experimental and 
Clinical Medicine, of the University of Florence.

Inclusion criteria were: SSc classified according to ACR/
EULAR criteria [25] and at least one of the following char-
acteristics: (1) Measurement of mouth opening ≤ 40 mm; 
(2) MHISS [Mouth Handicap in Systemic Sclerosis stairs) 
Score ≥ 8 [26]; 3) Helkimo clinical disfunctional index > 1 
[27].

The study was approved by the local ethics committee 
(711/12) and patients signed a written informed consent 
form.

At enrollment, patients were evaluated for clinical and 
demographic data (sex, years from diagnosis and disease 
subset [limited or diffuse cutaneous subset SSc (lSSc or 
dSSc) [28], organ (skin, lung, heart, gastrointestinal, renal) 
involvement and antibody pattern, according to international 
guidelines [29].

After the enrollment, patients were randomly assigned 
to protocol 1 or protocol 2. Randomization was performed 
using a numerical sequence prepared by a person not con-
nected to the study, which provided sequentially numbered 
and sealed envelopes. The result of the randomization 
remained unknown until the participant did not decide to 
accept or decline participation in the study. Thirteen patients 
were assigned to Protocol 1 (group 1) and thirteen patients 
to Protocol 2 (group 2).

Protocol 1: Home exercises (20 min/day, 3 times/week) 
for TMJ, mimic, masticatory and cervical spine muscles.

Protocol 2: Home exercises (as in Protocol 1) and a com-
bined procedure (1/week; 45 min/session) including con-
nective tissue massage [30] of face and neck, Kabat tech-
nique [31] applied to mimic muscles, manual techniques 

(intra- and extra-oral TMJ manipulation, stretching and 
mobilization of the cranio-cervical district).

All patients continued their drug treatment and did not 
begin any physiotherapy treatment unrelated to the study.

Each protocol had a total duration of 20  weeks 
(5 months): 12 weeks (3 months) of treatment and 8 weeks 
(2 months) of follow-up. The patients were assessed at 
enrollment (T0), after 12 weeks of treatment (T1) and after 
8 weeks of follow-up (T2).

Assessment

1) Mouth opening: the maximum mouth opening was 
evaluated as a mean (in cm) of 2 measurements of the 
distance between central incisors (from the lower edge 
of the upper incisors to the upper edge of the lower inci-
sors) adding the amount of vertical incisor overbite. A 
Thera Bite device was used [32];

2) Clinical evaluation of TMJ: Evaluation of joint play, 
joint sounds (clicks or crackling) and TMJ pain induced 
by palpation or TMJ movement (opening, closing, lat-
erality, protrusion);

3) MHISS (Mouth Handicap in Systemic Sclerosis 
scale): mouth handicap in SSc is evaluated by 12 items 
(ranging score of each item = 0–4); the total score (range 
0–48) is divided into three partial scores concerning: (1) 
the disability related to the reduced mouth opening (5 
items; ranging score 0–20), (2) the handicap correlated 
to Sicca syndrome (5 items; ranging score 0–20), (3) 
aesthetic problems (2 items; ranging score 0–8) [26];

4) Helkimo Index [27]: it is a score ranging from 0 to 
25 (0 = absence of clinical symptoms; 1–4 = minor dys-
function; 5–9 = moderate dysfunction; 10 – 25 = severe 
dysfunction);

The TMJ involvement was evaluated by x-ray (Ortho-
pantomography) only at T0 and by UE at T0, T1 and T2: 
UE examination, in static and dynamic phases with a lin-
ear probe 8–16 MHz (My LAB 70 X Vision, ESAOTE 
S.p.A., Milan, Italy), was performed in all patients by the 
same sonographer (DM) blinded to the protocol of each 
patient. The probe was placed along the axis of the man-
dibular branch for the static evaluation. The study of TMJ 
in the dynamic evaluation was performed with the probe 
maintained along the axis of the mandibular branch to fol-
low the condyle excursion and to detect the disc position 
that was also studied placing the probe on the same plane of 
zygomatic arch [19]. The distance of the condyle-head tem-
poral bone was detected at maximum mouth opening with 
the probe head placed on the temporal articular tubercle. 
The study of masseter muscle was performed with the probe 
placed between zygomatic arch and inferior mandibular 
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edge. The following TMJ characteristics were evaluated in 
each joint: (1) joint space; (2) presence of joint effusion; (3) 
condylar profile, osteophytis and/or erosions; (4) position 
of the articular disc at open and closed mouth; (5) power 
Doppler activity; (6) distance condyle-head temporal bone 
at the point of maximum mouth opening (mean of two meas-
urement); (7) measurement of masseter muscle thickness at 
rest; (8) measurement of masseter muscle thickness during 
forced clench [20–23].

Statistical analysis

The unpaired t test was used to compare data between the 
two groups at different times of the study. Data analysis was 
performed using the statistical program SPSS for Windows.

Results

Mean values ± SD of mouth opening, MHISS and Helkimo 
Index at T0, T1 and T2 in patients treated with Protocol 1 
and protocol 2 are reported in Table 1a, b. P values obtained 
in the comparison of data are also reported.

Sonographic findings

1. Patients treated with protocol 1: the sonographic meas-
urable findings of the right TMJ (mean ± SD) are the 

following: joint space: 1.82 ± 0.51 (T0), 1.82 ± 0.31 
(T1), 1.63 ± 0.42 (T2); distance condyle-head tem-
poral bone at the point of maximum mouth opening: 
12.66 ± 1.75 (T0), 13.41 ± 1.91 (T1), 14.15 ± 2.09 (T2); 
masseter muscle thickness at rest 8.02 ± 1.47 (T0), 
8.48 ± 1.81 (T1), 8.05 ± 0.71 (T2) and during forced 
clench 11.68 ± 2.29 (T0), 11.39 ± 2.32 (T1), 11.00 ± 1.70 
(T2). The findings of the left TMJ (mean ± SD) in the 
group 2 are the following: joint space: 2.17 ± 0.78 
(T0), 2.25 ± 0.92 (T1), 1.82 ± 0.44 (T2); distance 
condyle-head temporal bone at the point of maximum 
mouth opening: 12.79 ± 1.40 (T0), 14.15 ± 2.04 (T1), 
14.33 ± 1.74 (T2); masseter muscle thickness at rest 
8.23 ± 1.30 (T0), 8.36 ± 1.62 (T1), 8.35 ± 1.62 (T2) and 
during forced clench 11.64 ± 2.47 (T0), 11.22 ± 2.07 
(T1), 11.20 ± 2.04 (T2). Bilateral joint effusion was 
detected in 8/13 (61.5%) pts. An altered condylar profile 
was present on the right side in 10/13 (76.9%) pts and 
on the left side in 9/13 (69.2%) pts. In 2/13 (15.3%) pts 
was present osteophytes on the left and in 1/13 (7.6%) 
on the right. In 1/13 (7.6%) pts an erosion was detect 
on the right. The articular disc appeared to be displaced 
anteriorly on the right in 1/13 pts (7.6%). In no patient 
there were signs of activity at power Doppler.

2. Patients treated with protocol 2: the sonographic meas-
urable findings of the right TMJ (mean ± SD) are the 
following: joint space: 1.79 ± 0.69 (T0), 1.88 ± 0.49 
(T1), 1.83 ± 0.52 (T2); distance condyle-head tem-

Table 1  Clinical findings at T0 (before treatment), T1 (end of treatment) and T2 (follow up after 8 weeks) in patients treated with protocol 1 (a) 
and protocol 2 (b)

(a)

Protocol 1 T0 T1 T2 T1/T0 T2/T0

Mean ± SD Mean ± SD Mean ± SD p value p value

Mouth opening mm 39.10 ± 4.58 44.90 ± 5.43 44.60 ± 5.04 < 0.01 < 0.01
MHISS_total 27.20 ± 9.66 21.90 ± 11.69 21.40 ± 10.78 ns ns
MHISS_mouth opening 12.50 ± 5.15 10.10 ± 5.24 9.80 ± 4.89 ns ns
MHISS_sicca syndrome 10.00 ± 5.42 8.20 ± 5.53 8.44 ± 4.98 ns ns
MHISS_aesthetic problems 4.70 ± 2.45 3.60 ± 2.88 4.00 ± 2.87 ns ns
Helkimo Index 13.00 ± 5.62 8.60 ± 4.62 10.00 ± 4.16 < 0.05 ns

(b)

Protocol 2 T0 T1 T2 T1/T0 T2/T0

Mean ± SD Mean ± SD Mean ± SD p value p value

Mouth opening mm 46.00 ± 4.12 51.00 ± 3.19 51.60 ± 3.50 < 0.005 < 0.001
MHISS_total 15.91 ± 12.69 13.27 ± 11.76 14.20 ± 11.06 ns ns
MHISS_mouth opening 6.55 ± 6.8 5.36 ± 5.54 6.80 ± 5.07 ns ns
MHISS_sicca syndrome 7.55 ± 6.61 6.36 ± 6.05 5.70 ± 5.72 ns ns
MHISS_aesthetic problems 1.73 ± 2.41 1.55 ± 1.44 1.70 ± 1.57 ns ns
Helkimo Index 8.09 ± 3.99 5.55 ± 4.08 7.50 ± 5.19 ns ns
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poral bone at the point of maximum mouth opening: 
12.00 ± 2.35 (T0), 14.25 ± 1.95 (T1), 14.51 ± 2.45 
(T2); masseter muscle thickness at rest 7.85 ± 1.47 
(T0), 7.75 ± 0.8 (T1), 7.75 ± 0.8 (T2) and during forced 
clench 10.95 ± 1.73 (T0), 11.40 ± 1.73 (T1), 11.40 ± 1.73 
(T2). The findings of the left TMJ (mean ± SD) in the 
group 1 are the following: joint space: 1.42 ± 0.29 
(T0), 1.46 ± 0.30 (T1), 1.56 ± 0.23 (T2); distance 
condyle-head temporal bone at the point of maximum 
mouth opening: 12.20 ± 1.68 (T0), 14.35 ± 1.35 (T1), 
15.16 ± 1.47 (T2); masseter muscle thickness at rest 
8.34 ± 1.48 (T0), 7.86 ± 0.90 (T1), 8.75 ± 0.8 (T2) and 
during forced clench 11.26 ± 1.99 (T0), 11.41 ± 1.80 
(T1), 11.40 ± 1.83 (T2). Bilateral joint effusion was 
detected in 3/13 pts (23%). An altered condylar profile 
was present on the right side in 9/13 (69.2%) pts and 

on the left side in 5/13 pts (38.4%). In 2/13 (15.3%) pts 
osteophytes were present on the left and in 1/13 (7.6%) 
on the right. In 1/13 (7.6%) pts an erosion was detect 
on the left. The articular disc appeared to be displaced 
anteriorly in 1/13 (7.6%) pts on the right and on the left 
in 2/13 (15.3%) pts. In no patient there were signs of 
activity at power Doppler.

In the patients treated with protocol 1 the distance 
condyle-head temporal bone was increased on both sites 
at T1 and at T2, but the differences were not significant 
(Table 2). In the patients treated with protocol 2 the dis-
tance condyle-head temporal bone was increased (Fig. 1); 
on the right at T1 (p < 0.05) and at T2 (< 0.05), on the left 
at T1 (< 0.005) and at T2 (< 0.001) (Tab 2).

Table 2  Condyle-temporal bone distance and masseter muscle thickness at rest and during forced clench at T0 (before treatment), T1 (end of 
treatment) and T2 (follow up after 8 weeks) in patients treated with protocol 1 and protocol 2

c T0 T1 T2 T1/T0 T2/T0

Mean ± SD Mean ± SD Mean ± SD p value p value

Right condyle-temporal bone distance 12.66 ± 1.75 13.41 ± 1.91 14.15 ± 2.09 ns ns
Left condyle-temporal bone distance 12.79 ± 1.40 14.15 ± 2.04 14.33 ± 1.74 ns ns
Right masseter muscle thickness at rest 8.02 ± 1.47 8,48 ± 1.81 8.05 ± 0.71 ns ns
Right masseter muscle thickness during forced clench 11.68 ± 2.29 11.39 ± 2.32 11.00 ± 1.70 ns ns
Left masseter muscle thickness at rest 8.23 ± 1.30 8.36 ± 1.62 8.35 ± 1.62 ns ns
Left masseter muscle thickness during forced clench 11.64 ± 2.47 11.22 ± 2.07 11.20 ± 2.04 ns ns
Protocol 2
Right condyle-temporal bone distance 12.00 ± 2.35 14.25 ± 1.95 14.51 ± 2.45 < 0.05 < 0.05
Left condyle-temporal bone distance 12.20 ± 1.68 14.35 ± 1.35 15.16 ± 1.47 < 0,005 < 0.001
Right masseter muscle thickness at rest 7.85 ± 1.47 7,75 ± 0.8 7.75 ± 0.8 ns ns
Right masseter muscle thickness during forced clench 10.95 ± 1.73 11.40 ± 1.73 11.40 ± 1.73  ns ns
Left masseter muscle thickness at rest 8.34 ± 1.48 7.86 ± 0.90 8.75 ± 0.8 ns ns
Left masseter muscle thickness during forced clench 11.26 ± 1.99 11.41 ± 1.80 11.40 ± 1.83 ns ns

Fig. 1  a Ultrasound image of temporomandibular joint in a SSc 
patient treated with protocol 2: distance condyle-head temporal bone 
at the point of maximum mouth opening before the treatment. The 
calipers are placed: in the middle point of the convexity of the con-

dyle and on the temporal articular tubercle. b Ultrasound image of 
temporomandibular joint in the same SSc patient after treatment with 
protocol 2
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Discussion

In SSc, it is still an open issue whether the TMJ arthropa-
thy is due to TMJ bone changes or to perioral tissue fibro-
sis [4–8]. In different studies carried out since 1984 [13] 
exercise programs, when applied, were useful to improve 
the mouth opening of SSc patients [14]. Maddali et al. [17] 
demonstrated that facial and TMJ rehabilitation is useful 
for improving mouth movement and reducing pain in SSc 
patients. Add effects of two rehabilitation programs were 
compared showing an improvement of some clinical and 
clinimetric variables with a long-lasting effect. Moreover, 
the effects of the physiotherapist prescribing and personal-
izing exercise may induce better results.

The data of our study are in agreement with those of 
Kumar et al. [18] concerning the fact that UE is useful for 
the detection of the pathologic modifications of the TMJ 
in SSc patients. An altered condylar profile, disc displace-
ment and osteophytes were present bilaterally while ero-
sions were detected in 7.6% patients only. These results 
are consistent with data reported in other studies [4, 7, 8, 
33]. Moreover, in the present investigation bilateral joint 
effusion was frequently detected but no signs of activity 
were found at power Doppler. As previously reported, this 
latter finding is an important feature of TMJ involvement 
and can be easily observed by UE [19–23].

In the present study two different rehabilitation pro-
tocols were used in SSc patients with TMJ involvement. 
Protocol 1 included only home exercises, Protocol 2 
included home exercises and connective tissue massage, 
Kabat technique and manual techniques performed by a 
physiotherapist. Both rehabilitation protocols induced an 
improvement of mouth opening but a long-lasting effect 
was maintained only by Protocol 2. It is noteworthy that 
UE found a significant increase of bilateral condyle-head 
temporal bone distance at the end of treatment and at the 
follow-up only in patients treated with protocol 2.

Our data confirm that UE is an important tool in moni-
toring the rehabilitative follow-up in SSc patients. It is 
important to note that in this population bone damage 
findings were observed more frequently than disc dis-
placement and signs of inflammatory TMJ involvement, 
as observed in other rheumatic diseases [20–23]. Only a 
few investigations were previously devoted to the study of 
TMJ modifications and oral impairment in SSc patients 
[4–7]. It is also important to consider that the increase 
of mouth opening, obtained with rehabilitation, allows an 
improvement of oral tissue lesions and related symptoms. 
Therefore, TMJ-UE should be recommended in every 
patient with SSc to detect pathologic changes in early 
phase and to avoid the severe consequences of the reduc-
tion of mouth opening and the decay of oral health. We 

should also consider that UE has proven to be very useful 
in both diagnosis and follow-up in many other fields of 
medicine as well [34–36].

Author contributions All authors contributed to the study conception 
and design. Material preparation, data collection and analysis were 
performed by [Daniela Melchiorre, Susanna Maddali Bongi], [Daniela 
Melchiorre, Susanna Maddali Bongi, Marco Maresca, Mauro Passa-
lacqua, Giulia Landi, Kadija El Aoufy, Marco Baccini] and [Daniela 
Melchiorre, Maria Angela Bagni, Marco Matucci Cerinic]. The first 
draft of the manuscript was written by [Daniela Melchiorre] and all 
authors commented on previous versions of the manuscript. All authors 
read and approved the final manuscript.

Funding Open access funding provided by Università degli Studi di 
Firenze within the CRUI-CARE Agreement. The authors declare that 
no funds, grants, or other support were received during the preparation 
of this manuscript.

Data availability The data are the results reported in the article and 
are available.

Declarations 

Conflict of interest The authors have no relevant financial or non-fi-
nancial interests to disclose.

Ethical approval This study was performed in line with the principles 
of the Declaration of Helsinki. Approval was granted by the Ethics 
Committee of University B (2012/711).

Consent to participate Informed consent was obtained from all indi-
vidual participants included in the study.

Consent to publish The authors affirm that human research participants 
provided informed consent for publication of the images in Figure(s) 
1a and 1b.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article’s Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

 1. Varga J, Trojanowska M, Kuwana M (2017) Pathogenesis of sys-
temic sclerosis: recent insights of molecular and cellular mecha-
nisms and therapeutic opportunities. J Scleroderma Relat Disord 
2(3):137–152. https:// doi. org/ 10. 5301/ jsrd. 50002 49

 2. Blezien O, D’Andrea F, Nicoletti GF, Ferraro GA (2017) Effects 
of fat grafting containing stem cells in microstomia and micro-
cheilia derived from systemic sclerosis. Aesthetic Plast Surg. 

http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.5301/jsrd.5000249


 Journal of Ultrasound

1 3

41(4):839–844. https:// doi. org/ 10. 1007/ s00266- 017- 0904-1. 
(Epub 2017 Jun 8)

 3. Vincent C, Agard C, Barbarot S et al (2010) Orofacial manifesta-
tions of systemic sclerosis: a study of 30 consecutive patients. Rev 
Stomatol Chir Maxillofac 111(3):128–134

 4. Crincoli V, Fatone L, Fanelli M et al (2016) Orofacial manifesta-
tions and temporomandibular disorders of systemic scleroderma: 
an observational study. Int J Mol Sci 17(7):1189. https:// doi. org/ 
10. 3390/ ijms1 70711 89

 5. Ferreira EL, Christmann RB, Borba EF et al (2010) Mandibular 
function is severely impaired in systemic sclerosis patients. J Oro-
fac Pain 24:197–202

 6. Aliko A, Ciancaglini R, Alushi A et al (2011) Temporomandibu-
lar joint involvement in rheumatoid arthritis, systemic lupus ery-
thematosus and systemic sclerosis. Int J Oral Maxillofac Surg 
40:704–709

 7. Smirani R, Poursac N, Naveau A et al (2018) Orofacial conse-
quences of systemic sclerosis: a systematic review. J Scleroderma 
Relat Disord 3(1):81–90

 8. Hysa E, Lercara A, Cere A et al (2023) Temporomandibular dis-
orders in immune-mediated rheumatic diseases of the adult: a 
systematic review. Semin Arthritis Rheum 61:152215. https:// doi. 
org/ 10. 1016/j. semar thrit. 152215. (Epub 2023 May 5. PMID: 
37167773)

 9. Albilia JB, Lam DK, Blanas N et al (2007) Small mouths. Big 
problems? A review of scleroderma and its oral health implica-
tions. J Can Dent Assoc 73:831–836

 10. Nagy G, Kovács J, Zeher M, Czirják L (1994) Analysis of the oral 
manifestations of systemic sclerosis. Oral Surg Oral Med Oral 
Pathol 77:141–146

 11. Cazal C, Sobral AP, Neves RF et al (2008) Oral complaints in 
progressive systemic sclerosis: two cases report. Med Oral Patol 
Oral Cir Bucal 13:E114–E118

 12. Shah AA, Wigley FM (2008) Often forgotten manifestations of 
systemic sclerosis. Rheum Dis Clin N Am 34:221–238

 13. Naylor P, Chester WD, Mix E (1984) The nonsurgical treatment 
of microstomia in scleroderma: a pilot study. Oral Surg Oral Med 
Oral Pathol 57:508–511

 14. Pizzo G, Scardina GA, Messina P (2003) Effects of a nonsurgical 
exercise program on the decreased mouth opening in patients with 
systemic scleroderma. Clin Oral Investig 7:175–178

 15. Maddali Bongi S, Landi G, Del Rosso A et al (2011) The reha-
bilitation of facial involvement in systemic sclerosis: efficacy of 
the combination of connective tissue massage, Kabat’s technique 
and kinesitherapy—a randomized controlled trial. Rheumatol Int 
31:895–901

 16. Maddali Bongi S, Del Rosso A, Galluccio F et al (2009) Efficacy 
of a tailored rehabilitation program for systemic sclerosis. Clin 
Exp Rheumatol 27(3 Suppl 54):44–50

 17. Maddali Bongi S, Passalacqua M, Landi G et al (2021) Reha-
bilitation of the face and temporomandibular joint in systemic 
sclerosis. Ther Adv Musculoskelet Dis 13:1–10. https:// doi. org/ 
10. 1177/ 17597 20X21 10201 71. (PMID: 34163540; PMCID: 
PMC8191075)

 18. Kumar LKS, Zachariah GP, Chandran S (2019) Ultrasonography: 
a step forward in temporomandibular joint imaging. A preliminary 
descriptive study. Clin Pract. 9(2):1134. https:// doi. org/ 10. 4081/ 
cp. 2019. 1134. (PMID: 31341577; PMCID: PMC6610715)

 19. Galletti S, Ciampi B, Galletti R, Stella SM (2018) Appendice: 
Studio dinamico dell’ATM. Ed Piccin, Padova, pp 543–552

 20. Melchiorre D, Calderazzi A, Maddali Bongi S et al (2003) Com-
parison of ultrasonography and magnetic resonance imaging in 
the evaluation of temporomandibular joint involvement in rheu-
matoid arthritis and psoriatic arthritis. Rheumatology (Oxford) 
42(5):673–676

 21. Manfredini D, Tognini F, Melchiorre D et al (2003) Ultrasono-
graphic assessment of an increased capsular width as a predictor 
of temporomandibular joint effusion. Dentomaxillofac Radiol 
32:359–364

 22. Tognini F, Manfredini D, Melchiorre D et al (2003) Ultrasono-
graphic vs. magnetic resonance imaging findings of temporoman-
dibular joint effusion. Minerva Stomatol 52:365–372

 23. Melchiorre D, Falcini F, Kaloudi O et al (2010) Sonographic 
evaluation of the temporomandibular joints in juvenile idiopathic 
arthritis. J Ultrasound 13(1):34–37. https:// doi. org/ 10. 1016/j. jus. 
2009. 09. 008

 24. Melchiorre D, Maresca M, Bracci R et al (2014) Muscle short-
ening manoeuvre reduces pain and functional impairment in 
shoulder impingement syndrome: clinical and ultrasonographic 
evidence. Clin Exp Rheumatol Jan-Feb 32(1):5–10 (Epub 2013 
Sep 18)

 25. Van den Hoogen F, Khanna D, Fransen J et al (2013) classification 
criteria for systemic sclerosis: an American College of Rheuma-
tology/European League against Rheumatism collaborative initia-
tive. Arthritis Rheum 65(11):2737–2747. https:// doi. org/ 10. 1002/ 
art. 38098. (Epub 2013 Oct 3)

 26. Mouthon L, Rannou F, Bérezné A et al (2007) Development and 
validation of a scale for mouth handicap in systemic sclerosis: 
the Mouth Handicap in Systemic Sclerosis scale. Ann Rheum Dis 
66:1651–1655

 27. Helkimo M (1974) Studies on function and dysfunction of of the 
masticatory system II. Index for anamnestic and clinical dysfunc-
tion and occlusal state. Sven Tandlak Tdskr 67:101–102

 28. LeRoy EC, Black CM, Fleischmajer R et al (1988) Scleroderma 
(systemic sclerosis): classification, subsets and pathogenesis. J 
Rheumatol 15:202–205

 29. Valentini G, Medsger TA Jr, Silman AJ, Bombardieri S (2003) 
The assessment of the patient with systemic sclerosis. Clin Exp 
Rheumatol 21(3 Suppl 29):S2-4 (PMID: 12889213)

 30. Goats GC, Keir KA (1991) Connective tissue massage. Br J Sports 
Med 25:131–133

 31. Kabat H, McLeod M, Holt C (1959) The practical application 
of proprioceptive neuromuscular facilitation. Physiotherapy 
45:87–92

 32. George JW, Fennema J, Maddox A et al (2007) The effect of cervi-
cal spine manual therapy on normal mouth opening in asympto-
matic subjects. J Chiropractic Med 6:141–145

 33. Matarese G, Isola G, Alibrandi A et al (2015) Occlusal and MRI 
characterizations in systemic sclerosis patients: a prospective 
study from Southern Italian cohort. Jt Bone Spine 83(1):57–62. 
https:// doi. org/ 10. 1016/j. jbspin. 2015. 04. 014. (Epub 2015 Nov 6. 
PMID: 26552635)

 34. Vitale V, Rossi E, Di Serafino M et al (2018) Pediatric encephalic 
ultrasonography: the essentials. J Ultrasound. https:// doi. org/ 10. 
1007/ s40477- 018- 0349-7

 35. Santarsiere M, Rumolo M, Menna BF et al (2022) A rare case 
of bilateral testicular metastasis from ileocecal NET: multipar-
ametric US detection. J Ultrasound. https:// doi. org/ 10. 1007/ 
s40477- 022- 00657-4

 36. Minella R, Minelli R, Rossi E et al (2020) Gastroesophageal and 
gastric ultrasound in children: the state of the art. J Ultrasound. 
https:// doi. org/ 10. 1007/ s40477- 020- 00471-w

Publisher's Note Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

https://doi.org/10.1007/s00266-017-0904-1
https://doi.org/10.3390/ijms17071189
https://doi.org/10.3390/ijms17071189
https://doi.org/10.1016/j.semarthrit.152215
https://doi.org/10.1016/j.semarthrit.152215
https://doi.org/10.1177/1759720X211020171
https://doi.org/10.1177/1759720X211020171
https://doi.org/10.4081/cp.2019.1134
https://doi.org/10.4081/cp.2019.1134
https://doi.org/10.1016/j.jus.2009.09.008
https://doi.org/10.1016/j.jus.2009.09.008
https://doi.org/10.1002/art.38098
https://doi.org/10.1002/art.38098
https://doi.org/10.1016/j.jbspin.2015.04.014
https://doi.org/10.1007/s40477-018-0349-7
https://doi.org/10.1007/s40477-018-0349-7
https://doi.org/10.1007/s40477-022-00657-4
https://doi.org/10.1007/s40477-022-00657-4
https://doi.org/10.1007/s40477-020-00471-w

	The effect of a combined rehabilitation program on the temporomandibular joint in systemic sclerosis evaluated by ultrasound exam
	Abstract
	Purpose 
	Methods 
	Results 
	Conclusions 

	Introduction
	Methods
	Assessment
	Statistical analysis

	Results
	Sonographic findings

	Discussion
	References


