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Abstract: Background: In daily clinical practice, patients often refer temporomandibular or cervical
complaints after different oral procedures, especially in lengthy procedures that can result in iatro-
genic postures or trauma that can affect the temporomandibular joint (TM]). This study aimed to
evaluate the clinical and functional changes of the temporomandibular joint (TM]) and cervical region
immediately after a session of root canal therapy. Methods: Twenty-nine subjects who received a
session of root canal therapy were included. Clinical assessments included mouth opening, cervical
mobility, pain intensity, pressure pain thresholds (PPTs), and myofascial trigger points (MTrPs) of
the jaw and neck muscles. Results: After the intervention, a significant reduction in mouth opening
(41.90 mm; SD = 6.21) was observed compared to baseline (46.28 mm; SD = 6.17) (p < 0.001). A signifi-
cant reduction in PPTs and cervical mobility (p < 0.05), and an increase in MTrPs (p = 0.002-0.026)
were demonstrated after the intervention. Conclusions: A session of root canal therapy can produce
an immediate significant reduction in mouth opening, PPTs, and cervical mobility, and an increase in
MTirPs. The risk can be higher if there is a previous TM]J limitation.

Keywords: cervical spine; myofascial trigger points; pain; range of motion; root canal therapy;
temporomandibular joint

1. Introduction

In daily clinical practice, patients often experience temporomandibular or cervical
complaints after different oral procedures [1]. Root canal therapy, one of the most common
dental procedures, is a lengthy treatment, especially for multirooted teeth. The temporo-
mandibular joint (TM]) and its related structures may be impaired as a consequence of
prolonged dental procedures through iatrogenic posture or trauma [2—4]. There have been
reports of complications after third molar extraction ranging from 3.4% to 4.6% [2,5]. and
this type of extraction appears to increase the risk of developing posterior temporomandibu-
lar disorders (TMDs) [6]. However, there is no consensus on the prevalence of TMDs after
endodontic procedures.

Temporomandibular disorders are a subclass of craniofacial pain problems affecting
the TM]J, masticatory muscles, and related musculoskeletal tissues in the head and neck [7].
TMDs are regarded as one of the major contributors to non-odontogenic pain affecting the
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bones, ligaments, joints, and muscles of the orofacial region. Nevertheless, myofascial pain,
characterized by muscle tenderness associated with pain, is the most common disorder
within TMDs [8]. TMDs have a complex etiology that includes biomechanical, neuromus-
cular, bio-psychosocial, and biological aspects [9]. Iatrogenic injuries during any dental
procedure involving prolonged mouth opening may act as a precipitating or predisposing
factor for TMDs [10].

Decreased mouth opening is a well-known side effect of prolonged dental procedures,
including root canal therapy [1,11]. Because of its importance, decreased mouth opening
has negative effects on function and quality of life. Speaking, swallowing, and chewing
are all controlled by the TM]J. Several therapies and health professionals can help patients
with TMDs [12], and approximately 50% of TMDs could benefit from musculoskeletal
treatment [13]. Considering the anatomical and neurophysiological relationship between
the TMJ and the cervical spine, the cervical component should be treated in order to
improve TMDs [7].

Although dental procedures are common, and their potential relationship with TMDs
is widely recognized in clinical practice, evidence of temporomandibular and cervical
complications after various oral procedures is lacking. Therefore, the purpose of this study
was to investigate the effects and risk factors of 90 min lengthy root canal therapy on the
TMJ and its related structures.

2. Materials and Methods
2.1. Study Design

This longitudinal, prospective, quasi-experimental study was approved by the Clinical
Research Ethics Committee of Aragéon under protocol number (PI18/370) and conducted
in accordance with the principles of the Declaration of Helsinki of the World Medical
Association. All participants signed an informed consent form before their participation in
the study.

2.2. Participants

Twenty-nine consecutive subjects (13 women and 16 men with a mean age of 45.6 years
(SD = 16.4)) participated in the study. The recruitment period lasted from January 2021 to
May 2021. Subjects were recruited from among patients scheduled to undergo endodontic
surgery at the Servicio de Practicas Odontologicas at the University of Zaragoza (Huesca).
The inclusion criteria were age > 18 years and the requirement for endodontic intervention.
Participants were excluded if they had undergone TMJ or cervical treatment in the past
month, or if they showed any red flags, neurological or cognitive impairment (inability to
understand questionnaires or examinations). Patients underwent root canal therapy in a
maximum mouth opening posture for 90 min on average.

2.3. Measurements

After patient inclusion, demographic information, including age, sex, height, weight,
and body mass index (BMI), was gathered. In addition, cranio-cervico-mandibular question-
naires, including TMD Pain Screener [14], Helkimo Index [15], Jaw Functional Limitation
Scale (JFLS20) [16], Neck Disability Index (NDI) [17], and Headache Impact Test (HIT-6) [18]
were collected in order to analyze patients’ conditions at baseline. Maximum active mouth
opening was considered the primary variable. Secondary variables included cervical range
of motion, pain intensity, and pressure pain thresholds. Two evaluators with more than
ten years of experience in cervical spine and TMJ assessment took measurements before
the intervention (baseline) and immediately after the intervention. Both evaluators were
blinded to the measurements and the study goals.

2.3.1. Maximum Active Mouth Opening

Maximum active mouth opening was measured in supine position using an electronic
caliper (HIBOK DC-516). Patients were told to expand their mouths as widely as they
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could without experiencing pain [19,20]. The distance between the upper and lower central
incisors (interincisal distance) was measured in mm [21] (Figure 1). Measurements were
repeated twice and the mean was calculated for later analysis. This measurement has
demonstrated a high reliability (ICC = 0.9-0.98) [22] and the smallest detectable difference
is 5 mm [23].

Figure 1. Measurement of maximum active mouth opening in supine position.

2.3.2. Cervical Spine Range of Movement

The cervical spine’s range of motion was measured using a regular goniometer and the
Clinometer App (version 2.4) for smartphones. Cervical flexion, extension, right/left-side
bending, right/left rotation, and upper cervical spine flexion and extension were measured.
In order to evaluate cervical mobility, the Clinometer has proven to be a feasible and reliable
tool (ICC = 0.68-0.97) [24]. For cervical spine testing, patients were seated with their spines
supported against a high back chair in a neutral spine position. Participants were told to
move their head and neck as far as they could without experiencing pain in all directions,
including flexion, extension, right/left lateral flexion, and rotation to the right/left. In
order to assess the upper cervical spine, patients were instructed to produce the greatest
amount of flexion and extension without experiencing any pain while standing, with their
thoracic spine and occiput touching the wall [25] (Figure 2). Two repeated measures were
made, and the mean was calculated for statistical analysis.

Figure 2. Starting positions for sagittal plane, frontal plane and horizontal plane measurements.

2.3.3. Pain

A visual analogue scale (VAS) from 0 to 10 was used to quantify the intensity of the
pain (where 0 is absence of pain and 10 is the worst pain imaginable). This assessment
has proven to be valid and reliable [26], with a minimum clinically significant difference
between 13 and 28 mm depending on baseline pain severity [27,28].
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2.3.4. Myofascial Trigger Points (MTrPs)

Six temporomandibular and cervical muscles were evaluated bilaterally through
palpation: masseter, temporalis, sternocleidomastoid, upper trapezius, splenius capitis
and suboccipital muscles. The diagnosis of MTrPs was performed following the criteria
described by Travell and Simons [29]: (1) presence of a taut band within the muscle;
(2) presence of a hypersensitive tender spot in the taut band; (3) local twitch response elicited
by the snapping palpation of the taut band; (4) and reproduction of the referred pain pattern
of the muscle. When the pain produced by palpation reproduced the patient’s typical
symptoms, MTrPs were considered active; however, if the pain produced by palpation was
unfamiliar to the patient, MTrPs were considered latent [30].

2.3.5. Pressure Pain Threshold

The pressure pain threshold (PPT) is defined as the minimum intensity of pressure
that is perceived as painful [31]. A handheld algometer (Wagner, Model FPK) with a
round surface area of 1 cm? was used to measure PPTs (Wagner Force Dial FDK 20) [32].
The PPT was assessed bilaterally in the masseter, temporalis, upper trapezius, splenius
capitis and suboccipital muscles, as well as the temporomandibular joint after a washout
period of one minute. In order to standardize the measurement point, the central part of
each muscle belly and the center of the articular line of the TM] were located and marked
with an ink dot. In order to assess central sensitization (general pain hypersensitivity)
in a non-interventional anatomical region, the thenar eminence was also assessed. The
pressure on the algometer was increased at a constant rate of 1 kg/cm?/s while it was held
perpendicular to the muscle being evaluated. When the pressure sensation turned into
pain, the patients were instructed to raise their hands. Mechanosensitivity can be measured
using the PPT examination, which has been proven to be valid and reliable [22,33].

2.4. Procedure

The study was conducted in three stages. These stages were developed during the
same consultation and were as follows:

1.  Pre-endodontic treatment assessment: Two blinded evaluators (evaluator 2 and eval-
uator 3), carried out the assessment of the outcome measures. This evaluation was
developed prior to root canal therapy and took approximately 10 min.

2. Endodontic treatment: After the assessment (baseline) the subjects received endodon-
tic treatment for 90 min.

3.  Post-endodontic treatment assessment: Once the endodontic treatment was com-
pleted, the second measurement of the dependent variables was performed by evalu-
ators 2 and 3. This assessment lasted approximately 10 min.

Data analysis was carried out by a researcher who was blind of the nature of the
intervention and the date of data collection, in order to minimize the risk of bias in the
interpretation of results.

2.5. Statistical Analysis

A statistical software package, SPSS for Windows v20.0 (SPSS Inc., Chicago, IL, USA),
was used to analyze the data. For quantitative variables, mean and standard deviation
were determined. For qualitative variables, frequencies and percentages were obtained.
The normal distribution of the variables was examined using the Kolmogorov—Smirnov
test (p > 0.05). The paired samples Student’s ¢-test or the paired samples Wilcoxon test, for
normally distributed data or non-normally distributed data, respectively, were used to eval-
uate intra-group comparisons of quantitative variables. In order to evaluate the differences
in nominal variables, the chi-square test was utilized. To figure out the magnitude of the
changes, Cohen’s d effect size was determined. The potential risk factors were selected
based on the assumed risk to influence the primary outcome variable: mouth opening
(group < 35 mm; group > 35 mm) [34]. The level of significance was established at p < 0.05.
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3. Results

The sample was composed of 29 subjects (55% men) with a mean age of 45.6 years
(SD =16.4) and a mean weight and height of 71.1 kg (SD = 14.1) and 167.6 cm (SD = 8.2),
respectively. Of the total sample, 31% were smokers. Subjects showed a pre-intervention
mean mouth opening of 46.28 mm (SD = 6.17), an average score in the TMD Pain Screener of
1.76 (SD = 2.10), in the JFLS 20 of 0.84 (SD = 1.15), in the Helkimo Index of 1.10 (SD = 1.82),
in the HIT-6 of 42.2 (SD = 8.5), and in the NDI of 4.3 (SD = 5.5).

3.1. Maximum Active Mouth Opening

The range of motion of the TMJ] was significantly reduced immediately after the
endodontic intervention (41.90 mm; SD = 6.21) compared to baseline (46.28 mm; SD = 6.17)
(p <0.001) (Table 1).

Table 1. Range of motion of the TM] and cervical spine at baseline and after the intervention. Values
are expressed as mean =+ standard deviation or mean (min-max).

Baseline Post-Endod.ontic p-Value Effect S,ize
Intervention (Cohen’s d)
Mouth opening (mm) 46.28 £+ 6.17 41.90 £ 6.21 <0.001 * 0.9021
Flexion (°) 57.25+£9.12 51.85 + 10.60 <0.001 * 0.7674
Extension (°) 51.18 + 10.72 47.97 £9.35 0.009 * 0.5206
Right side-bending (°)  35.68 = 10.12 32.39 + 8.94 0.006 * 0.5512
Left side-bending (°) 36.40 £ 9.50 35.5 (8-47) 0.005 * 0.6005
Right rotation (°) 68.61 + 13.04 67.27 +11.86 0.415 0.1536
Left rotation (°) 71.87 £11.54 66.46 + 12.27 <0.001 * 0.8767
Upper flexion (°) 12.28 £3.73 11 (6-29) 0.210 0.2109
Upper extension (°) 18.25 £ 6.50 18.97 £+ 8.05 0.421 —0.1515

* = Statistically significant (p value < 0.05).

3.2. Cervical Spine Range of Movement

After the endodontic intervention, participants evidenced a significant reduction in
general cervical mobility (flexion, extension, side bending, and rotation to the left) to
baseline (p < 0.05). No significant differences were found for right cervical rotation and
upper cervical mobility after endodontic intervention (p = 0.210-0.421). Table 1 shows the
range of motion of the cervical spine at baseline and post-intervention.

3.3. Myofascial Trigger Points

Immediately after the endodontic intervention, there was a significant change in the
distribution of MTrPs in masseter and upper trapezius muscles (bilaterally), and in splenius
and suboccipital muscles (left side) (p = 0.002-0.026). This change in the distribution pattern
of MTrPs reflected a significant tendency to activate latent MTrPs and to generate new
MTxrPs (Table 2).

3.4. Pain and Pressure Pain Thresholds

The pain intensity measured by VAS did not change immediately after the intervention
(p = 0.177). Nevertheless, PPTs of masseter, temporalis, upper trapezius, suboccipital,
splenius capitis (left side) muscles, TM], and thenar eminence were significantly reduced
immediately after the intervention (Table 3).
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Table 2. Myofascial Trigger Points in masticatory and cervical muscles. Values are expressed as
percentage (total number).

Post-Endodontic

Baseline Intervention p-Value
No 48.3 (n=14) 34.5 (n =10)
R Latent 31.0(n=9) 31.0(n=9) 0.021 *
Masseter Active 20.7 (n = 6) 345 (n =10)
No 724 (n=21) 414 (n=12)
L Latent 241 (n=7) 414 (n=12) 0.004 *
Active 34(n=1) 172 (n =5)
No 82.8 (n=24) 75.9 (n =22)
R Latent 13.8 (n=4) 20.7 (n = 6) 0.157
Temporalis Active 34(n=1) 34(n=1)
No 93.1 (n=27) 96.6 (n = 28)
L Latent 69(n=2) 34(n=1) 0.564
Active 0(n=0) 0(n=0)
No 62.1 (n=18) 51.7 (n = 15)
R Latent 241 (n=7) 27.6 (n =8) 0.212
Acti 13. =4 20.7 (n=
Sternocleidomastoid chve 38(n=4) 07 (n=6)
No 65.5 (n=19) 48.3 (n =14)
L Latent 241 (n=7) 379 (n=11) 0.830
Active 10.3 (n=3) 13.8 (n=4)
No 17.2 (n =5) 13.8 (n =4)
R Latent 172 (n=5) 6.9 (n=2) 0.025 *
Upper trapezius Active 65.5 (n =19) 79.3 (n =23)
No 17.2 (n =5) 13.8 (n =4)
L Latent 27.6 (n =8) 10.3 (n =3) 0.008 *
Active 55.2 (n =16) 759 (n =22)
No 48.3 (n=14) 34.5 (n =10)
R Latent 69(n=2) 172 (n=5) 0.160
Splenius Active 44.8 (n =13) 48.3 (n =14)
No 58.6 (n=17) 27.6 (n=28)
L Latent 241 (n=7) 31.0(n=9) 0.002 *
Active 172 (n=5) 414 (n=12)
No 51.7 (n =15) 51.7 (n = 15)
R Latent 20.7 (n = 6) 138 (n=4) 0.608
Suboccipital Active 27.6 (n=28) 345 (n =10)
No 69.0 (n = 20) 51.7 (n = 15)
L Latent 172 (n=5) 172 (n =5) 0.026 *
Active 13.8 (n=4) 31.0(n=9)

R = Right; L = Left; * = Statistically significant (p value < 0.05).

Table 3. Pressure pain thresholds in masticatory muscles, neck muscles, TMJ and thenar eminence.
Values are expressed as mean =+ standard deviation or mean (min-max).

Baseline Post-Endodontic Value Effect Size
Intervention P (Cohen’s d)
Pain Intensity
(VAS) 0(0-7.1) 0 (0-8.1) 0.177 0.2517
PPTs Thenar R 6.80 £+ 2.11 49 (3-10) 0.003 * 0.6603
eminence L 6.72 +2.28 5.7 (2.8-10) 0.004 * 0.6136
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Table 3. Cont.

Baseline Post-Endodontic Value Effect Size
Intervention P (Cohen’s d)
R 3.39 +0.97 2.77 + 0.90 <0.001 * 0.8427
PPTs TM]J
L 3.33 £1.02 2.77 £0.76 <0.001 * 1.0249
PPTs R 2.68 + 0.93 2.1(1.2-4.1) 0.015* 0.5420
Masseter L 2.81 + 0.85 2 (1-4) <0.001 * 1.0502
PPTs R 3.2(15-7.2) 2.9 (1.5-4.9) 0.028 * 0.4292
Temporalis L 3(1.4-7.8) 2.5 (1.5-4.5) 0.001 * 0.5668
PPTs Upper R 2.9(1.2-9.2) 2.6 (1.3-7.2) 0.022 * 0.4366
trapezius L 34 (1-94) 2.7 (1.5-7.3) 0.003 * 0.5249
PPTs R 2.6 (0.9-6.9) 2.5(1.5-4.1) 0.270 0.3213
Splenius L 2.8 (1.7-8) 2.2 (1.6-4.3) 0.001 * 0.5404
PPTs R 3.36 +1.27 3.093 +£1.22 0.004 * 0.5855
Suboccipital L 3.36 +1.21 2.817 + 0.69 0.004 * 0.5871
VAS = Visual Analogue Scale; PPTs = Pressure Pain Thresholds; R = Right; L = Left; * = Statistically significant
(p value < 0.05).

3.5. Potential Risk Factors for Limitation of Mouth Opening after an Endodontic Intervention

The potential risk factors that could predict a limitation of mouth opening (range
of motion less than or equal to 35 mm) after an endodontic procedure were a previously
reduced range of mouth opening and higher scoring in the Helkimo Index (Table 4).

Table 4. Descriptive and comparative values of patients with/without limitation in mouth opening
after endodontic intervention.

Patients with Patients without
Limitation (<35 mm) Limitation (>35 mm)
after Endodontic after Endodontic p-Value
Intervention Intervention
(n=15) (n=24)
Gender
(male/female) 2/3 14/10 0.453
Age 51.2 (13.7) 44.46 (17.0) 0.371
Weight 66.8 (7.9) 72.0 (15.0) 0.463
Height 165.2 (9.6) 168.0 (8.1) 0.493
Smoker (yes/no) 3/2 6/18 0.124
Mouth opening 40.4 (3.0) 47.5 (6.0) 0.016 *
TMD Pain Screener 2.20 (2.39) 1.67 (2.01) 0.614
JFLS20 1.18 (0.88) 0.76 (1.21) 0.474
Helkimo Index 3.20 (2.78) 0.67 (1.24) 0.003 *
HIT-6 41.20 (6.57) 42.46 (8.96) 0.769
NDI 5.60 (4.83) 4.00 (5.68) 0.563

TMD = Temporomandibular Disorder; JFLS 20 = Jaw Functional Limitation Scale 20; HIT-6 = Headache Impact
Test-6; NDI = Neck Disability Index. * = Statistically significant (p value < 0.05).

4. Discussion

To the best of our knowledge, this is the first study to examine temporomandibular
and cervical dysfunctions immediately after root canal therapy. Our results demonstrate
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that 90 min of root canal therapy can produce a significant reduction in mouth opening,
PPTs, and cervical mobility, as well as an increase in MTrPs.

4.1. Temporomandibular Dysfunctions

In the current study, mouth opening was significantly reduced by 5 mm immediately
after the endodontic intervention (from 46.28 + 6.17 mm at baseline to 41.90 + 6.21 mm
after the intervention). This range of mouth opening is above the cut-off for trismus
(35 mm). However, mouth opening limitation has been demonstrated to reduce functioning
and quality of life [35,36]. These findings support previous studies that have evidenced
a reduction in mouth opening after other dental procedures (lower third molar extrac-
tions) [37]. In oncologic patients, the amount of mouth opening after a dental procedure
directly affects quality of life and can become a serious burden that affects chewing, eating,
or swallowing [34]. This finding could be explained because of the release of inflammatory
mediators secondary to the dental procedure, which can cause pain, edema, and spasm of
the masticatory muscles, limiting mouth opening.

Regarding MTrPs and PPTs in the temporomandibular region, the results of the present
study evidenced a significant activation of MTrPs of the masseter and a reduction in PPTs
in the masseter and temporalis muscles. These findings could be explained by an innate
protective mechanism caused by primary hyperalgesia, a consequence of the long period of
maximal mouth opening required for the intervention (90 min), leading to an increase in the
tone of the masticatory muscles [38]. Moraes et al. (2015) found no alterations in muscle tone
of the masseter and temporalis muscles after a dental intervention [39]. However, Buesa-
Bérez et al. (2018) demonstrated electromyographic changes in masseter and temporalis
muscles after dental procedures (lower third molar extractions) [37]. This contrast may
reflect differences in the duration or timing of the dental procedure, emphasizing shorter
and more careful extraction procedures [39].

Although some authors consider that a causal relationship between dental procedures
and TM] injury is currently poorly established, Huang et al. (2006) demonstrated in a total
sample of 34,491 subjects that third molar extraction appears to be a risk factor for TMD,
with a relative risk of 1.6 (CI = 1.3-2.0) [6]. Holding the maximum mouth opening for an
extended period of time and the micro/macro trauma exerted during the procedure can
lead to TM] dysfunction [3,40]. This risk should be taken into account in order to minimize
mechanical stress to the joint during dental procedures.

4.2. Cervical Dysfunctions

In the present study, general cervical mobility and PPTs of cervical muscles were
significantly reduced immediately after the endodontic intervention. These findings were
accompanied by activation of the MTrPs of the upper trapezius, suboccipital, and splenius
muscles. To the best of our knowledge, this is the first study to examine the immediate cervi-
cal implications of dental treatment. Cervical dysfunction immediately after the endodontic
intervention can be explained by multiple anatomical and neurophysiological connections
between the cervical and temporomandibular regions through the trigeminocervical nu-
cleus [41]. Previous studies have demonstrated that patients with temporomandibular
disorders present a reduction in PPTs in cervical muscles [42—44]. The current study also
evidenced a reduction in thenar eminence PPTs (remote from the point of intervention),
which may reflect the interaction of another neurophysiological mechanism, a widespread
hyperalgesia caused by central sensitization [45].

4.3. Risk Factors

Previous studies have demonstrated risk factors associated with complications after
dental procedures, including age, gender, medical or dental history, smoking, surgical time,
and technique aspects [5,46]. Sahebi et al. (2010) found that women experience more pain
than men after an endodontic procedure, which could be due to a smaller mouth opening,
biological, or cultural factors [11]. In this study, a previous mouth opening restriction and a
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higher score in the Helkimo index (indicating TMD) are presented as potential risk factors
for predicting mouth opening restriction (<35 mm) after endodontic procedures. These
risk factors predicting a reduction in mouth opening after an endodontic intervention will
allow for the development of a multivariable predictive model on larger sample sizes in
future studies.

4.4. Clinical Implications and Future Perspectives

The results of the present study suggest relevant clinical implications. The aim of this
study was to investigate the incidence and risk factors of temporomandibular and cervical
complications after endodontic procedures.

Root canal therapy is a common treatment that has shown great benefits in relieving
symptoms and restoring function to patients. However, this study showed that very
prolonged procedures can cause TMJ and cervical symptoms in patients. A decrease in
mouth opening, PPTs, and cervical mobility, and an increase in MTrPs were demonstrated,
with higher risk in patients with previous mouth opening limitation and TMDs. These
results should be considered in the preventive and post-interventional management of
these patients.

Several treatment methods have been proposed to treat the musculoskeletal symptoms
of TMDs, including manual therapy, exercise, education, or dry needling [12]. However,
there is limited evidence concerning definitive management of mouth opening restrictions
and cervical dysfunction [47,48], so prevention should be the primary focus. Earlier
recognition of these patients could help to develop preventive interventions. Care should
be taken in the use of mechanical stress for the TM]J and cervical spine during some dental
procedures. Different devices could be used to stabilize the mandible, such as a bite
block [46].

The development of a prediction model could be useful to adopt preventive mea-
sures in patients with a high risk of temporomandibular complications after endodontic
procedures. The results of this study should be validated, and can be used to develop a
preventive program for temporomandibular and cervical complications after endodontic
procedures. Exploring the combination of multidisciplinary treatment between dentists
and physiotherapists could be a potential solution to decrease post-intervention pain or
even find alternatives for conducting physiotherapy treatment during the same session.

4.5. Limitations

A quasi-experimental study without a control group was conducted, which represents
a limitation of the present study. The absence of a control group means that it is not
possible to compare the outcome of the experimental group with a group that has not been
exposed to the intervention or treatment, which can make it difficult to determine whether
the observed changes are the result of the intervention or simply the result of external or
random factors.

Furthermore, the main limitation of studies that aimed at identifying risk factors
for developing a complication after a treatment intervention is their retrospective design.
Although this study has a prospective design, an important limitation is its relatively small
sample size, as in other prospective studies [34,49]. Consequently, it has been impossible
to statistically predict the longitudinal course of the main variable, as several risk factors
could be present. Multiple regression analyzes should be performed with larger sample
sizes in order to examine associations between TMD and the variables of interest. On the
other hand, another limitation is that only immediate effects were assessed. The immediate
examination of this study represents an advantage over previous studies, since it is possible
that neurophysiological mechanisms underlying muscle activation have an immediate
pattern. However, these results cannot be generalized to the mid/long term.
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5. Conclusions

The results of the present study demonstrate that a 90 min endodontic procedure can
result in a significant decrease in mouth opening ability, PPTs, and cervical mobility, and
an increase in MTrPs, with a higher risk in patients with a previous restriction of mouth
opening and presence of TMD (higher score in the Helkimo Index). Functional examination
of the TMJ and cervical spine should be considered before root canal therapy.
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