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ABSTRACT 

Aims:  The purpose of this case series was to describe the outcomes of patients with temporomandibular 

disorder (TMD) treated with mobilization with movement (MWM) directed at the temporomandibular joint 

(TMJ) and the cervical spine, thoracic manipulation and trigger point (TrP) dry needling.  

Methods: Fifteen consecutive patients presenting to physical therapy with TMD participated. At baseline all 

patients completed the Steigerwald/Maher TMD disability questionnaire, the Visual Analog Scale (VAS), 

and maximal mouth opening (MMO). The VAS and MMO were also collected at 15 days post-treatment and 

at a 2-month follow-up, and the Steigerwald/Maher TMD disability questionnaire was completed at the 2-

month follow-up. Treatment included MWM directed at the TMJ and cervical spine, thoracic spine 

manipulation and TrP dry needling for 4 weeks. Repeated measure ANOVAs were used to determine the 

effects of the intervention on each outcome. Within-group effect sizes were calculated in order to assess 

clinical effectiveness. 

Results: Fifteen patients (60% female, age: 44 years; mean duration of symptoms: 20.3 months) 

participated in this case series. The ANOVA revealed significant decreases in pain scores and an increase 

in MMO and disability following the physical therapy management strategy (all, P<.001). Significant 

differences were found between pre-intervention and both follow-up periods (P<.01). Within-group effect 

sizes were large (d>1.0) for all outcomes at both follow-up periods. 

Conclusions: Patients with TMD treated with a multimodal treatment approach including MWM directed at 

the TMJ and the cervical spine, thoracic manipulation and TrP dry needling exhibited significant and clinical 

improvements in pain intensity, disability and MMO.  

Key Words: Temporomandibular Disorder; Manipulation; Physical Therapy; Dry needling. 
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Mobilization with Movement, Thoracic Spine Manipulation and Dry Needling for the 

Management of Temporomandibular Disorder: A Prospective Case Series 

 

INTRODUCTION 

 Temporomandibular disorder (TMD) is defined as ‘‘aching in the muscles of mastication, 

sometimes with occasional brief severe pain on chewing, often associated with restricted jaw movement 

and clicking or popping sounds.’’1 TMD often results in debilitating orofacial pain, restricted mandibular 

range of motion and headaches.2 It has recently been reported that the prevalence of TMD is 

approximately 6.3% for females and 2.8% for males.3 

 Physical therapy is commonly utilized in the treatment of patients with TMD, toward the general 

goals of reducing adverse loading and pain, and facilitating a return to full, pain-free function.4;5 Physical 

therapy management often includes manual therapy techniques directed at the temporomandibular joint 

(TMJ) and the cervicothoracic spine in addition to exercise and postural correction. However, there is 

limited evidence to in support these techniques and studies to date have been of poor methodological 

quality.6 Therefore, further studies reporting the outcomes in patients with TMD who are treated with 

commonly used physical therapy interventions is needed.    

 Mulligan’s Mobilization with movement (MWM)7 is a form of manual therapy that is gaining 

popularity among clinicians.8 In this concept, the clinician applies a pain free manual glide force to the 

dysfunctional joint while the patient actively moves. The purpose of the technique is to improve range of 

motion while at the same time eliminating pain. With repetition, it is believed that permanent improvements 

can be gained. An underlying premise for this concept is that there is a positional fault at the joint causing 

pain and limitation of movement.9 There exists some evidence of such faults at least at the ankle.10;11 While 

MWM techniques have been described for the TMJ,12 there is no evidence for their effect in TMD. In 
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contrast the efficacy of MWM at other peripheral joints has been demonstrated, with 96% of studies 

showing positive effects.8 The major benefits of MWM techniques are their pain free nature and ability to be 

applied as home exercises.  

 Mobilization with movement has also been described for the cervical spine (in the spine MWM are 

described as Sustained Natural Apophyseal Glides’s or SNAG’s) which may be used in the management of 

TMD. For example, there is evidence that long-term cervical dysfunction may influence the function of the 

temporomandibular region and vice versa.13-16 In fact, La Touche et al demonstrated that the application of 

manual treatment directed at the cervical spine decreased pain intensity and increased pain-free mouth 

opening in patients with myofascial TMD.17 Hence, correction of cervical movement impairment may be an 

important component of the management of TMD. A Mulligan C1/2 SNAG has previously been shown to 

have positive effects on patients with upper cervical joint dysfunction and cervicogenic headache.18 

However, the effects of cervical SNAG’s in patients with TMD are not known.  

 Thoracic spine thrust manipulation has been show to be beneficial in increasing range of motion, 

decreasing pain and improving function in individuals with mechanical neck pain.19-21 Considering the 

intimate inter-relationship between the TMJ and the neck,12 some therapists have begun incorporating 

thoracic spine thrust manipulation into the management of patients with TMD. However, evidence for the 

benefits of including thoracic spine manipulation for the management of patients with TMD is anecdotal.   

 There has also been a recent trend for the utilization of trigger point (TrP) dry needling for a variety 

of musculoskeletal conditions.22 A TrP is a hyperirritable spot in a palpable taut band of a muscle that is 

often sensitive to palpation and stretch.23 Evidence supporting the use of TrP dry needling (TrP-DN) to the 

muscle of mastication in patients with TMD is scarce. Fernández-Carnero et al. have found that the 

application of DN into active TrPs in the masseter muscle induced significant hypoalgesic effects and 

increased maximal jaw opening when compared to the sham dry needling in patients with myofascial 

TMD.24 However, the application of an isolated intervention does not represent the common clinical 
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practice. Hence, the purpose of this case series is to report the outcomes of patients presenting with 

myofascial TMD and treated with a multimodal physical therapy management approach consisting of 

MWM, thoracic manipulation and TrP-DN.  

MATERIALS and METHODS 

Participants 

Patients for this case series were recruited over a seven month period (September 2011 to March 

2012) from one private physical therapy clinic in Spain. To be eligible to participate all patients had to have 

a diagnosis of myofascial TMD according to the Research Diagnostic Criteria for TMD (RDC/TMD)25 The 

following signs/symptoms were assessed with the RDC/TMD criteria: location of pain, range of jaw motion 

and associated TMJ pain, clicking sounds, and pain upon muscle and TMJ palpation. Patients had to 

exhibit a history of symptoms of at least 3-months duration; and a pain intensity of at least 30 mm on a 100 

mm visual analogue scale (VAS). Eligible patients could also exhibit cervical, thoracic or shoulder pain; 

however, their most bothersome area had to be the face. Exclusion criteria included signs or symptoms of 

disc displacement, osteoarthrosis, or osteoarthritis of the TMJ according to categories II-III of the RDC/TM; 

post-surgical conditions involving the cervical or temporomandibular region; patients who made use of 

analgesics or muscle relaxant up to 8 hours before the physical therapy procedure, and those with hyper-

mobility in the cervical region or mouth opening. Patients were also excluded if they reported that were not 

able to comply with the treatment schedule. The study was approved by Local Ethical Committee and all 

patients provided informed consent.  

Outcomes 

 All individuals provided demographic information, health history, and completed the Visual Analog 

Scale (VAS). Further, they completed the Steigerwald/Maher TMD disability questionnaire to determine the 

patients’ level of function.26 This was followed by a physical examination which included measurements of 

maximal mouth opening (MMO). The VAS and MMO were collected at baseline, at the end of the 
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treatment, 15 days post treatment and 2-months post treatment. The Steigerwald/Maher TMD disability 

questionnaire was collected at baseline and the 2-month follow-up period 

The primary outcome measure used in this study was the VAS. The VAS (a 10 centimeter line with 

0 representing “no pain” and 10 representing “the worst pain imaginable”) was utilized to quantify the 

patient’s perceived level of pain. In the current study we recorded the patient’s current pain, the worst level 

of pain over the past 24 hours and the best level of pain over the past 24 hours. Patients placed a mark 

along the line, which corresponded with the intensity of their pain symptoms. The VAS has demonstrated to 

be a valid and reliable tool for measuring the intensity of pain.27 In addition, the VAS exhibits a minimal 

clinically important difference (MCID) between 9 and 11 mms.28;29 

The secondary outcome included maximal mouth opening (MMO). Maximal mouth opening was 

measured with patients in seated position utilizing a 10 cm plastic ruler marked in millimetres. Patients were 

instructed to “open their mouth as wide as possible without causing an increase in her pain or discomfort”.30 

At the end position of MMO, the distance between the upper and lower central incisors was assessed in 

millimetres. Intra-rater reliability has shown to be acceptable when measuring mandibular opening in 

millimetres (ICC: 0.90 to 0.98).31   

Additionally, all subjects completed the Steigerwald/Maher TMD disability questionnaire26 at 

baseline as well as at the 2-month follow-up. This scale is divided into 3 components: the 

temporomandibular disability index (TDI), the temporomandibular symptom intensity scale (SIS), and the 

symptom frequency scale (SFS). A higher score is indicative of greater disability. The validity and reliability 

of this questionnaire has not yet been tested. 

Interventions 

Participants received a maximum of 9 treatments over a time frame ranging from 2 to 5 weeks at a 

frequency of 1-2 sessions per week. Treatment included mobilization with movement directed at the TMJ 

and cervical spine; thoracic spine thrust manipulation and TrP dry needling. 
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 Mobilization with Movement 

The MWM technique followed the principles described by Oliver.12 The therapist stood behind the 

seated patient, placing their palms either side of the patient’s head, with the thumbs over the zygomatic 

arches, to stabilize the head. The index fingers were placed parallel and immediately anterior to the 

posterior border of the mandible, passing over the TMJ. The third and fourth fingers of each hand were 

positioned behind the posterior border of the ramus of the mandible, just above the mandibular angle. This 

hand placement allowed the therapist to apply transverse force across the mandible as necessary, while at 

the same time allowing an anterior-inferior gliding force to the mandible on the side of restriction, whilst also 

controlling the unrestricted side, inhibiting any excessive mandibular forward gliding with the other hand 

(Figure 1). The combination of these manual forces allowed the mandible to maintain a midline position 

during mouth opening, enabling a larger range of jaw motion. The therapist could select one or several 

different glide directions, depending on the patient’s clinical presentation and response to the application of 

the technique. Pain and movement was always the guide for technique modification. If increased pain free 

movement was achieved, then 3 sets of six movements were performed at each subsequent session. Once 

full-range, pain free movement was achieved, the patient applied overpressure into depression with his 

fingers on the chin, sustaining this force for three seconds. 

SNAG C1-2 

 The cervical flexion-rotation test (FRT) was used to identify impairment of motion of the C1/2 

motion segment and consequently an indicator to apply a C1/2 MWM technique.32 For the FRT, the 

patients were positioned in supine lying and the therapist passively flexed the cervical spine to end-range. 

The therapist then rotated the head to the left and to the right. A positive test was indicated by a limitation 

of rotation.33 Range of rotation is usually 40-44º degrees to each side33;34 in asymptomatic subjects, whilst 

a range limited to 33º or less indicates a positive result.35 Previous reports indicate high intra-rater reliability 

for ROM measured by trained examiners using the FRT (ICC: 0.95, 95%CI: 0.90-0.98).35 Furthermore ROM 
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recorded during the test and examiner interpretation of the test has been shown to be consistent over time 

with a Kappa of 0.92 and a minimal detectable change of at most 7º.35 When a positive test was identified, 

a C1/2 SNAG was applied according to the guidelines suggested by Mulligan.7 A horizontal, anteriorly 

directed force was applied with the distal phalanx of the thumbs over the C1 transverse process on the 

contra-lateral side of the limited rotation. While sustaining this glide, the patient actively rotated the head in 

the direction of the limitation, based on the FRT (Figure 2). This procedure was repeated two times on the 

first occasion, and repeated six times on subsequent visits, ceasing when full range was achieved on the 

FRT.  

Thoracic Manipulation 

  We will use the nomenclature suggested by Mintken et al36 in the description of the thoracic spine 

thrust manipulation used in this case series. At each session all patients received a high-velocity, end-

range, anterior-posterior force applied through the elbows to the upper thoracic spine on the mid-thoracic 

spine in cervico-thoracic flexion with the patient in supine (Figure 3). The therapist used the manipulative 

hand to stabilize the inferior vertebra bone of the motion segment targeted and used the upper trunk to 

apply a force through the patient's arms and performed a high-velocity, low-amplitude thrust. Patients 

received 2 manipulative interventions each session targeting thoracic segments T1-T4.  

Trigger Point Dry Needling  

During all treatment sessions, the patient received the TrP-DN technique directed at the temporalis 

and masseter muscles active TrPs. The TrP-DN procedure used was similar to the TrP injection described 

by Hong et al.37,38 The TrP was compressed by the index finger or middle finger of the non-dominant hand 

of the therapist to direct the placement of the needle tip while inserting the needle. An acupuncture needle, 

0.2 inches in length, was held by the therapist’s dominant hand. The needle was inserted into the skin at a 

point above the taut band over the TrP (Figure 4). After penetration of the needle into the skin tissue, it was 

directed to the muscle TrP until a first local twitch response was provoked. Then, the needle was inserted 
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and withdrawn from the TrP rapidly. With rapid movement of needle, a local twitch response can be elicited 

if the needle tip encounters a sensitive locus. The needle insertions were repeated to elicit as many local 

twitch responses as possible. On each session, 2-3 min. was approximately required for the procedure.  

 Data Analysis 

 Mean baseline demographic values were calculated for continuous variables. Frequencies were 

calculated for categorical variables. A normal distribution of quantitative data was assessed by means of 

the Kolmogorov-Smirnov test {P > .05). A 1-way analysis of variance (ANOVA) for repeated measures was 

used to compare the within-patient scores for each dependent measure. The Bonferroni correction was 

used as the post hoc analysis. Dependent t-tests were used to determine if a significant difference existed 

between baseline and the 2-month follow-up for all 3 subscales of the Steigerwald/Maher TMD disability 

questionnaire. Within-group effect sizes were calculated using Cohen d coefficient (d).39 An effect size 

greater than 0.8 was considered large, around 0.5 moderate, and less than 0.2 small. Data were analyzed 

with the PASW package version 18.0. A p value less than .05 was considered statistically significant.  

RESULTS 

 Eighteen patients with myofascial TMD were screened for eligibility criteria. Four did not meet the 

eligibility criteria as made use of analgesics prior to any of the treatment procedures. Of the 15 subjects 

that participated in this case series 9 were female (60%) and the mean duration of symptoms was 20.3 

months (SD: 20.4 month, range 3-72 months). Four patients (26.7%) reported bilateral pain and 12 (80%) 

reported experiencing headaches sporadically. They had been treated for an average of 5.6 (SD 1.8) visits 

(median 5.0, range 3-9) with previous interventions. Baseline characteristics for each patient can be found 

in Table 1.  

A 1-way ANOVA of repeated measures revealed a significant decrease in VAS scores following the 

evidence-based management strategy (F=40.5; P<.001). Post hoc testing found that statistically significant 

differences existed between baseline measurements of the VAS and VAS at the final visit (p<.001). 
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Additionally there also existed a significant difference between the baseline VAS and the 2-month follow-up 

period (P<.01). Within-group effect sizes were large (d>1.4) for post-intervention and follow-up periods. 

Baseline and follow-up scores as well as the difference between pretest and posttest values can be found 

in Table 2. The change scores for the VAS scores for each individual patient can be found in Figure 5. 

A 1-way ANOVA of repeated measures revealed a significant decrease in WVAS scores following 

the evidence-based management strategy (F=48.9; P<.001). Post hoc testing revealed statistically 

significant differences between baseline measurements of the WVAS and WVAS at the final visit (p<.001) 

Additionally, there also existed a significant difference between the baseline WVAS and the 2-month follow-

up period (P<.01). Within-group effect sizes were large (d>1.8) for post-intervention and follow-up periods. 

Baseline and follow-up scores as well as the difference between pretest and posttest values can be found 

in Table 2.  

A 1-way ANOVA of repeated measures revealed a significant decrease in BVAS scores following 

the evidence-based management strategy (F=36.8; P<.001). Post hoc testing showed that statistically 

significant differences existed between baseline measurements of baseline BVAS and BVAS at the final 

visit (p<.001). There also existed a significant difference between the baseline BVAS and the 2-month 

follow-up period (P<.01). Again, within-group effect sizes were large (d>1.2) for post-intervention and 

follow-up periods. Baseline and follow-up scores as well as the difference between pretest and posttest 

values can be found in Table 2.  

The ANOVA revealed a significant increase in MMO following treatment (F=18.9; P=.001). Post 

hoc testing reported that statistically significant differences existed between baseline MMO and MMO at the 

final visit (p=<.001). Again, there also existed a significant difference between the baseline MMO and the 2-

month follow-up period (P=.001) with large effect sizes (d=1.1) 

The dependent t-tests demonstrated a significant difference between baseline and the 2-month 

follow-up for the TDI (p<.001), SIS (p<.001), SFS (p<.001). Again, effect sizes were large. 
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DISCUSSION 

 The patients with myofascial TMD in the current case series exhibited significant and clinical 

important improvements in pain intensity, range of motion, and disability following the intervention period. 

The effect sizes were large for all of outcomes at both immediate and the 2 months follow up period. It 

should be noted that the reduction in pain was not only statistically significant but also clinically meaningful 

as it exceeded the MCID on the VAS, identified as 9-11mm.28;29 Further, even the lower bound estimates 

for the 95% confidence intervals fall above the MCID and provide evidence that the multimodal intervention 

applied in the current case series may be beneficial in the management of patients with TMD. 

One component of the intervention was MWM directed at the TMJ. To date there has only been 

one case report to describe the outcomes following MWM in the management of a patient with TMD.12 The 

case report included a female patient who experienced chronic TMD, neck pain, and headaches which 

resulted in significant disability for many years. After 5 treatment sessions, comprising principally MWM and 

MWM home exercise, the patient was pain free and functioning normally and remained so at a 3-month 

follow up period. The proposed mechanism of action for MWM has been explored in-depth.9 One of the 

principle mechanisms is believed to be correction of a positional fault at the faulty joint with the MWM glide 

force. While there is evidence of a positional fault in pathologies affecting the ankle,10;11 the knee,40 and the 

shoulder41, there is no such evidence for the TMJ. In addition there is only very preliminary evidence that 

MWM can influence a positional fault,42 or that such change is associated with improvement in range of 

motion, pain and disability.43 

 It is possible that the thoracic manipulation might have contributed to the overall outcomes by 

improving biomechanical impairments. However, it has been recently suggested that the benefit of 

manipulation occurs through a neurophysiologic process rather than a biomechanical one.44;45 It is possible 

that spinal manipulation results in a hypoalgesic effect.46 It has also been demonstrated that spinal 

manipulation results in improvements in thermal sensitivity or it is also plausible that the thoracic 
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manipulation resulted in a reduction of inflammatory cytokines. Nevertheless, the exact mechanism through 

which spinal manipulation exerts its effects remains to be determined.   

 To date there have been very few studies that have examined the effects or reported the outcomes 

of patients receiving TrP-DN techniques. A recent case series of 9 rock climbers with lateral epicondylalgia 

received a multimodal treatment approach including TrP-DN to the wrist extensor muscles.47 All patients in 

that case series exhibited a clinically meaningful improvement in function and pressure pain thresholds 

over the wrist extensor muscles. However, a cause and effect between the outcomes and the intervention 

could not be determined since a comparison group was not included. The physiological mechanism by 

which TrP-DN exerts its effects is currently unknown. However, it has been speculated that DN may 

stimulate Aδ fibers and perhaps can activate serotonergic and noradrenergic inhibitory systems.48 It is also 

plausible that the needle may result in a quick stretch to the shortened muscle fibers resulting in a 

relaxation of the sacromeres.22 Furthermore, it has also been demonstrated that substance P and calcitonin 

gene related peptide can be reduced in TrPs after being stimulated with a needle.49  

 There are a number of limitations to this case series that must be considered. Perhaps most 

importantly is the fact that we did not include a control group and hence cannot be certain if patients 

improved because of the treatment. It is possible that the improvements observed in the patients may be 

related to the passage of time; however, we would expect this to be unlikely given the current duration of 

symptoms (20 month). Additionally, the small sample size may limit the generalizability of the findings to all 

patients with myofascial TMD. We only included a short term follow-up period of 2-months. We cannot be 

certain if the benefits achieved would be maintained beyond this point. Future randomized clinical trials 

should be carried out using larger sample sizes and long-term follow-up periods to determine if a cause and 

effect relationship exists.  

CONCLUSION  
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 Patients with TMD treated with a multimodal treatment approach including MWM directed at the 

temporomandibular joint and cervical spine, thoracic manipulation directed at the thoracic spine and TrP-

DN exhibited significant and clinical important improvements in pain, disability and MMO. Furthermore, 

these changes were maintained 2 months after discharge. Future clinical trials are necessary to determine 

if a cause and effect relationship exists between the interventions utilized and the outcomes. 
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Table 1: Baseline characteristics for each patient 

  

Subject Sex Duration of 
symptoms 
(months) 

Age Physical 
Therapy 

Treatments 

Baseline 
VAS 

Baseline 
WVAS 

Baseline 
BVAS 

TDI  SIS SFS 

1 M 3 26 3 62 89 28 48 32 47 

2 M 6 39 5 70 95 45 52 36 56 

3 W 24 33 6 48 63 25 56 42 54 

4 M 18 54 4 36 61 18 41 33 42 

5 M 60 49 8 57 77 34 53 27 52 

6 W 72 53 7 47 85 38 59 41 49 

7 W 12 28 5 64 92 48 54 18 51 

8 W 3 46 3 42 72 25 47 25 49 

9 M 6 63 7 38 65 24 48 36 53 

10 W 8 57 5 58 79 31 47 36 46 

11 W 9 44 6 55 74 18 28 27 29 

12 M 30 38 9 61 78 43 39 34 43 

13 W 12 55 7 64 87 35 42 37 41 

14 W 24 43 5 35 63 21 38 29 38 

15 W 18 41 4 46 87 37 47 25 44 

 

VAS= Visual Analogue Scale, WVAS= Worst level of pain over the past 24 hours Visual Analogue 

Scale, BVAS= Best level of pain over the past 24 hours Visual Analogue Scale. 

TDI= Temporomandibular Disability Index, SIS= Temporomandibular symptom intensity scale, 

SFS= Symptom Frequency Scale.  
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Table 2: Mean outcomes and baseline and each follow-up period along with change scores and 95% confidence intervals. 

 

 Baseline 

 

Final Visit 

 

2-Month Follow-

up Period 

Difference Between Baseline 

and Final Visit (95% CI) 

Difference Between Baseline and 

2 Month Follow-up (95% CI) 

VAS mean (SD)  52.2 (11.3) 26.5 (14.0) 23.9 (15.7) 25.7 (17.7, 33.8) 28.3 (18.8, 37.9) 

WVAS mean (SD) 77.8 (11.3) 44.6 (19.7) 41.7 (20.7) 33.2 (23.4, 43.0) 36.1 (25.0, 47.3) 

BVAS mean (SD) 31.3 (9.7) 12.9 (11.2) 11.6 (13.7) 18.4 (12.1, 24.7) 19.7 (12.8, 26.7) 

MMO 37.5 (4.4) 48.9 (7.8) 47.7 (8.4) 11.4 (6.9, 15.9) 10.2 (5.2, 15.2) 

TDI 46.6 (8.0) ------------- 24.87 (12.1) --------------- 21.7 (16.1, 27.4) 

SIS 31.9 (6.6) -------------- 17.8 (9.5) --------------- 14.7 (10.0, 18.1) 

SFS 46.3 (7.1) ------------- 24.3 (11.7) --------------- (15.8, 28.2) 

 
VAS= Visual Analogue Scale, WVAS= Worst level of pain over the past 24 hours Visual Analogue Scale,  BVAS= Best level of pain over the past 24 

hours Visual Analogue Scale, MMO= Maximal mouth opening, TDI= Temporomandibular Disability Index, SIS= Temporomandibular symptom 
intensity scale, SFS= Symptom Frequency Scale. 
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Figure 1: Mobilization with Movement (MWM) intervention targeted to the TMJ joint. 
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Figure 2: Sustained Natural Apophyseal Glides’s applied over the upper cervical spine (SNAG C1-2). 
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Figure 3: Thoracic spine thrust manipulation. 
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Figure 4: Trigger point dry needling (TrP-DN) over the masseter muscle. 

 

 
Figure 5: Change scores between baseline/final visit and baseline/2 month follow-up for the Visual Analog Scale. 
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