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Effects of proprioceptive neuromuscular facilitation in addition
to routine physical therapy on pain, range of motion and
postural alignment in patients with temporomandibular

joint disorders: a randomized controlled trial protocol
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ABSTRACT

OBJECTIVE: To evaluate the effects of proprioceptive neuromuscular
facilitation (PNF) on pain, range of motion (ROM), and postural alignment in
temporomandibulder joint disorders (TMD) patients with forward head posture
(FHP).

METHODS: This single blinded, randomized control trial will be conducted at
Physiotherapy Department, Punjab Social Security Health Management
Company Hospital, Raiwind, Lahore, Pakistan. Study design will be parallel having
58 Sample size, allocation ratio |:I. Group A (control) will follow routine
physiotherapy (ultrasound/TENS and stretching/strengthening and ROM
exercises for jaw and group B (intervention) will follow proprioceptive
neuromuscular facilitation (PNF) program with routine physiotherapy. Both
groups will follow 3 sessions per week for 4 weeks and home exercises for 2
weeks. Pain, ROM and Postural assessment will be conducted on baseline, 6" and
12" week. The PNF program will compose of a total of 8 therapeutic
exercises. This exercise program will help clinician in future to treat TMD patient
more effectively. Main outcome variables will be Pain , ROM and Postural
assessment. Pain and ROM are primary outcome and postural assessment is
secoundary outcome.pain intensity will be measured by visual analogue scale,
ROM by vernier caliper and photogrammatory method will be used for postural
assessment.

DISCUSSION: This randomized controlled trial will be the first of its kind for
TMD due to forward head posture. this trial will provide a well structured and
well planned exercise plan.

Clinical Trial Registration Number: IRCT20210704051785N |

KEYWORDS: Pain (MeSH); Range of Motion, Articular (MeSH); Postural
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MeSH); Temporomandibular Joint Disorders (MeSH)
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INTRODUCTION

emporomandibular disorder
(TMD) causes pain around the
temporomandibular joint and
dysfunction of surrounding muscles. The
causes of TMD can be attributed to many

factors. These mainly include the
pathological status of the muscles that

are frequently used in chewing, the
posture muscles of the neck, and the
connection status of the
Temporomandibular joints(TM]).'

The causes of TMD reported in the
literature varied widely, including
improper chewing or other bad habits,
trauma, improper postures, spinal
deformation, or mental stress.” TMD
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may be cause not only by the structural
defects around the temporomandibular
joint but also abnormal alignment of the
neck or deformation, resulting in
anomaly in the temporomandibular joint.
Janda suggested that the structural
damages in the surrounding tissues
caused during the inflammatory phase
after an injury is inflicted on the
musculoskeletal system.™*

TMD affects up to 15% of adults and 7%
of adolescents. Incidence reports TMD
pain in adult diagnosis were 3.9% and for
self-reported TMD-pain in adolescents
were 4.6%.° Women suffer from TMD
than men. Although there are arguably
multiple reasons for sex-related
differences in the prevalence of TMD,
one candidate for the increased
occurrence of this disorder in women
has been suggested to be the female sex
hormone estrogen.’

The symptoms of TMD include
excessive tension in the muscles in the
chin, face, and neck, remitted movement
of the chin, pain when opening or closing
the mouth, and noise from the
Temporomandibular joint. Due to the
damages in the body structure and body
functional compromises, the patients
experience difficulties in swallowing,
eating, chewing in daily living life.”
Cortese et al. argued that the forward
headed posture changes the position of
the mandible, so that the mandible is
pulled posteriorly and inferiorly, while
the locations of the mandibular condyle
and articular disc positions are changed
intemporomandibular joint.’
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Table I: Proprioceptive neuromuscular facilitation (PNF) programs

PNF exercise program

Exercises followed on weekly basis

cervical.

Contract relax technique used to Elongate extensors of upper

I* and 2" week in hook lying position

Combination of isotonic used for Reciprocal inhibition of
sub-occipital muscles with infra-hyoid muscles strengthening

I* and 2" week in hook lying position

TMJ ROM with the help of spatula

Stabilizing reversal used in corrected sting posture to increase

I* and 2 week in sitting position

corrected sitting posture of neck

Combination of isotonics used for tongue exercise in

I* and 2" week in sitting posture

corrected posture of neck

Approximation applied to Increase mobility of mandible in

2" week in sitting posture

opening

Combination of isotonics used to improve maximum mouth

3“ and 4" week in sitting posture

apple

Rhythmic stabilization applied with biting a large surface like

4" week in corrected sitting position

Holding the towel behind neck and opening mouth

2", 3" and 4" week in sitting posture

The forward headed posture, which was
the hypothesis of the TMD of the patient,
causes excessive tension in certain
muscles in the head and neck, impairing
the chewing and eating activities. Such an
abnormal movement causes
inflammation in the temporomandibular
joint, making noises and causing pain.’

Analgesic drugs are primary treatment
for TMD-related pain and dysfunction
with more that 90% of treatment
recommendations involving use of
medications. however, evidence in
support of the effectiveness of these
drugs is lacking.® Extensive reviews and
clinical studies do not indicate that
orthodontic treatment predisposes or
decreases the risk of developing future
TMD. Recent studies highlight that
occlusion-changing procedures are no
longer considered appropriate for most
patients with TMD."

In a national survey, 72% individual
considered physiotherapy as an effective
treatment for TMD, jaw exercises
(79%), ultrasound (52%), manual
therapy (48%), acupuncture (41%) and
laser therapy (15%) considered to be
effective.’! De Freitas et al. (2013)
reported that the home programs for
TMD were effective in addressing the
problems of the patients who were
closely related to improper habits."” Yagi
et al. (2008) focused on the tongue
movement of the TMD patients and
reported that frequent hanging out the
tongue may cause impairment of the
temporomandibular joint. And, with the
pulling of the tongue, they tried to realign

the cervical spine and relax the muscles
surrounding the temporomandibular
ioint.|3

PNF was developed by Kabat and Knott,
1953 during the 1950s." The philosophy
of PNF is to use the total body approach
and the positive approach to focus on
improving the activity level and the body
structures and body functions.''"* PNF is
indirect treatment is effective in
functional enhancement for the patients
with musculoskeletal diseases
accompanying severe pain.” PNF is
effectivein TMD."®

Due to increased use of technology like
cell phone and computers, forward head
posture is a problem of modern world.
According to evidence abnormal neck
alignment is a cause of TMD. Patient
suffering from TMD due to abnormal
neck alignment from years but not having
proper structural exercise plan is a major
literature gap. Evidence show abnormal
neck alignment or forward head posture
with TMD, was effectively managed in a
case study by PNF program in 4 weeks.
Therefore this study will provide a well-
planned and structural exercise program
for faster improvement in TMD with
abnormal neck alignment.

METHODS

Study Design: Parallel, Randomized
Controlled Trial, single blinded Sample
size of 58, allocation ratio | :1.

Study Setting: Physiotherapy
department, Punjab social security
health management company hospital,

manga road, raiwind, Lahore.

Recruitment Of Particiants: Fifty
eight diagnosed patients of TMD,
according to Research Diagnostic
Criteria (RDC) of TMD participated.
Patient excluded on the base of cervical
line angle (CLA<47°) for FHP " and
maximum mouth opening <39mm.”
After assessment written informed
consent were signed by all participants
who were eligible to voluntarily
participate in this study.

Sampling Technique: Non probability
purposive sampling technique

Sample Selection:
Inclusion Criteria:
Age 20-50years,
Male and female,

Having temporomandibular joint
disorders with abnormal neck
alignment,

Pre-diagnosed patients referred by
dentist and orthotics.

Exclusion Criteria:

Systemic or local pathology like
infectious or vascular disease of
orofacial region

Patient using another form of
treatment for TMD

Patient using functional appliances
H/o frequent open dislocation
Cervical radiculopathies
Rheumatoid arthritis
Osteoarthritis of TM)

peripheral nerve injury”

Diagnosed case of TMD, with FHP and
limited mouth opening will be included.

Randomization: Participants will be
randomly allocated into two groups.
Control group will follow routine
physical therapy (RPT) and Experiment
group will follow RPT in addition to PNF
exercises. Sealed envelope will be used
to randomly allocate participant in each
groups.

Blinding: This study will be single
blinded; senior physiotherapist
(assessor) will be blinded to group
allocation of participants. Age, gender
and BMI was measured on baseline. Pain,
ROM and postural alignment will be
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. h
assessed on baseline, 6" week and follow
h
upon 12" week.

Sample size: The calculated sample size
based upon mouth opening whichis 24 in
each groupi.e. n = 48 (24 in each group).
By adding 20% drop out rate the final
sample size will be 58. i.e. (29 in each
groun).

o Gaopt Taeyy)® + (OF +85)
iy _1,)?

Level of significance=95%

Zl1-a/2
Zl-B power of the study = 80%

ul Expected mean value of
mouth opening with
Experimental Group=39.75
(Pilot study)

u2 Expected mean value of
mouth opening with Control
Group =37.58 (Pilot study)

ol Expected standard deviation
in Experimental Group=2.78
(Pilot study)

62 Expected standard deviation
in Control Group= 2.49 (Pilot
study)

n Expected sample size in a
group=29

Outcome Measures
Primary Outcomes:

I. Pain intensity: pain intensity will be
assessed by visual analog scale (VAS).
Participants choose current pain level
after explanation of scale pain levels,
which was displayed on Performa
from 0 (no pain at all) to 10
(unbearable pain).”*

2. Range Of Motion: ROM is the
extent of movement of a joint, will be
measured by vernier caliper.” TM]
normal ROM is a2 40 mm opening, 7
mm lateral deviation, and a2 6 mm
protrusive movement.”

Secondary Outcomes:

I. Postural assessment: postural
alignment will be assessed by CLA for
FHP with photogrammetry method.
A picture will be taken with digital
camera from 2 meters distance.
Reflective markers placed on lateral
cantus of eye, mid-point of tragus,
spinous process of C7 vertebrae and
centre of humerus. Lines will be
drawn on picture to measure below

25,26
angles by posture screen app.

Photogrammetry is reliable tool to
examine sagittal head, cervical and
shoulder angle by a software” or
mobile app.” Posture screen app
showed good reliability * and will be
used in this study.

Sagittal head angle (SHA) — The angle
between the two line makes SHA.
horizontal line passes the tragus and
another lateral line that connects the
tragus and lateral canthus of eye. 17°
angle considered normal.

Cervical line angle (CLA) — The cervical
line angle is good and reliable tool to
assess FHP. This is the angle also formed
by two lines, one horizontal line that cuts
through the spinous processes of C7 and
another line that connects the tragus.
Angle less than 47° considered FHP.

Shoulder angle (SA) — The angle between
the center of humerus and the spinous
process of C7 formed by two lines called
shoulder angle. Angle 5I°considered
normal."*”

Ethical considerations: This study is
ethically approved IRB-UOL-
FAHS/890/2021 dated 6/7/2021 by
ethical committee of University of
Lahore, Pakistan. After assessment
written informed consent will be signed
by all participants who were eligible to
voluntarily participate in this study. The
rules and regulations set by the ethical
committee of the University of Lahore
will be followed while conducting the
research and the rights of the research
participants will respected.

® Written informed consent will be
taken from all the participants.

® All information and data collection
will be kept confidential.

® Participants will remain anonymous
throughout the study.

® The subjects will be informed that
there are no disadvantages or risks to
the procedure of the study.

® They will also be informed that they
will be free to withdraw at any time
during the process of the study.

® There will be no known risks
associated with this research.

® Their treatment will be giving
benefits to the participant; both
exercise programs reduce pain and

increase range of motion.

® We will do everything we can to
protect participant privacy.
participant identity will not be
revealed in any publication resulting
from this study.

® Dparticipant participation in this
research study is voluntary.
participant may choose not to
participate and the participant may
withdraw their consent to
participate at any time. the
participant will be penalized in any
way, should the participant decide
not, participant participate or
withdraw from this study.

Data collection procedure: Group A
follow routine physiotherapy and group
B follow PNF program in addition to
routine physiotherapy. Both groups will
follow 3 session per week for 4 weeks
and home exercises for 2 weeks. pain,
range of motion and postural assessment
will be conducted on %, 6" and 12"
week.

Group A

Group A will follow routine physical
therapy which include
ultrasound/TENS/infrared and
ROM/strengthening exercises for 4
weeks (3 session per week).”
Ultrasound therapy (3MHz, 0.8-
I.OW/cm®) will be used on TM] for 4
mins,” TENS (continuous mode) and
infrared lamp will be applied by
researcher on temporomandibular joint
fo I5 min. Range of motion of TM]
(mouth opening, protrusion and lateral
deviation) and  static strengthening
exercises” will be advised by researcher.
Patient will perform home exercises 3
timesadayin 10 repetation.

Group B

Group B will follow routine
physiotherapy (TENS/ultrasound
f/infrared)with PNF program, which is
compose of |2 sessions over 4 weeks,
each session will continue 30 min and
follow home exercise plan for two week.
PNF program will be terminated after 4”
week.” Patient will performed PNF
program 4 weeks under supervision of
therapist or researcher, after 4 weeks
follow 2 weeks of home plan.

Proprioceptive neuromuscular
facilitation (PNF) programs

The PNF program will compose of a
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total of eight therapeutic exercises,
including the home exercise. In
consideration of the alignment of the
cervical spine and the painin the TMJ, the
posture with a wider base of support will
be modified to have a narrower one. All
exercise programs will be designed
based on the PNF basic principles, basic
procedures, and philosophy of PNF.

The patterns and techniques of PNF will
be adapted to the hypothesis of activity
limitation. The PNF program, which
extends over 4 weeks, took the
programs of each week will be adjusted
by combining three to four exercise
programs. As a result, three sessions will
be conducted in each week, and each of
these sessions last for 30 min. Before the
starting of the exercise program, the
patient was given with an overall
explanation and detailed instructions on
deep-breathing.” The exercise will be
interrupted when the patient reported
pain or fatigue to have a 2- to 3-min
break. The break will not include in the
total duration of exercises.'®

Data analysis procedure: SPSS version
21 will be used for data entry and
analysis. Quantitative variables will be
presented with mean=SD and
qualitative variables will be presented
with frequency and percentage.
Normality of the data will be assessed
with Kolmogorov Smirnoff test. If data
fulfills the assumption of normality than
repeated measure ANOVA will be
applied to see the outcome measures
(Pain, ROM, Mouth opening, sagittal
cervical and shoulder angle) in both
treatment groups during course of
follow up time duration. In case
assumption of normality is violated than
alternative non parametric test, man-
whitny U test, Friedman test will be
applied. p-value <0.05 will be
considered statistically significant.

DISCUSSION

This randomized controlled trial
addresses the impact of adding PNF to
routine physical therapy for TMD in
patients with FHP. The study fills a
notable gap in existing literature,
focusing on the structural implications of
FHP on the temporomandibular joint
and associated challenges in chewing and
eating activities. The choice of PNF as an
intervention is well-justified, aligning
with its total-body approach and positive

outcomes in musculoskeletal diseases
with severe pain. The robust
methodology, including a blinded
assessor and well-defined outcome
measures like pain intensity, range of
motion, and postural assessment,
enhances the study's credibility. The
detailed PNF exercise program, rooted
in its principles, provides a structured
approach to address activity limitations
associated with TMD and FHP If
successful, the study has the potential to
significantly impact clinical practices,
offering an effective exercise plan for
TMD patients with abnormal neck
alignment.

In conclusion, this article presents a
valuable contribution to TMD literature,
offering a clear and structured exercise
plan for patients with FHP. The study's
methodology and rationale for PNF
intervention, if proven effective, can
inform clinicians and improve the
management of TMD, emphasizing the
importance of addressing structural
issues associated with abnormal neck
alignment. The research's ethical
considerations and transparent
reporting enhance its overall reliability
and potential impact on future clinical
approachesto TMD.
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