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OBJECTIVE  
Analysis of the muscle activities of arthrogenous TMD subjects during the Learreta 
Decompression Test as compared to a control group of asymptomatic volunteers. 

METHODS  
Forty-nine MRI confirmed arthrogenous subjects with internal derangements had their 
masseter and temporalis EMG activity recorded at rest and during clenching using the 
Learreta Decompression Test protocol as did a 34-member gender-matched control 
group. Data from both groups were subjected to eight different EMG index calculations 
that were tested for significance using the Mann-Whitney U Test and the Sign Test. 

RESULTS  
The mean EMG values at rest and during clenching revealed significant differences 
between the arthrogenous group and the control group for all four muscles (p < 0.05). 
However, among the 8 indexes tested only the Activity Index and the Asymmetry Index 
revealed any significant differences between the groups (p < 0.05). No significant 
differences were found related to acute or chronic status within the arthrogenous group 
(p > 0.05). 

CONCLUSION  
When testing for TMJ compression using the Learreta Decompression Test the mean EMG 
values of the masseter and anterior temporalis muscles, the Activity Index and the 
Asymmetry Index can be useful in evaluating arthrogenous subjects and identifying 
patients that may benefit from custom oral appliances. 

CLINICAL SIGNIFICANCE   
The Activity Index and the Asymmetry Indexes may complement the Learreta 
Decompression Test in evaluating the presence of arthrogenous. 

INTRODUCTION 

Surface electromyography (SEMG) has been the standard 
method used in dentistry for many decades to evaluate 
muscle activity under various conditions.1‑3 Muscle activity 
from SEMG is easily obtained and a reliable measure of the 
relative contractibility of the masseter and anterior tempo
ralis muscles.3‑7 Arthrogenous Temporomandibular Disor
der conditions are associated with internal derangements 
of the articular disc. The Learreta Decompression Test was 
published by Prof. Dr. Jorge Learreta in 2011 to test for 
the presence of compression within the TMJs.8 It is a five 

step process recording EMG; 1) at mandibular rest, 2) with 
clenching in maximum intercuspal position (MIP), 3) with 
one cotton roll placed over molars and premolars on one 
side, 4) with one cotton roll placed on opposite side, and 5) 
with two cotton rolls place bilaterally over all molars and 
premolars. Eight commonly used EMG Indexes were also 
tested in this study. 

EMG INDEXES DEFINED 

Masseter Percentage Overlapping Coefficient     
(POCM)9‑11 Reveals symmetry of masseter EMG activity as 
a percentage. 
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Temporalis Percentage Overlapping Coefficient     
(POCT)9‑11 Reveals symmetry of anterior temporalis EMG 
activity as a percentage. 

Torque Coefficient (TORS)   Reveals lateral torquing of the 
muscle activity as a percentage.12‑16 

Asymmetry Index  (AI) Reveals the asymmetry of muscle 
activities as a percentage.12‑14,17 

Activity Index (ACT)  Reveals any differential activity of 
masseter and temporalis muscles.13,15,17 

Activation Index (ATTIV)   Most prevalent pair of masti
catory muscles or sum of the absolute differences between 
sides for the masseter and anterior temporalis muscles.16,18 

Left Synergy  The relationship as a percentage between the 
left-side masseter and anterior temporalis muscles.19‑21 

Right Synergy  The relationship as a percentage between 
the right-side masseter and anterior temporalis mus
cles.19‑21 

OBJECTIVE 

Analysis of the masseter and anterior temporalis muscle 
activities of arthrogenous subjects during the Learreta De
compression Test and eight popular EMG indexes when the 
subject group was compared to a control group of asympto
matic volunteers. 

METHODS 

The subject group included 49 arthrogenous subjects, (30 F, 
61 %), with bilateral (24), left side only (18) or right side 
only (6) Magnetic Resonance Imaging-confirmed internal 
derangements. Subjects with < 6 months painful symptoms 
(21) were considered as relatively acute while those with > 
6 months painful symptoms (28) were labelled as chronic 
for the sake of a comparison. As also indicated by the MRIs, 
effusion was present in 32 subjects and osteoarthritis in 18 
subjects. All subjects gave informed consent for participa
tion and this study was conducted in accordance with the 
seventh revision of the World Medical Association Declara
tion of Helsinki (2013), which emphasizes the importance 
of the publication of studies that describe negative find
ings. No treatment or experimental procedures were pro
vided during this study. 

A volunteer control group was assembled with 34 youth
ful subjects (21 F, 62 %), in good general health with zero 
TMJ signs or symptoms (no reported pain, deviation or 
deflection on mouth opening, no tenderness of the TM 
joint lateral pole, no muscular tenderness, no report of 
headaches, etc.). The majority were in Class I occlusion 
with no skeletal malocclusions, all had normal ranges of 
motion (> 40 mm) and lateral excursions. For ethical rea
sons the control subjects were not subjected to ionizing 
radiation to assess TMJ status. Although gender matching 
was obtained, a possible limitation was that the control 
group’s mean age of 26.1 + 6.5 years was significantly 
younger than the experimental group’s mean age of 32.2 + 
14.1 years (p < 0.05). 
The superficial masseter and anterior temporalis mus

cles were recorded bilaterally from both groups using a sur
face electromyograph, BioEMG III and the BioPAK com
puter program (Bioresearch Associates, Inc. Milwaukee, WI 
USA), The Learreta Decompression Test includes recording: 
a) the resting muscle activity, b) clenching in the maximal 
intercuspal position (MIP), c) clenching hard on one cotton 
roll placed between all the right posterior teeth, d) clench
ing hard on one cotton roll placed between all the left pos
terior teeth and e) clenching hard on 2 cotton rolls placed 
bilaterally between all posterior teeth. See Figure 1. 
Filtered EMG data were used to calculate mean values, 

standard deviations and the coefficients of variation for 
each muscle under each of the five conditions. Eight pre
viously described EMG indexes were also tested using the 
same data recorded under each of the five conditions (Rest
ing muscle activity, Clench in MIP, Clench on Right Cotton 
Roll, Clench on Left Cotton Roll, and Clench on Bilateral 
Cotton Rolls.). 

RESULTS 

For the three indexes ATTIV, Left Synergy and Right Syn
ergy, no significant differences were found in their means 
or their variability for any of the five conditions tested. 
Thus, only the five remaining indexes are described here. 

RESTING ACTIVITY 

The resting activity means of the arthrogenous subject 
group were significantly higher compared to the control 
group for all four muscles (p < 0.002) after applying the 
Mann-Whitney U Test. See Table 1. After calculating the 
coefficients of variation for the resting activity of the four 
muscles of both groups, the mean coefficient of variation of 
the arthrogenous group was found to be significantly larger 
than the control group mean according to the Sign Test (p < 
0.01268). 

CLENCH IN MIP 

With respect to clenching in the maximum intercuspal po
sition (MIP), the control group means for each muscle were 
significantly larger than the comparable means from the 
arthrogenous group (p < 0.0111). See Table 2. Among the 
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Figure 1. Example Cotton roll test (Learreta Decompression Test) of arthrogenous subject. In the upper part of                
the picture, the natural clench in Maximum Intercuspal Position produced the masseter and temporalis muscle                
contractions represented by violet arrow. The right Cotton Roll Test, the left Cotton Roll Test, and the bilateral                   
Cotton Rolls Test produced increased muscular activity indicated by green, yellow, and blue arrows respectively                
in the upper left EMG Sweep View pane.         

Figure 2. The Learreta Decompression Test clench pattern in an asymptomatic control subject. No change was               
noted from the Maximum Intercuspal Position (MIP) clench to the bilateral Cotton Rolls clench (seen in the EMG                   
Sweep View, upper left pane). The muscle values in microvolts show consistent threshold values of right and left                   
masseter and temporalis muscles noted in the upper right EMG Summary View pane.              

5 indexes tested only the Asymmetry Index (AI) results 
were found to be significantly different between groups (p 
< 0.0287) by the Mann-Whitney U test. Using the Sign Test, 
the coefficients of variation were found to be significantly 
greater within the arthrogenous group than in the control 
group (p < 0.026), suggestive of significantly greater vari
ability. 

COTTON ROLL RIGHT POSTERIOR 

With respect to clenching on one cotton roll in the right 
posterior area the control means were significantly greater 
than those of the arthrogenous group (p < 0.0025 for all 
four muscles). See Table 3. For this condition again, only 
the Asymmetry Index was found to reveal a significant dif
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Figure 3. The EMG data of an arthrogenous TMD subject with bilateral TMJ disc displacement without reduction                
and with degenerative joint disease. There was nearly complete inhibition of the masseter muscles noted in the                  
MIP clench (Violet arrow, upper left EMG Sweep View pane). In the same pane, right cotton roll, and left cotton                     
roll, reveal increased activity on cotton roll clench. Qualitatively, further increased clench activity can be noted                 
in the marked trace on bilateral cotton rolls.         

Table 1. Comparison of resting EMG activity between subjects and control group. All four muscles and the                
summation thereof exhibited significantly higher mean values from the arthrogenous subjects. The mean              
coefficient of variation was significantly lower for the control subjects (p < 0.0127).              

Arthrogenous Group Vs Controls TA-R rest TA-L rest MM-R rest MM-L rest SUM rest 

Subject Means 2.18 1.98 2.42 1.81 8.38 

SD 1.25 1.32 1.79 0.95 3.49 

Coefficient Variation 0.58 0.67 0.74 0.52 0.42 

Mann-Whitney U p = 0.002 0.008 0.001 0.003 0.000 

Control Means 1.50 1.50 1.40 1.30 5.70 

SD 0.66 0.49 0.70 0.46 1.59 

Coefficient Variation 0.44 0.33 0.50 0.35 0.28 

ference between the larger control means and the smaller 
means of the arthrogenous group. The ACT means exhib
ited a possible trend towards significance (p = 0.0668). After 
comparing the coefficients of variation using the Sign Test, 
the arthrogenous group means were significantly more 
variable than the control group means (p < 0.013). 

COTTON ROLL LEFT POSTERIOR 

With respect to clenching on one cotton roll the left poste
rior the control means were significantly greater than those 
of the arthrogenous group (p < 0.0019 for all four muscles). 
See Table 4. For this condition again, the Asymmetry In
dex was found to reveal a significant difference between the 
larger control means and the significantly smaller means of 
the arthrogenous group (p < 0.0038). The control means in 

the ACT were also significantly larger (p < 0.0287). In ad
dition, the TORS means exhibited a trend towards a sig
nificant difference (p = 0.0901). After comparing the coef
ficients of variation using the Sign Test, the arthrogenous 
group means were significantly more variable than the con
trol group means (p < 0.026). 

BILATERAL COTTON ROLLS POSTERIOR 

With respect to clenching on bilateral posterior cotton 
rolls, the control means were significantly greater than 
those of the arthrogenous group (p < 0.0016 for all four 
muscles). See Table 5. For this condition again, the Asym
metry Index was found to reveal a significant difference be
tween the larger control means and the smaller means of 
the arthrogenous group (p < 0.0027). The control means 
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Table 2. Comparison of clenching EMG activity in the maximum intercuspation position between subjects and              
control group. The means of all four muscles as well as the Asymmetry Index of the control group exhibited                    
significantly higher values than the subject group means. The mean coefficients of variation of the muscle                 
activity and the indexes were both significantly greater for the arthrogenous group (p < 0.05). Red = Significant                   
differences.  

Arthrogenous Group Vs 
Controls 

TA-R 
clench 

TA-L 
clench 

MM-R clench MM-L clench SUM clench 

Subject Means 67 65 94 93 319 

SD 41.9 34.1 80.2 81.0 211.7 

Coefficient Variation 0.62 0.52 0.86 0.87 0.66 

Mann-Whitney U p = 0.0003 0.0009 0.00357 0.01101 0.00074 

Control Means 112 104 168 139 523 

SD 54 51 125 97 290 

Coefficient Variation 0.48 0.49 0.74 0.70 0.55 

Arthrogenous Group Vs 
Controls 

MM 
POCM (%) 

TA 
POCT 

(%) 

(RT+LM)-
(LT+RM) TORS 

(RT+RM)-(LT+LM) 
Asym Ind 

(MR+ML)-
(TR+TL) ACT 

Subject Means 70 77 1.5 2.9 54 

SD 17.1 17.8 46.5 47.4 120.0 

Coefficient Variation 0.25 0.23 31.58 16.32 2.22 

Mann-Whitney U p = 0.2946 0.2877 0.2033 0.0287 0.1736 

Control Means 72 83 -21 37 90 

SD 15.7 12.4 86.5 87.5 150.7 

Coefficient Variation 0.22 0.15 -4.16 2.39 1.68 

Table 3. Clenching with one Cotton Roll on the right side. Red p values represent significant differences, green                 
indicates a trend towards significance. The mean coefficients of variation of the muscle activity and the indexes                  
were significantly reduced (p < 0.05). Red = Significant differences. Green = Trend toward significance.                

Arthrogenous Group 
Vs Controls 

TA-R 
Cotton 
Right 

TA-L 
Cotton 
Right 

MM-R Cotton 
Right 

MM-L Cotton 
Right 

SUM Cotton 
Right 

Subject Means 63.6 50.7 90.7 86.0 291.0 

SD 35.5 25.7 65.1 67.3 173.2 

Coefficient Variation 0.56 0.51 0.72 0.78 0.60 

Mann-Whitney U p = 0.0001 0.0003 0.0012 0.0023 0.0003 

Control Means 103 82 163 131 479 

SD 45 39 108 78 237 

Coefficient Variation 0.44 0.48 0.66 0.60 0.49 

Arthrogenous Group 
Vs Controls 

TA POCT 
(%) 

MM POCM 
(%) 

(RT+LM)-
(LT+RM) TORS 

(RT+RM)-(LT+LM) 
Asym Ind 

(MR+ML)-
(TR+TL) ACT 

Subject Means 72.8 74.5 8.1 17.6 62.3 

SD 15.3 16.2 44.0 42.6 95.0 

Coefficient Variation 0.21 0.22 5.44 2.42 1.52 

Mann-Whitney U p = 0.1949 0.4443 0.1151 0.0049 0.0668 

Control Means 77.9 73.6 -11.2 52.6 108 

SD 15.66 16.2 75.6 72.3 132 

Coefficient Variation 0.20 0.22 -6.75 1.37 1.22 

in the ACT were also significantly larger (p < 0.0222). The 
larger mean of the arthrogenous group using the TORS In
dex also exhibited a trend towards a significant difference 

between groups (p = 0.0968). After comparing the coeffi
cients of variation using the Sign Test, the arthrogenous 
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Table 4. Clenching with one Cotton roll on the left side. Red p values represent significant differences, green                 
indicates a trend towards significance. The mean coefficient of variance was significantly lower for the muscle                 
activity of the controls than for the arthrogenous subjects (p < 0.026), but not for the Indexes (p = 0.0899). Red =                       
Significant differences. Green = Trend toward significance (p < 0.10).           

Arthrogenous Group 
Vs Controls 

TA-R 
Cotton 

Left 

TA-L 
Cotton 

Left 

MM-R Cotton 
Left 

MM-L Cotton Left 
SUM Cotton 

Left 

Subject Means 58.8 54.8 88.2 90.9 292.7 

SD 33.6 25.1 63.3 66.6 169.9 

Coefficient Variation 0.57 0.46 0.72 0.73 0.58 

Mann-Whitney U p = 0.0001 0.0002 0.0004 0.0019 0.0002 

Control Means 97.6 87.4 163 138 487 

SD 42.1 39.2 102 79.9 229 

Coefficient Variation 0.43 0.45 0.63 0.58 0.47 

Arthrogenous Group 
Vs Controls 

TA POCT 
(%) 

MM 
POCM (%) 

(RT+LM)-
(LT+RM) TORS 

(RT+RM)-(LT+LM) 
Asym Ind 

(MR+ML)-
(TR+TL) ACT 

Subject Means 77.7 76.2 6.7 1.3 65.4 

SD 12.8 16.0 44.5 37.5 92.3 

Coefficient Variation 0.16 0.21 6.61 29.35 1.41 

Mann-Whitney U p = 0.2981 0.2946 0.0901 0.0038 0.0287 

Control Means 81.4 76.4 -14.9 35.2 117 

SD 11.9 17.1 76.2 69.8 131 

Coefficient Variation 0.15 0.22 -5.11 1.98 1.12 

Table 5. Clenching recorded with bilateral Cotton Rolls. Red p values represent significant differences, green              
indicates a trend towards significance. The mean coefficient of variance was significantly lower for the muscle                 
activity of the controls than for the arthrogenous subjects (p < 0.0127), but not for the Indexes (p = 0.1797).                     

Arthrogenous Group 
Vs Controls 

TA-R Cotton 
Bilateral 

TA-L Cotton 
Bilateral 

MM-R Cotton 
Bilateral 

MM-L Cotton 
Bilateral 

SUM Cotton 
Bilateral 

Subject Means 61.9 56.8 96.3 96.6 311.6 

SD 34.8 27.9 64.9 70.2 179.5 

Coefficient Variation 0.56 0.49 0.67 0.73 0.58 

Mann-Whitney U p = 0.0001 0.00029 0.0004 0.0016 0.0001 

Control Means 101 90.3 148 148 514 

SD 43.2 39.1 83 83 235 

Coefficient Variation 0.43 0.43 0.56 0.56 0.46 

Arthrogenous Group 
Vs Controls 

TA POCT (%) 
MM POCM 

(%) 
(RT+LM)-

(LT+RM) TORS 
(RT+RM)-(LT+LM) 

Asym Ind 
(MR+ML)-

(TR+TL) ACT 

Subject Means 78.2 78.1 5.4 4.9 74.3 

SD 13.0 15.4 47.0 40.6 91.8 

Coefficient Variation 0.17 0.20 8.64 8.35 1.24 

Mann-Whitney U p = 0.3783 0.4841 0.0968 0.0027 0.0222 

Control Means 81 77 -16.7 38.3 132 

SD 11.8 15.9 74.3 74.9 137 

Coefficient Variation 0.15 0.21 -4.45 1.96 1.04 

group means were significantly more variable than the con
trol group means (p < 0.0128). 

ACUTE VS CHRONIC 

The Arthrogenous group was further subdivided into 2 
groups, those with relatively acute symptoms and those 
with more chronic symptoms for 6 months or longer. Com
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paring the means of the muscle activities between the rela
tively acute subjects (n = 21) and the more chronic subjects 
(n = 28) at rest did not reveal any significant differences 
(p > 0.05 for all). There was no significant difference be
tween the mean coefficients of variation of these 2 groups 
(p = 0.6547). However, the right temporalis muscle consis
tently exhibited a trend towards significance during each of 
the four clench conditions (p < 0.10). The results for the 
eight Indexes revealed no significant differences under any 
of the four conditions tested between the relatively acute 
subjects, but the Asymmetry Index exhibited a trend to
wards significance in three of the four clench conditions 
(p < 0 10). The mean coefficient of variation of the chronic 
group was significantly larger than the corresponding mean 
of the acute group (p < 0.013). 

DISCUSSION 

In a previous study correlating EMG with MRI, arthroge
nous subjects were successfully identified using EMG activ
ity.22 They concluded that “The recording of the mastica
tory muscle function through surface EMG can be a first 
diagnostic approach to patients with TMDs, reserving MRI 
assessment to selected cases.” Another study comparing 5 
subjects with 2 – 4 mm overjet to five subjects with more 
than 4 mm of overjet, found no significant differences in 
the activity, synergy and symmetry of the temporalis and 
masseter muscles.20 However, the extremely limited sam
ples may have compromised those results. 
The mean clenching values for the masseter and anterior 

temporalis muscles of the control group were consistently 
and reliably significantly larger than those of the arthroge
nous subject group consistent with previous work,23 for all 
four conditions of the Learreta Decompression Test. The 
means of the arthrogenous group were also significantly 
more variable than those of the control group. The purpose 
of the Learreta Decompression Test is to detect a com
pressed TMJ that produces a painful response as a diagnos
tic procedure, but also to aid in selecting an appropriate 
oral appliance that will effectively decompress the TMJ.8 

From these results EMG is strongly supported as an effec
tive diagnostic aid and treatment planning tool for patients 
that have arthrogenous internal derangements. 
The eight indexes calculated with the data from these 

groups are usually predicated only upon clenching in MIP, 
on appliances or on bilateral posterior cotton rolls. Only 
two of them, the ACT and the AI, exhibited significant dif
ferences between the arthrogenous group and the control 
group during any of the four clench conditions, which is 
also in agreement with previous work.23‑25 The TORS in
dex did show a trend towards significance (p < 0.10) for 
both the left posterior and the bilateral posterior cotton 
roll clenches. Although the other five indexes have previ
ously been attributed to producing significant differences 
between patients and controls,9‑11,16‑21 none of the five 
differentiated arthrogenous internal derangement subjects 
from controls under any of these four clenching conditions. 
In agreement with this study a previous study found no sig

nificant differences in TORS or POCM between arthroge
nous and myogenous TMD subjects.14 

Other authors have failed to find significant differences 
using some of these indexes, (POCM, POCT, AI, ACT, 
TORS), especially when testing only asymptomatic subjects 
that may be well adapted to any structural differences pre
sent.26,27 The developers of these indexes fully understand 
that in the absence of dysfunction these indexes should in
dicate no significant differences between clenching with or 
without the cotton rolls. However, when dysfunction is pre
sent, the MIP clenches are distorted either by malocclusion 
or due to a maxillo-mandibular mal-relationship (e.g. Class 
II or Class III). The original purpose of incorporating the 
Cotton Roll clenches into these indexes was to a) reduce the 
extent of maxillo-mandibular distortion, b) disengage the 
occlusion and b) to temporarily create a more normalized 
muscular response.28‑31 The use the cotton rolls allowed 
the test to be intra-patient only, eliminating any need to 
compare to an elusive standard of normality. 
The elevated resting activity of many TMD patients has 

been used by clinicians for decades to indicate structural 
malformations and/or malocclusions.25,32 As a minimum, 
control subjects must absolutely be verified with normal 
TMJ function and Range of Motion. Some previous pub
lications have found no significant difference in resting 
EMG activity between painful TMD subjects and pain-free 
controls.33,34 This has resulted from the exclusive use of 
pain as the discerning criterion. Pain only distinguishes the 
poorly adapted from the well adapted, not good structure 
from distorted structure, which should be the purpose of 
the EMG testing. Selecting a control group only based upon 
so-called “healthy” subjects with a lack of pain allows sub
jects with adapted structural distortions and malocclusions 
to be included as controls, weakening any comparison to 
symptomatic subjects. In dentistry as in medicine it is only 
as a last resort that a diagnosis must be based solely upon 
subjective pain reports and only when zero objective data 
are available. Accepting pain as the only useful criterion for 
all TMD has been revealed to be very limiting diagnosti
cally.35 This is one of the weaknesses of the RDC/TMD, re
named as the DC/TMD.36,37 

LIMITATIONS 

Surface EMG is not extremely precise in the sense that 
subjects never produce the same precise contraction twice. 
Consequently, the relative distribution of activity is rou
tinely more important for analysis than the absolute values. 
This is the reason that multiple indexes have been pursued 
very extensively for decades. Each index pursues different 
aspects of dysfunction, and none are usually considered as 
“TMD diagnostic indexes” by clinician users. The fact that 
only the Asymmetry Index consistently revealed significant 
differences between the arthrogenous group, and the con
trol group does not negate the value of the other seven 
indexes for the targeted factors that they are intended to 
reveal. These EMG indexes are all designed to detect struc
tural distortions, malocclusions, and/or muscle weaknesses 
that affect function rather than to diagnose any disease. 
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Historically, masticatory function has not been awarded its 
true importance with respect to overall bodily health and 
wellbeing but has gained some prominence in recent years. 
The presence of trends in two of the Indexes (TORS & 

ACT) suggests that larger sample sizes might have produced 
more significant results. However, the other 5 indexes did 
not suggest any likelihood that any significant differences 
might be found between or within these groups by increas
ing the sample size. 
The quality of the EMG data recorded was very high with 

extremely low electromagnetic noise interference present. 
Other less precise EMG systems with lower common mode 
rejection ratios (< 130 dB) may not produce comparable re
sults, especially with respect to the resting activity. Electro
magnetic noise is less of a factor during clenching, but can 
still interfere with recording precise levels, especially when 
TMD patients have weakened muscles. 

CONCLUSIONS 

When testing for TMJ compression using the Learreta De
compression Test the mean EMG values of the masseter 
and anterior temporalis muscles, the Activity Index and the 
Asymmetry Index can be useful in evaluating arthrogenous 
subjects and identifying patients that may benefit from cus
tom oral appliances. 
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