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ABSTRACT: 
Aim: Performing a literature review of  publications 
by Dr. Manfredini et al related to their TMJ 
injection therapy outcome with conclusions on 
the clinical utility of  computerized measurement 
devices used in the management of  TMD. In 
addition, reviewing their published opinion on 
an occlusion: MD vs a biopsychosocial paradigm 
for TMD. Manfredini et al authored an article 
published in JADA 2013,116 the most recent of  
12 articles.  In all studies, subjects received TMJ 
injections with an objective measurement outcome 
criterion; increased maximum mouth opening 
(MMO) and subjective symptom improvement of  
pain and chewing function.  In 2013 JADA article 
the Mandibular Kinesiograph, referred to as KG, 
measured MMO before and after therapy.  In 11 
prior articles all subject groups with limited mouth 
opening exhibited very significant increased MMO 
post-treatment, documenting treatment success 
using the same 2013 protocol.   The 2013 study 
showed a 1.1mm improved MMO, described as 

insignificant.  The authors did not critique or 
explain the aberrant, skewed 2013 outcome data 
contrasted with their prior studies’ which showed 
overwhelmingly significant increased MMO.  
Instead, concluding that the MMO recording 
device was clinically useless.  This motivated a 
literature review of  the authors’ TMD publications.
Conclusion: The publications by Manfredini et 
al, recognized proponents of  the psychosocial 
model of  TMD, including the 2013 article, 
appear to be part of  a campaign denying an 
occlusion: TMD relationship and disparaging the 
specific computerized measurement devices and 
dentists using them in the management of  their 
TMD patients using neuromuscular occlusion 
dental treatment.    

Temporomandibular disorders (TMD) 
comprise a group of  musculoskeletal disorders 
that affect alterations in the structure and/
or function of  one or more of  the following: 
temporomandibular joints (TMJ), masticatory 
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muscles, the dentition and its supporting 
structures, and the complex neuromuscular 
system attached thereto.1    

TMD is characterized by generally accepted 
signs and symptoms of  pain, muscle spasm, joint 
sounds and functional limitation.2 

Proper diagnosis of  TMD is made by the 
treating dentist and begins with obtaining a patient 
history, performing a comprehensive clinical 
examination and imaging studies when indicated. 
The diagnostic process and treatment plan are 
greatly enhanced using technologies that can 
scrutinize the anatomic and functional components 
of  the masticatory system, providing reliable and 
precise objective measurement data. 

Three computerized measurement devices, 
commonly referred to collectively as Kinesiograph, 
have been developed to record and analyze, with 
high degrees of  precision, masticatory muscle 
function (EMG), mandibular movements (CMS), 
TMJ joint vibrations (ESG), and dental occlusion 
as dynamic phenomena. According to the 
American Dental Association (ADA)’s Council on 
Scientific Affairs, these three measurement devices 
measure generally accepted signs or symptoms 
of  TMD and aid the dentist in reaching his/her 
diagnosis of  a TMD patient.3

Surface Electromyography (EMG) is a well-
accepted modality which measures the electrical 
activity of  masticatory muscles at rest and in 
function. 

According to the ADA’s Council on Scientific 
Affairs,3,4 “Surface electromyography, or EMG, is 
used in dentistry to assess the status of  the muscles 
of  mastication.5 It allows the clinician to assess 
the resting activity of  muscles and determine if  
muscle spasms are present.6,7 In particular, EMG 
instruments measure static and functional muscle 
activity, including postural hypertonicity and 
continuous muscle contraction.7 Evaluation of  
muscle activity is included among the diagnostic 
criteria for TMD as given in the ADA Council’s 
Guidelines.... Muscle spasm is included in the 
counsel’s classification system (Section 11.8.3 in 

the Appendix), and among the diagnostic criteria 
is continuous muscle contraction at rest. Surface 
electromyography is one method that can measure 
such muscle hyperactivity…. There is considerable 
agreement among both clinicians and researchers 
that masticatory muscle activity is increased 
in symptomatic patients compared to normal 
subjects, and electromyography is one tool that 
can be used to study such differences.”8 Therefore, 
EMG devices “were found to meet the [ADA] 
Council’s Guidelines for Instruments as Aids in the 
Diagnosis of  Temporomandibular Disorders.”4 

A significant body of  the scientific literature 
published in peer-reviewed journals over the past 
50 years has concluded that the TMD patient 
population has an elevated resting EMG muscle 
activity and weak or asymmetrical functional 
EMG muscle activity.9-56 Numerous studies have 
substantiated the reliability and reproducibility of  
surface electromyography in the evaluation of  the 
status of  the masticatory muscles.57-68 

Computerized Mandibular Scanner (CMS) measures 
and records in three dimensions mandibular range 
of  motion, direction, velocity and fluidity of  jaw 
movement, rest position of  the mandible and 
dental occlusion, both natural and therapeutic. 
The integration of  surface electromyography of  
masticatory muscles and electronic jaw tracking 
is a clinically useful and objective method 
of  quantifying the physical components of  
temporomandibular disorders in patients screened 
for treatment and particularly in selecting a 
therapeutic occlusal position.69-83 

Electrosonography (ESG) records and displays 
sounds/vibrations of  temporomandibular (TM) 
joints and provides spectral analysis of  the 
recorded sounds/vibrations, identifying their 
magnitude and specific frequencies produced 
by mandibular movements during mouth 
opening and closing with greater precision than 
stethoscopic auscultation.84-88 

In addition to measuring the physical and 
functional signs of  TMD, computerized jaw 
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tracking, electromyography and joint vibration 
recording devices provide objective documentation 
of  patient pretreatment status, create objective 
milestones in planning treatment and permit 
evaluation of  treatment outcomes.89-108

These three technologies are not free-standing 
diagnostic devices; they are precision objective 
measurement instruments, which aid the dentist in 
establishing a diagnosis and designing treatment. 
These devices underwent the review processes of  
the US FDA in 1997 and 1998109,110 and the ADA’s 
Council on Scientific Affairs in 1986 and 1993111,112 
and were recognized as safe and effective aids 
in the diagnosis and treatment of  patients with 
temporomandibular disorders. 

A Review of  Published Studies by 
Manfredini et. al. on the Efficacy of  the 

Kinesiograph as an Aid in the Diagnosis of  
Temporomandibular Disorders

In the study published in the April 2013 
issue of  the Journal of  the American Dental 
Association 116 Manfredini et al authors studied 
the effectiveness of  their treatment on TMD 
patients using a Kinesiograph jaw tracking device 
(Myotronics Inc. Kent, WA, USA).  Because the 
authors’ 2013 study results were contrary to the 
results of  other studies, including past studies by 
Dr. Manfredini et. al., a literature review of  the 
authors’ TMD studies that use the Kinesiograph 
was instituted.  The device referenced generically 
or specifically by its registered trade name, has 
been the subject of  at least four studies by 
Manfredini et. al.113-116

Review of  Manfredini et. al.’s 2007 
article “The Diagnostic Process for 
Temporomandibular Disorders”113 

In Manfredini et. al.’s 2007 article, 
the authors performed a literature review 
and compared various TMD diagnostic 
procedures and instruments.113 They opined 
that “It is well recognized in the literature 

that temporomandibular disorders involve the 
biopsychosocial sphere as well, with chronic pain 
and functional limitation representing possible 
sources of  interference with daily activities.  For 
this reason, a number of  psychosocial instruments 
have been proposed to assess TMD patients and 
TMD literature is [sic] plenty of  study that have 
tried to depict a personological profile typical 
of  such disorders.  Anxiety, depression and 
somatization disorders have been associated with 
TMD symptoms”.   Note that the referenced 
psychosocial instruments proposed by the authors 
are questionnaires to subjectively record the 
patient’s psychosocial state.  The article is critical 
of  the use of  EMG and jaw tracking instruments 
because “no direct relationship between pain and 
EMG levels has been well documented”.  The 
article concludes that “EMG-based instruments 
and jaw tracking devices have no place in the 
diagnostic process for temporomandibular 
disorders due to the impossibility to correlate 
instrumental signs with patients’ symptoms 
and to their poor reliability and repeatability”.  
The authors made this conclusion even though 
the American Dental Association’s Council on 
Scientific Affairs had cited extensive scientific 
publications to support their conclusion that 
Myotronics devices “measure generally accepted 
signs or symptoms of  TMD”.3    Admittedly, these 
devices do not measure pain.  Further, the authors 
state in their 2010 article that “TM disorders 
are characterized by restriction, deviation or 
deflection of  mouth opening path.”117 The 
reference provided by the authors in their 2013 
article defines the TMD/TMJ as a disorder 
characterized by “limited mandibular movement, 
spasm in the masticatory musculature and… 
clicking/popping noise in the TMJ.”2  These signs 
and symptoms of  TMD, that are defined by the 
authors themselves in their publications, can be 
effectively and accurately measured and recorded 
by Myotronics devices.  

Therefore, the conclusion of  the 
authors’ 2007 literature review that “EMG-
based instruments and jaw tracking devices 
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have no place in the diagnostic process for 
temporomandibular disorders” is contrary to the 
conclusions of  other studies, especially in view 
of  the definitions of  TMD signs and symptoms 
documented in the authors own publications.

Review of  Manfredini et. al.’s 2011 article 
“Surface electromyography of  jaw muscles and 
kinesiographic recordings: diagnostic accuracy 

for myofascial pain” 114

Never having previously published stating 
the use of  the Kinesiograph, Dr. Manfredini 
conducted a so called research with a Myotronics 
K6 device and published this 2011 negative 
article in the Journal of  Oral Rehabilitation 
(JOR).  According to the authors “Except for 
clenching parameters during clenching tasks, all 
the other outcome EMG parameters and KG 
[Kinesiograph] measures did not reach acceptable 
levels of  sensitivity and specificity”.  This study 
used the Sensitivity/Specificity argument that 
has been used by anti-instrumentation authors 
over the past 25 years to discredit the scientific 
credibility, utility and the efficacy of  physiologic 
measurement devices as aids in the diagnosis and 
treatment of  TMD.

Under the banner of  the requirement of  
high “sensitivity and specificity” for “diagnostic 
instruments”, Manfredini et al. summarily 
dismissed the scientific credibility of  measurement 
devices and concluded that because these devices 
cannot rule in/rule out TMD, they have no 
diagnostic value or clinical utility. 

Interestingly, the authors concluded that 
the measurement of  maximum mouth opening 
(MMO) with the Kinesiograph (KG) “did 
not reach acceptable levels of  sensitivity and 
specificity” and should not be performed for the 
evaluation of  TMD patients.  The authors reached 
this conclusion even though reduced MMO is a 
universally accepted sign of  TMD and Manfredini 
et al selected it as the only objective outcome 
parameter to assess the effectiveness of  their TMD 
treatment in 2013 and in all their past 11 TMD 

studies.  See the review of  the authors’ past TMD 
studies later in this article.

Sensitivity is the probability that the diagnostic 
test result can correctly identify the existence of  
the disease when the disease is present.  Specificity 
is the probability that the test result can correctly 
identify that the disease does not exist when 
the disease is not present.  A low sensitivity 
would result in false negative finding and a low 
specificity would result in a false positive finding. 
While sensitivity and specificity can be useful in their 
application to determine the effectiveness of  
certain diagnostic procedures when the disease is 
clearly defined such as tuberculosis, they are not 
appropriate criteria in evaluation of  diagnostic 
procedures when applied to multi-faceted multi-
presentational disorders, such as TMD.  Based on 
an understanding of  the complex multifaceted 
nature of  TMD, no single free standing 
instrument or device can successfully make a 
diagnosis of  every form of  TMD.  Notably, 
Myotronics, the manufacturer of  the physiologic 
monitoring devices, about which Manfredini and 
et al have written, does not claim that their device 
is a free standing diagnostic device. 

Even though the Myotronics device is not 
promoted as a free-standing TMD diagnostic 
device, a significant body of  literature published 
in peer reviewed journals over the past 50 years 
has documented the support for its efficacy as a 
valuable aid in the diagnosis of  TMD patients.3-108   

In medicine, there are many devices considered 
valuable as diagnostic aids such as radiographs 
and MRI that are not free-standing diagnostic 
devices.  Myotronics K7 device provides valuable 
objective data, which together with patient’s 
history and clinical examination findings, aid the 
treating dentist in arriving at a diagnosis, treatment 
planning, treatment monitoring and outcome 
evaluation. In spite of  its approved FDA intended 
uses and the ADA Seal of  Acceptance (when the 
Seal programs were in effect), anti-instrumentation 
authors lead by Dr. Charles Greene118-120 and Dr. 
Danielle Manfredini have used the sensitivity/
specificity argument, in publications that are often 
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referenced in other publications to discredit the use 
of  Myotronics devices.  

Review of  Manfredini et. al.’s 2012 article 
“Kinesiographic recordings of  jaw movements 
are not accurate to detect magnetic resonance-

diagnosed temporomandibular joint (TMJ) 
effusion and disk displacement: findings from 

a validation study”115

In this 2012 article, Manfredini et. al. used a 
Myotronics “jaw tracking” device to record the 
Mandibular movement of  31 TMD patients to 
diagnose joint disease i.e. disk displacement with/
without reduction and effusion of  the TM joints. 

The authors attempted to use the 
measurements of  the movement of  the jaw 
to diagnose whether the patients had joint 
effusion!! The authors’ action is not different 
than a physician using an imaging device to 
conclude that the patient has high cholesterol, 
when in fact the blood analysis of  the patient 
shows low cholesterol.  The physician would 
then use the sensitivity and specificity of  his 
arbitrarily reached diagnosis to conclude that the 
imaging device has no usefulness in the diagnosis 
of  high cholesterol!  The physician and his anti-
instrumentation colleagues then reference this 
article in their future studies in a context to 
convey that the device “does not detect clinical 
symptoms”.  That was precisely the case when 
an anti-instrumentation author published an 
article titled “Warning: Diagnostic tools proven 
to be inaccurate”, referencing this Manfredini et. 
al article.120 

In a published letter to the Editor of  
the Triple O Journal titled “Manfredini et. al.’s 
study uses Myotronics K6 device contrary to 
the device’s published indications for use”121, 
Myotronics responded: 

“1)The study design is flawed and its 
conclusions are false and misleading 
because the authors used the K6 jaw 
tracking device in a manner grossly 

contrary to the manufacturer’s published 
indications for use to reach diagnosis of  
specific classification of  the TM joint 
disease.  Myotronics, Inc. (myotronics.
com) has not promoted the use of  its 
jaw tracking devices to diagnose joint 
disease nor are we aware of  a dentist 
who uses the information obtained 
from a jaw tracking device for such 
purpose.  Indications for use are clearly 
documented in the device’s promotional 
literature and our web site.  To design 
and publish a study that is grossly 
contrary to the device’s intended use, to 
reach a conclusion regarding the clinical 
usefulness of  a device, can only be 
explained by the authors’ political agenda 
to intentionally disparage the product 
and deceptively deny its valid utility in a 
dental practice.
Incredibly, the authors compared the 
sensitivity and specificity of  their arbitrarily 
and inaccurately reached diagnosis from 
their interpretation of  jaw tracking 
measurements to the diagnosis reached 
from the MRI data obtained from the 
patients and concluded as follows: “The 
findings do not support the usefulness of  
jaw tracking devices in dental practices that 
diagnose and manage temporomandibular 
disorders”!!
2) Even if  the authors study design was 
valid, they would not have been able to 
make a meaningful scientific conclusion 
simply because the K6 instrument used 
in this study, purchased in January 1992, 
has never been calibrated.  The K6 
was announced to owners as requiring 
calibration every 3 years.  Myotronics and 
its Italian distributor have no record of  
calibration, or any type of  service since 
purchased 21 years ago.  The authors 
described the K6 as “a commercially 
available device”, even though the K6 was 
discontinued and replaced by the K7 in 
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2001.  Interestingly, lack of  calibration of  
this device is evidenced in Figure 3 of  the 
article.  When such a pattern is obtained, 
the device is nearly always in need of  
calibration or its sensor array is not placed 
symmetrically on the patient’s face.  This 
is another example of  the authors’ lack 
of  understanding of  our technology, at 
best, or intentional misuse of  our device’s 
instruction for use, at worst.
3) The authors created an imaginary and 
false performance standard and subjected 
the measurement equipment to tests based 
on their own test standard. It is no surprise 
that the authors have concluded that the 
measurement equipment has failed to meet 
the test standard!
4) The title of  Manfredini et. al’s article is 
misleading, selected to include a Myotronics 
device’s trade name, imply far reaching 
conclusions regarding the “usefulness” 
of  the device and to provide a convenient 
reference for future anti-instrumentation 
authors, evident in the references, to 
perpetuate their campaign to undermine the 
value of  diagnostic aid devices.  Again, the 
authors’ use of  the K6 device was grossly 
contrary to the device’s indications for use.
5) If  the authors’ objective was to 
undertake a legitimate study of  joint 
function, it is puzzling why our ESG 
joint vibration measurement device was 
not used. Even an ESG device can not 
classify the TMJ dysfunction in the narrow 
categories diagnosed by the authors.”

Using jaw tracking measurements to diagnose 
TM joint disease shows the authors’ lack of  
knowledge regarding the clinical utility of  a jaw 
tracking device or its manufacturer’s published and 
approved intended use. The publication of  this 
article demonstrates that the authors performed a 
blatantly flawed study, which they used to discredit 
the scientific credibility of  a measurement and 
diagnostic aid device.  

Review of  Manfredini et. al.’s 2013 
article “An assessment of  the usefulness 

of  jaw Kinesiography in monitoring 
temporomandibular disorders: correlation 

of  treatment-related kinesiographic 
and pain changes in patients receiving 
temporomandibular joint injections.”116

In this 2013 article, published in the Journal 
of  the American Dental Association (JADA), 
Manfredini et. al. used a Myotronics K6 jaw 
tracking device on a group of  temporomandibular 
disorder (TMD) patients who received a specific 
arthrocentesis treatment. Note the word 
“usefulness” inserted in the title of  this article.

The authors collected jaw motion information 
including maximum mouth opening from the 
patients before and after treatment.  Manfredini 
et. al. reported that the maximum mouth opening 
measured by the K6 after treatment did not 
increase significantly, concluding that “At the end 
of  treatment we found no correlation between the 
clinical variables and any of  the KG [K6] variables” 
and “KG [K6] is not useful in monitoring the 
disease in the clinical setting”

Supported by numerous scientific studies, 
a reduced maximum opening of  the mouth is 
universally accepted as a sign of  TMD and increase 
in maximum mouth opening after treatment is 
frequently used by investigators to assess the 
effectiveness of  the treatment.  

Because the authors’ study results were 
contrary to the results of  other published 
studies, including past studies by these 
authors,  a literature review of  the authors’ 
past arthrocentesis studies was conducted.  
The hypothesis was that if  the authors’ past 
arthrocentesis studies investigated the effect of  
the same treatment intervention as in the 2013 
JADA published study on substantially the same 
TMJ osteoarthritis patient population mix as 
the JADA study, then the earlier studies would 
have yielded the same results i.e. no significant 
increase in the maximum opening of  the mouth 
after treatment. 
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MATERIALS AND METHODS:
A comprehensive literature search in the 
National Library of  Medicine’s Pubmed data 
base (Pubmed.com) and Biomed Experts data 
base (biomedexperts.com) for each author’s past 
publications list was performed, followed by a 
search of  the authors’ identified publications 
on the use of  arthrocentesis with Hyaluronic 
Acid (HA) injections for the treatment of  
TMD patients with TMJ osteoarthritis, with 
each article authored by at least one of  the five 
2013 JADA article authors.  All publications 
identified as a result of  this search strategy were 
obtained and reviewed.  To ensure the inclusion 
of  all of  the authors’ related past studies, the 
references for the identified publications were 
also reviewed.  

Results of  the Literature Search of  the 
authors’ past Arthrocentesis studies

The search strategy yielded a total of  eleven 
very similar studies to the 2013 JADA article 
published from 2002 to 2012 on the use of  
arthrocentesis with Hyaluronic Acid (HA) 
injections for the treatment of  osteoarthritis of  
the TMJ in TMD patients, each authored by at 
least one of  the five JADA article authors.122-132 
According to the authors, their 2013 JADA 
study’s treatment protocol was the same as 
that described in their 2007 study124 and their 
earlier studies that investigated the effects of  
arthrocentesis.  The eleven studies investigated 
twenty patient groups with TMJ degenerative 
disorder/osteoarthritis as specified in the 2013 
JADA study:
n	With minor exceptions, all studies 

had the same treatment protocol i.e. 
Arthrocentesis with1 ml HA injection, 
once a week for five weeks as used in the 
2013 JADA study.

n	Pain relief  and chewing ability were 
the subjective outcome parameters and 
maximum mouth opening was the objective 
outcome parameter used for the evaluation 

of  treatment effectiveness as in the 2013 
JADA study.

n	The sex and age distribution of  the patients 
were very similar to those of  the 2013 
JADA article.

Even though the authors of  the 2013 
JADA study had recorded the maximum mouth 
opening (MMO) as well as other mandibular 
movement measurements, our review was limited 
to the study of  MMO because MMO was the 
only outcome parameter that was used in all of  
the authors’ past 11 studies.  The review of  the 
MMO in these studies provides a valid analysis 
of  the authors’ work because the JADA study 
had concluded that “No significant changes were 
described in any of  the KG [K6] variables at the 
end of  treatment”. 

Exhibit 1 lists the summary (patient population 
mix, intervention, before and after treatment MMO 
and conclusions) of  the authors’ past 11 studies in 
comparison to the 2013 JADA study.  

Table 1 lists the increase in MMO after 
treatment in millimeters and in percentages for the 
12 studies.

Table 2 shows the increase in the Maximum 
Mouth Opening (MMO) in all studies 
conducted by the authors when before 
treatment MMO showed a restriction in 
opening (MMO ≤ 37.0 mm). 

Table 3 shows the patient population mix 
(number of  patients, mean age and the ratio of  
female to the total study population) of  the JADA 
study in comparison to the patient population of  
the authors past studies when before treatment 
MMO showed a restriction in opening (MMO ≤ 
37.0 mm). 

Table 4 shows the increase in the after treatment 
MMO of  the 2013 JADA study versus the MMO 
of  the authors past studies when before treatment 
MMO showed a restriction in opening (MMO ≤ 
37.0 mm)

Table 5 shows the Z-test statistical comparison 
of  the 2013 JADA study MMO increase versus the 
MMO increases of  the authors’ past studies.
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Table 1



253

Usefulness of  Kinesiograph as an Aid in the Diagnosis of  TMD

Table 2
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Table 3
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Table 4

Table 5

Figure 1
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DISCUSSION:
The authors’ 2009 study titled “Short-term effects 
of  arthrocentesis plus viscosupplementation in the 
management of  signs and symptoms of  painful 
TMJ disc displacement with reduction. A pilot 
study” investigated the effect of  arthrocentesis 
on a patient group with the diagnosis of  disk 
displacement.128   This study was excluded from 
our review since the objective was to investigate 
the authors’ past studies on patients with TMJ 
osteoarthritis.  All other patient groups in the 
authors past studies had a diagnosis of  TMJ 
Osteoarthritis, the same as the patient group in the 
2013 JADA study.

It should be noted that the computed 
averages in Table 2 and Table 4 were based on 
arithmetic averages and were not weighted 
by sample size or stratified by gender.  The 
authors’ measured increases in maximum mouth 
opening (MMO) in their 2002 to 2013 studies 
listed in Table 1 showed considerable variation.  
The uniformity of  increases in MMO in studies 
prior to the 2013 JADA study improved when 
patient groups with before treatment MMO 
showed a restriction in opening (MMO < than 
37.00mm).  If  patient group 5 is excluded due 
to the small sample size of  this group, the 
increase in the MMO in these studies ranges 
from 3.8mm to 6.15mm.

The review of  the authors’ past studies 
(Exhibit 1 and Table 1) shows that two patient 
groups, out of  the 20 patient groups, did not 
experience an after treatment increase in their 
MMO.  The authors explained that “this was due to 
the fact that baseline range of  motion values were 
already within the range of  normality.”

Since the authors had hypothesized that 
when the baseline range of  motion is “within the 
range of  normality” a significant after treatment 
increase in MMO can not be expected, we 
selected a cut off  MMO of  37.0 mm or below 
to only include patient groups with a restriction 
in mouth opening, as in their JADA study.  A 
total of  7 of  the authors’ past studies (8 patient 
groups) had patients with mean MMO of  

37.0mm or below.  The increase in the MMO 
of  their 2013 JADA study was compared with 
those of  the 7 past studies (Table 2).  The patient 
mix (number of  patients, mean age and the 
ratio of  female to male patients) of  the 2013 
JADA study was compared with those of  the 
authors 7 past studies.  It was not possible to 
perform a statistical comparison of  the patient 
population of  the 2013 JADA study with the 
patient population of  the authors’ past studies, 
since the authors did not provide the standard 
deviation for patients’ ages in their studies.  
Nevertheless, it is evident from the comparison 
of  the range and mean of  the ages and the ratio 
of  females to the total study population (Table 
2 and Table 3), that the population of  the 2013 
JADA study was substantially similar to that of  
the 8 patient groups in Manfredini et al.’s past 
studies.  Interestingly, the mean age of  the 2013 
JADA study was 55.7 years, which is precisely 
the same as the mean age of  the 8 patient groups 
in the authors’ past studies, underscoring the 
substantial similarities of  the patient groups in 
all of  the authors’ arthrocentesis studies.  This 
is not unexpected since it is quite possible that a 
number of  2013 JADA patients had participated 

Table 6
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in several past arthrocentesis studies conducted by 
the authors. 

In summary, an objective analysis of  
Manfredini et. al.’s studies that are documented 
in Table 1, Table 2 and Table 3, shows that 
the patient populations mix and treatment 
intervention employed in the JADA 2013 study 
were substantially the same as those of  the past 
11 arthrocentesis studies that the authors had 
conducted from 2002 to 2012.  It was expected 
that the authors would have found similar results in 
their earlier studies as in the 2013 JADA study. 

The conclusions of  all 11 studies by Manfredini 
et. al. that investigated 20 patient groups were 
reviewed finding that the maximum mouth 
opening increased “significantly” and “markedly”, 
in the authors own words, in all patient groups, 
correlating with improvements in pain and chewing 
ability, when the baseline data showed a limitation 
in mouth opening (Exhibit 1 and Table 1).122-

132  Treatment related improvements in pain and 
chewing ability were reported to be coincident 
with significant increases in maximum mouth 
opening, precisely the reason why the measurement 
of  MMO was chosen by the authors as the only 
“objective outcome parameter” to assess the 
effectiveness of  the treatment in all their past 
studies. The authors must have been convinced 
of  the “usefulness” of  a measurement device in 
evaluating treatment outcome by using it over 
and over in all 11 studies over a span of  10 years. 
The measurement device used in the authors’ past 
studies was not specified. Yet, when they used 
a Myotronics K6 device in their 12th study (the 
2013 JADA study), they reportedly did not record 
a significant increase in the maximum mouth 
opening concluding that the K6 is “not useful in 
monitoring the disease in the clinical setting.”

Statistical Analysis
To assess the probability of  obtaining a 1.1 mm 
increase in the MMO after treatment (as reportedly 
measured by the authors), in view of  the authors 
previous study results of  MMO increases, the 
following statistical analysis was performed:

It is safe to assume that if  the number of  
patients in each patient group is large enough, the 
MMO increases for all the authors’ studies follow a 
normal distribution and the Central Limit Theorem 
(CTL) can be used since the patient groups come 
from virtually the same population and they are 
subjected to the same treatment protocol, as 
previously established.  Our null hypothesis was 
whether the authors’ JADA study MMO mean 
came from the same distribution of  MMO means 
as their previous studies. The statistical significance 
level was set at p < 0.05.

Only patient groups with a minimum sample 
size of  10 patients were considered, resulting in 
the exclusion of  Patient Group 5 from our analysis 
(Table 2 and Table 5). The mean of  the MMO 
increases of  the 7 patient groups with 10 or more 
patients was 4.7 mm with a standard error of  0.90 
mm.  The patient groups we used to calculate the 
parameters of  the distribution of  the means were 
not all of  the same sample size. However, the CLT 
holds for any reasonable sample size, provided the 
underlying distribution is normal.

Given a normal distribution with a mean 
of  4.7 mm and standard error of  0.90 mm, 
we conducted a two-tailed Z-test to test the 
hypothesis that the reported MMO increase 
of  Patient Group 1 (mean MMO of  1.1 mm) 
came from the same distribution. The resulting 
p-value of  the comparison of  Patient Group 1 
(JADA article) versus the distribution of  means 
of  previous studies is 0.000069. Since the p-value 
is less than 0.05, we reject the hypothesis that the 
data from Patient Group 1 came from the same 
distribution of  means as the previous studies 
(Table 5).  We conclude that the probability of  the 
authors’ obtaining an MMO increase of  1.1 mm, as 
reported in their JADA study, is 69 in one million 
or about one in 15,000.   

It should be noted that while Manfredini et 
al performed numerous statistical analyses on the 
data collected from the K6 Kinesiograph, they 
ignored the most basic element when studying the 
utility of  a precision measurement device: that the 
device be used according to the manufacturer’s 
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operating instructions.  Such instructions specify 
that the Kinesiograph be re-calibrated every 
three years.  The authors used a device that was 
manufactured in 1992, with an 18 year overdue 
re-calibration schedule. 

Comparison of  the Increase in the MMO 
of  the 2013 JADA study versus that of  the 
Manfredini et. al.’s prior 11 studies, When 

Before Treatment MMO showed a restriction 
in opening (MMO ≤ 37.0 mm)

Table 4 and Table 5 underscore the absurdity 
of  the results and conclusion of  the 2013 JADA 
article, in comparison to the MMO results 
documented in Manfredini et. al.’s prior 11 studies 
when before treatment MMO showed a restriction 
in opening (MMO ≤ 37.0 mm):

 
n	The minimum after treatment increase 

in MMO in their prior studies was 3.8 
mm, which is 342% of  the 1.1 mm MMO 
increase reportedly measured by the 
authors in their 2013 JADA study.

n	The average after treatment increase in 
MMO in their prior studies was 5.6 mm, 
which is 509% of  the 1.1 mm MMO 
increase reportedly measured by the 
authors in their JADA study.

n	The maximum after treatment increase in 
MMO in their prior studies was 11.7 mm, 
which is 1064% of  the 1.1 mm MMO 
increase reportedly measured by the 
authors in their 2013 JADA study.

n	The probability of  the authors’ 
obtaining an MMO increase of  1.1mm, 
as reported in their 2013 JADA study, is 
about one in 15,000.

Interestingly, the authors failed to explain or 
even disclose why the results of  their 2013 JADA 
study was so completely different in terms of  
improved maximum mandibular opening from 
the results of  their 11 very similar studies since 
2002 with the same treatment protocol, nearly 

the same patient sex and age distribution as in 
the past studies.  The only reference the authors 
made to their past studies was to convey that their 
JADA study had the same treatment protocol 
and outcome parameters as their past studies.  It 
is troubling why the authors did not question the 
accuracy and validity of  their 2013 JADA study 
results in light of  their past similar arthrocentesis 
studies all of  which had contrary conclusions. 

In Chapter 9 of  his 2010 book, Dr. Manfredini 
writes “there are two main reasons for individuals 
with TMD to seek treatment: The presence of  
pain and a severe limitation in mouth opening” 

133.  He adds “Thus the clinicians must focus their 
diagnostic efforts on the treatment-seeking signs 
and symptoms, i.e. pain and limited mouth opening.  
The evaluation of  mouth opening and the 
comprehensive assessment of  pain should be the 
target for all clinicians treating TMD patients….
The perfect diagnostic instrument should allow 
detecting jaw motion limitations”.  In Chapter 
26 of  the same book Manfredini et. al write that 
“arthrocentesis has been proven to be effective 
in increasing the range of  mandibular motion 
and improving patient management in patients 
with internal derangement and inflammatory-
degenerative disorders.”

These statements explain the authors’ rationale 
for measuring the maximum mouth opening in all 
of  their 11 arthrocentesis studies that investigated 
20 patient groups.

So, in spite of  the authors’ numerous past 
publications that had substantiated the “usefulness” 
of  the measurement of  maximum mouth opening 
in the diagnosis and management of  all TMD 
patients, the authors not only did not question the 
validity of  their 2013 JADA results and conclusion 
with an explanation of  why their results and 
conclusion were contrary to those of  their past 
publications, they did not even including all of  their 
pertinent publications in their 2013 JADA article’s 
reference list.

Analysis of  the 2013 JADA article’s results, 
in light of  the authors’ past publications, 
demonstrates that the 2013 JADA study was flawed 
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and from its title appears to have been conducted 
to attack the “usefulness” of  Myotronics 
manufactured diagnostic aid devices and to 
discredit the neuromuscular occlusion dentists who 
use them, rather than to support their therapeutic 
intervention as published many times before.  

A review of  publications by Dr. Manfredini et. 
al. on TMD diagnostic aid devices

To assess the objectivity of  the authors in 
performing literature reviews and studies on the 
efficacy of  physiologic measurement devices, a 
comprehensive literature search in the National 
Library of  Medicine’s Pubmed data base (Pubmed.
com) and Biomed Experts data base (biomedexperts.
com) was performed for the publications authored 
by the leading author of  the 2013 JADA study, Dr. 
D. Manfredini.  An additional search of  the thus 
selected articles was made to identify the TMD 
related publications of  this principal author.  This 
research identified 16 articles and a book published 
by Dr. Manfredini.113, 133-147 

A review of  these publications demonstrates that 
Dr. Manfredini has been publishing a series of  literature 
reviews, studies and a book since 2003 promoting 
the psychosocial model of  TMD, while attacking the 
TMD/Occlusion association and the clinicians who 
treat TMD primarily conservatively and according 
to the occlusion model of  TMD. Dr. Manfredini’s 
published articles have promoted the association 
between “psychosocial variables” of  stress, depression/
anxiety/somatization and TMD, denying the 
occlusion role as an important factor in predisposition, 
precipitation and perpetuation of  TMD.

Dr. Manfredini is the author and the editor of  
the 2010 book titled Current Concepts on TMD133 

with contributing author, Dr. Charles Greene, a 
recognized anti-instrumentation, anti-occlusion 
author and a psychosocial proponent.  On the back 
cover of  his book Dr. Manfredini states “High-
quality literature supports the abandonment of  
biomechanical and instrumental approaches to 
TMD diagnosis and management in favor of  an 
exhaustive biopsychosocial assessment.”  He adds 

“…and importantly, it seems that the view of  
TMD as occlusion-related is hard to eradicate from 
the primary practitioner community.” He implies 
that TMD/occlusion association should be purged 
from dentistry.

Dr. Manfredini’s book is dedicated to advancing 
TMD as a psychosocial disorder, and documents 
citations and excerpts from several negative articles 
reportedly regarding the lack of  efficacy of  jaw 
tracking and EMG devices in the diagnosis of  
TMD.  Dr. Manfredini is the sole author of  several 
chapters including two that are titled “Psychosocial 
Assessment” and “Introduction to TMD 
Diagnosis”.  A contributor to Dr. Manfredini’s 
book, Dr. Charles Greene, a section editor of  
JADA is also a published proponent of  the 
biopsychosocial basis of  TMD and an opponent 
of  the occlusion: TMD connection philosophy and 
computerized measurement devices. 118-120

As a recognized proponent of  the psychosocial 
model of   TMD with a long history of  Dr. 
Manfredini’s anti-instrumentation publications, it 
is evident that Dr. Manfredini did not intend to 
conduct a study nor perform a literature review 
that are supportive of  the “usefulness” of  the 
Myotronics measurement devices. 

 In their response to the 4 published letters 
sent to the JADA Editor regarding the 2013 
JADA article, Manfredini et. al called the letters 
a “collection of  old defensive arguments about 
neuromuscular dentistry”148, further reinforcing the 
fact that the authors are attacking “neuromuscular 
dentists” who perform conservative treatment of  
TMD patients based on neuromuscular occlusion 
principles using precise computerized measurement 
devices. In a broader sense, the authors are 
attacking those who believe in the occlusion model 
of  TMD by attacking the devices that many use.

Dr. Manfredini et. al.’s 2013 JADA article  
and its historical perspective related t 

o his past publications

The titles of  Dr. Manfredini et. al.’s 3 studies 
are intentionally selected to include a Myotronics 
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manufactured device with its registered trade 
name, i.e. K6 or KG (Kinesiograph) and imply or 
outright state the conclusions regarding the 
“usefulness” or “accuracy of  the” device as 
a TMD diagnostic aid.  This has provided a 
convenient reference for anti-instrumentation 
authors, including the JADA Section Editor118-120, 
to perpetuate their campaign to undermine the 
value of  the diagnostic aid devices.

In his 2012 article titled “Dental Occlusion, 
body posture and temporomandibular disorders: 
where are we now and where are we headed for”145, 
Dr. Manfredini writes: 

“The scientific communities’  
skepticism towards the potential usefulness 
of  technological devices in the TMD field 
concerns their adoption as stand-alone 
diagnostic tools to intercept purported 
occlusal and postural abnormalities that, in 
the users’ intentions, need to be corrected. 
Such a typical chain of  events, which 
characterizes some so-called philosophies 
to approach the dental profession (e.g. 
neuromuscular dentistry, dental kinesiology 
and osteopathy) is not scientifically 
sound and is a source of  unjustified over 
treatments, with subsequent huge biological 
and financial costs. 

In conclusion, there is no evidence for 
the existence of  a predictable relationship 
between occlusal and postural features, 
and it is clear that the presence of  TMD 
pain is not related with the existence of  
measurable occluso-postural abnormalities. 
Therefore, the use instruments and 
techniques aiming to measure purported 
occlusal, electromyographic, kinesiographic 
or posturographic abnormalities cannot 
be justified in the evidence-based TMD 
practice”.

These two paragraphs document Dr. 
Manfredini’s objective in discrediting Myotronics 
measurement devices as aids in the diagnosis 

of  TMD and discrediting dentists who utilize 
neuromuscular occlusion principles employing 
these diagnostic aid devices in their practice --along 
with patient examination and other instruments-- 
to diagnose and treat TMD patients conservatively 
with occlusal appliances. Dr. Manfredini asserts 
that the neuromuscular dentists (NM) are using 
devices that provide useless measurements, 
which lead to misdiagnosis, over treatment and 
unnecessary treatment. In fact NM dentists do not 
use these devices as “stand-alone” diagnostics nor 
do they use the information to “over treat” the 
patient and alter their occlusion unnecessarily with 
“subsequent huge biological and financial costs”, as 
purported by Dr. Manfredini.

Myotronics current K7 device is advertised 
as “The comprehensive Instrument for Precise 
Occlusal Evaluation” and is used by many of  the 
neuromuscular dentists who use neuromuscular 
occlusion principles and procedures in treating 
TMD patients.  Neuromuscular occlusion is a 
physiologically and objectively measured occlusion, 
incorporating relaxed masticatory muscle function 
with dental occlusion.  These clinicians use 
Myotronics instruments and other devices for 
objective evaluation of  the occlusion, jaw and 
masticatory muscle function (Figure 1).

For over twenty five years a small group 
of  dentists and psychologists, positioned in 
universities, have waged a campaign designed 
to discredit dentists who use computerized 
measurement devices in the treatment of  TMD 
and in other restorative procedures involving 
any occlusal treatment of  TMD.  They have 
waged a relentless effort in the ADA, FDA, 
in governmental agencies, professional forum 
and in the courts against dentists and devices 
manufactured by Myotronics that are used to 
record physiologic parameters relevant to TMD 
as aids in the diagnosis of  TMD, supplementing 
patient examination, history and other diagnostic 
information including imaging.

The small, well published minority in the dental 
profession, who oppose the validity of  the TMD/
Occlusion association, do so to bolster support 
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for their Biopsychosocial paradigm for their own 
purposes.  Using JADA and other respected 
journals, they promote their concepts without any 
objective measurement documentation to prove 
the veracity of  their own treatment protocols.  The 
treatment they promote consists of  providing no-
treatment while waiting for a supposed self-limiting 
disorder to resolve or their recommendation 
of  ameliorative home self-care, psychological/
psychiatric and/or pharmacological management 
of  a chronic pain state.  The Biopsychosocial 
proponents have long denied the etiological 
role of  dental occlusion in TMD.  They extend 
their denials to dentists who treat TMD through 
occlusal therapies, some of  whom use objective 
computerized measurement devices to scrutinize 
mandibular function, dental occlusion, masticatory 
muscle and temporomandibular joint function and 
specifically to the ADA recognized devices that 
are used to provide these clinically valuable and 
relevant physiological measurements.  The goal of  
this article is to inform the dental profession about 
these important issues which ultimately affect 
dentists’ Freedom of  Practice for the benefit of  
our patients.

  
CONCLUSIONS: 
Manfredini et al have conducted and published 
a long series of  studies primarily concerning 
treatment for intracapsular TMJ disorders.  They 
have broadened their scope to include denial 
of  an occlusion: TMD connection as well as 
a posture: occlusion: TMD connection.  In 
addition, they have used some of  these articles 
to deny the usefulness of  certain computerized 
measurement devices employed by dentists 
in the management of  TMD.  In their most 
recent study, their results regarding a positive 
therapeutic effect of  injection therapy into 
the TMJ’s on increasing maximum mandibular 
opening (MMO) was minimal.  This is in sharp 
contrast with the significantly larger increases in 
MMO reported in all their previous studies and 
those of  others.  Rather than scrutinizing and 
critiquing their 2013 data, they instead concluded 

that the device used to measure MMO had no 
clinical utility.  

These reviews of  the scientific literature 
substantiate that the publications of  Manfredini 
et. al. are part of  a long campaign by the authors 
to discredit an occlusion: TMD etiologic and 
therapeutic connection and to disparage the 
specific computerized measurement devices 
and denigrate the dentists who use them in the 
management of  their patients with TMDs.  As 
recognized proponents of  the biopsychosocial 
(psychosocial) model of  TMD, it is evident that 
the authors did not perform an objective study 
on the use of  diagnostic aid devices in their 2013 
article or the positive association between dental 
occlusion and TMD in all of  their publications 
for over a decade, nor did they perform a 
comprehensive review of  the scientific literature 
which includes articles demonstrating the efficacy 
of  diagnostic aid devices. 

References
1.  Cooper, B. Temporomandibular Disorders: A Position Paper of  the International 

College of  Cranio-Mandibular Orthopedics (ICCMO) J Craniomandib Pract 2011; 
29(3): 237-244.

2.  Laskin, D. Etiology of  the pain-dysfunction syndrome. JADA July 1, 1969 79(1): 
147-153.

3.  American Dental Association on Scientific Affairs. Report on Acceptance of  TMD 
Devices. ADA Council on Scientific Affairs. JADA 1996; 127(11):1615-1616.

4.  Council on Dental Materials: Instruments and Equipment: Acceptance Program 
Guidelines for Instruments as Aids in the Diagnosis of  Temporomandibular Disorders, 1991. 
Chicago: American Dental Association; 1991.

5.  Dahlstrom L: Electromyographic studies of  craniomandibular disorders: a review of  
the literature. J Oral Rehab 1989; 16:1-20.

6.  Travell JG, Simons DG: Myofascial pain and dysfunction. Baltimore: Williams & 
Wilkins 1983:169-170.

7.  Talley RL, Murphy GJ, Smith SD, Baylin MA, Haden JL: Standards for the history, 
examination, diagnosis, and treatment of  temporomandibular disorders: a position 
paper. J Craniomandib Pract 1990; 8:60-64.

8.  McCall WD Jr.: A textbook of  occlusion. Carol Stream, IL: Quintessence; 1988.
9.  Jarabak JR: An electromyographic analysis of  muscular and temporomandibular 

joint disturbances due to imbalances in occlusion. Angle Orthod 1956; 26:170-190.
10.  Perry HT: Muscular changes associated with temporomandibular joint dysfunction. 

Journal of  Am Dent Res 1957; 54:644-653.
11.  Lous L, Sheikholeslam A, Moller E: Postural activity in subjects with functional disor-

ders of  the chewing apparatus. Scand J Dent Res 1970; 78:404-410.
12.  Moller E, Sheikholeslam A, Lous L: Deliberate relaxation of  the temporal and mas-

seter muscles in subjects with functional disorders of  the chewing apparatus. Scand J 
Dent Res 1971; 79:478-482.

13.  Munro RR: Electromyography of  the masseter and anterior temporalis muscles in 
patients with atypical facial pain. Australian Dent J 1972:131-139.

14.  Moss JP, Chalmers CF: An electromyographic investigation of  patients with a normal 
jaw relationship and a class III jaw relationship. Am J Orthod 1974; 665:538-556.

15.  Yemm R: Neurophysiologic studies of  temporomandibular joint dysfunction. Oral 
Science Rev 1976; 7:31-53.

16.  Kotani H, Kawazoe Y, Hamada T, Yamata S: Quantitative electromyographic diagno-
sis of  myofascial pain dysfunction syndrome. J Prosthet Dent 1980; 43:450-456.



262

Principles of  Neuromuscular Dentistry

17.  Sheikholeslam A, Moller E, Lous L: Pain, tenderness and strength of  human mandib-
ular elevators. Scand J Dent Res 1980; 88:60-66.

18.  Sheikholeslam A, Moller E, Lous L: Postural and maximal activity in elevators of  
mandible before and after treatment of  functional disorders. Scand J Dent Res 1982; 
90:37-46.

19.  Riise C, Sheikholeslam A: The influence of  experimental interfering occlusal contacts 
on the postural activity of  the anterior temporal and masseter muscles in young adults. 
J Oral Rehabil 1982; 9:419-425.

20.  Sheikholeslam A, Riise C: Influence of  experimental interfering occlusal contacts on 
the activity of  the anterior temporal and masseter muscles during submaximal and 
maximal bite in the intercuspal position. J Oral Rehabil 1983; 10:207-214.

21.  Riise C, Sheikholeslam A: The influence of  experimental interfering occlusal contacts 
on the activity of  the anterior temporal and masseter muscles during mastication. J 
Oral Rehabil 1984; 11:325-333.

22.  Moller E, Sheikholeslam A, Lous L: Response of  elevator activity during mastication 
to treatment of  functional disorders. Scand J Dent Res 1984; 90:37-46.

23.  Keefe FJ, Dolan EA: Correlation of  pain behavior and muscle activity in patients with 
myofascial pain-dysfunction syndrome. J Craniomandib Disord Facial Oral Pain 1984; 
2:181-184.

24.  Sherman RA: Relationships between jaw pain and jaw muscle contraction level: Un-
derlying factors and treatment effectiveness. J Prosthet Dent 1985; 54(1):114-118.

25.  Naeije M, Hansson TL: Electromyographic screening of  myogenous and arthroge-
nous TMJ dysfunction patients. J Oral Rehabil 1986; 13(5):433-441.

26.  Balciunas BA, Staling LM Parente FL: Quantitative electromyographic response to 
therapy for myo-oral facial pain: a pilot study. J Prosth Dent 1987; 58(3):366-369.

27.  Burdette BH, Gale EN: The effects of  treatment on masticatory muscle activity 
and mandibular posture in myofascial pain-dysfunction patients. J Dent Res 1988; 
67(8):1126-1130.

28.  Cram JR, Klemons TM: EMG: Comparisons in craniofacial muscles following therapy 
for head and neck pain. Med Electr 1988:106- 110.

29.  Gervais RO, Fitzsimmons GW, Thomas NR: Masseter and temporalis electromyo-
graphic activity in asymptomatic, subclinical and temporomandibular joint dysfunction 
patients. J Craniomandib Pract 1989; 7:52-57.

30.  Chong-Shan S, Hui-Yun W: Postural and maximum activity in elevators during man-
dible pre- and post-occlusal split treatment of  temporomandibular joint disturbance 
syndrome. J Oral Rehabil 1989; 16:155-161.

31.  Chong-Shan S, Hui-Yun W: Value of  EMG analysis of  mandibular elevators in open 
close-  clench cycle to diagnosing TMJ disturbance syndrome. J Oral Rehabil 1989; 
16:101-107.

32.  Shi CS. Proportionality of  mean voltage of  masseter muscle to maximum bite force 
applied for diagnosing temporomandibular joint disturbance syndrome. J Prosthet Dent 
1989; 62(6):682-684.

33.  Harness DM, Donlon WC, Eversole LR: Comparison of  clinical characteristics in myogen-
ic, TMJ internal derangement and atypical facial pain patients. Clin J Pain 1990; 6(1):4-17.

34.  Choi J: A study on the effects of  maximal voluntary clenching on the tooth contact 
points and masticatory muscle activities in patients with temporomandibular disorders. 
J Craniomandib Disord Facial Oral Pain 1992; 6:41-46.

35.  Kroon G, Naeije M: Electromyographic evidence of  local muscle fatigue in a sub-
group of  patients with myogenous craniomandibular disorders. Arch Oral Biol. 1992 
Mar;37(3):215-8.

36.  Visser A, McCarroll RS, Oosting J, Naeije M: Masticatory electromyographic activity 
in healthy young adults and myogenous craniomandibular disorder patients. J Oral 
Rehabil 1994; 21(1):67-76.

37.  Abekura H, Kotani H, Tokuyama H, Hamada T: Asymmetry of  masticatory muscle 
activity during intercuspal maximal clenching in healthy subjects and subjects with 
stomatognathic dysfunction syndrome. J Oral Rehabil 1995; 22(9):699-704.

38.  Erlandson PM, Poppen R: Electromyographic biofeedback and rest position training 
of  masticatory muscles in myofascial pain-dysfunction patients. J Prosthet Dent 1998; 
62:335-338.

39.  Liu ZJ, Yamagata K, Kasahara Y, Ito G: Electromyographic examination of  jaw mus-
cles in relation to symptoms and occlusion of  patients with temporomandibular joint 
disorders. J Oral Rehabil 1999; 26(1):33-47.

40.  Pinho JC, Caldas FM, Mora MJ, Santana-Penín U: Electromyographic activity in 
patients with temporomandibular disorders. J Oral Rehabil 2000; 27(11):985-990.

41.  Ferrario V, Sforza C, Tartaglia G, Dellavia C. Immediate effect of  a stabilization splint 
on masticatory muscle activity in temporomandibular disorder patients. J Oral Rehabil. 
2002 Sep; 29(9):810-5.

42.  Alajbeg IZ, Valentic-Peruzovic M, Alajbeg I, Illes D: Influence of  occlusal stabi-
lization splint on the asymmetric activity of  masticatory muscles in patients with 
temporomandibular dysfunction. Coll Antropol 2003; 27(1):361-371.

43.  Glaros AG, Burton E: Parafunctional clenching, pain, and effort in temporomandibu-
lar disorders. J Behav Med 2004; 27(1):91-100.

44.  Pallegama RW, Ranasinghe AW, Weerasinghe VS, Sitheeque MA: Influence of  mastica-
tory muscle pain on electromyographic activities of  cervical muscles in patients with 
myogenous temporomandibular disorders. J Oral Rehabil 2004; 31(5):423-429.

45.  Bodéré C, Téa SH, Giroux-Metges MA, Woda A: Activity of  masticatory muscles in 
subjects with different orofacial pain conditions. Pain 2005; 116(1-2):33-41.

46.  da Silva MA, Issa JP, Vitti M, da Silva AM, Semprini M, Regalo SC: Electromyograph-
ical analysis of  the masseter muscle in dentulous and partially toothless patients with 
temporomandibular joint disorders. Electromyogr Clin Neurophysiol 2006; 46(5):263-268.

47.  Tosato Jde P, Caria PH: Electromyographic activity assessment of  individuals with and 
without temporomandibular disorder symptoms. J Appl Oral Sci 2007; 15(2):152-155.

48.  Ries LG, Alves MC, Bérzin F: Asymmetric activation of  temporalis, masseter, and 
sternocleidomastoid muscles in temporomandibular disorder patients. J Craniomandib 
Pract 2008; 26(1):59-64.

49.  Tartaglia GM, Moreira Rodrigues da Silva MA, Bottini S, Sforza C, Ferrario VF: 
Masticatory muscle activity during maximum voluntary clench in different research 
diagnostic criteria for temporomandibular disorders (RDC/TMD) groups. Man Ther 
2008; 13(5):434-440.

50.  Bodéré C, Woda A: Effect of  a jig on EMG activity in different orofacial pain condi-
tions. Int J Prosthodont 2008; 21(3):253-258.

51.  Tecco S, Tetè S, D’Attilio M, Perillo L, Festa F: Surface electromyographic patterns of  
masticatory, neck, and trunk muscles in temporomandibular joint dysfunction patients  
undergoing anterior repositioning splint therapy. Eur J Orthod 2008; 30(6):592-597.

52.  Santana-Mora, U, Cudeiro J, Mora-Bermudez MJ, Rilo-Pousa B, Ferreira-Pinho JC, 
Otero- Cepeda JL, Santana-Penin U: Changes in EMG activity during clenching in 
chronic pain patients with unilateral temporomandibular disorders. J Electromyography 
and Kinesiology 2009; 19(6):e543-549.

53.  Ardizone I, Celemin A, Aneiros F, del Rio J, Sanchez T, Moreno I: Electromyographic 
study of  activity of  the masseter and anterior temporalis muscles in patients with 
temporomandibular joint (TMJ) dysfunction: comparison with the clinical dysfunction 
index. Med Oral Patol Oral Cir Bucal 2010; 15(1):e14-19.

54.  Botelho AL, Silva BC, Gentil FH, Sforza C, da Silva MA: Immediate effect of  the 
resilient splint evaluated using surface electromyography in patients with TMD. J 
Craniomandib Pract 2010; 28(4):266-273.

55.  Tartaglia G, Lodetti G, Paiva G, De Felicio C, Sforza C. Surface electromyographic 
assessment of  patients with long lasting temporomandibular joint disorder pain. J 
Electromyogr Kinesiol. 2011 Aug; 21(4):659-64.

56.  Vieira e Silva C, da Silva M, Melchior Mde O, de Felício C, Sforza C, Tartaglia G. 
Treatment for TMD with occlusal splint and electromyographiccontrol: application of  
the FARC protocol in a Brazilian population. Cranio. 2012 Jul; 30(3):218-26.

57.  Hermens HJ, Boon KL, and Zilvold G: The clinical use of  surface EMG. Medica 
Physica 1986; 9:119-130. 

58.  Goldensohn E: Electromyography. In: Disorders of  the temporomandibular joint. Lazlo 
Schwartz, ed. Philadelphia/London: W.B. Saunders Co., 1966:163-176.

59.  Lloyd AJ: Surface electromyography during sustained isometric contractions. J Applied 
Physiology 1971; 30(5):713-719.

60.  Burdette BH, Gale EN: Intersession reliability of  surface electromyography. Journal of  
Dental Research, [Abstract No. 1370], Vol 66, 1987.

61.  Christensen LV: Reliability of  maximum static work efforts by the human masseter 
muscle. Am J Orthod Dentofacial Orthop 1989; 95(1):42-45.

62.  Burdette BH, Gale EN: Reliability of  surface electromyography of  the masseteric and 
anterior temporal areas. Arch Oral Biol 1990; 35(9):747-751.

63.  Ferrario VF, Sforza C: Coordinating electromyographic activity of  the human masse-
ter and temporalis anterior muscles during mastication. Eur J Oral Sci 1996; 104(5-6): 
511-517.

64.  Buxbaum J, Mylinski N, Parente FR: Surface EMG reliability using spectral analysis. J 
Oral Rehabil 1996; 23(11):771-775.

65.  Castroflorio T, Icardi K, Torsello F, Deregibus A, Debernardi C, Bracco P: Reproduc-
ibility of  surface EMG in the human masseter and anterior temporalis muscle areas. J 
Craniomandib Pract 2005; 23(2):130-137.

66.  Castroflorio T, Icardi K, Becchino B, Merlo E, Debernardi C, Bracco P,Farina D: 
Reproducibility of  surface EMG variables in isometric sub-maximal contractions of  
jaw elevator muscles. J Electromyogr Kinesiol 2006; 16(5):498-505. Epub 2005 Nov 15.

67.  Castroflorio T, Bracco P, Farina D: Surface electromyography in the assessment of  jaw 
elevator muscles. J Oral Rehabil 2008; 35(8):638-645. Epub 2008 May 9. 

68.  De Felício CM, Sidequersky FV, Tartaglia GM, Sforza C: Electromyographic standard-
ized indices in healthy Brazilian young adults and data reproducibility. J Oral Rehabil 
2009; 36(8):577-583. Epub 2009 Jun 22.

69.  Pantaleo T, Präyer-Galletti F, Pini-Prato G, Präyer-Galletti S: An electromyographic 
study in patients with myofacial pain- dysfunction syndrome, Bulletin Group. Int Rech 
sc Stomat et Odont 1983; 26:167-179.

70.  Cooper BC, Alleva M, Cooper D, Lucente FE: Myofacial pain dysfunction: analysis of  
476 patients. Laryngoscope 1986; 96:1099-1106.

71.  Nielsen I, Miller AJ: Response patterns of  craniomandibular muscles with and without 
alterations in sensory feedback. J Prosthet Dent 1988; 59(3):352-362.

72.  Mongini F, Tepia-Valenta, G, Conserva E: Habitual mastication in dysfunction: a 
computer- based analysis. J Prosthet Dent 1989; 1:484-494.

73.  Williamson EH, Hall JT, Zwemer JD: Swallowing patterns in human subjects with and 
without temporomandibular dysfunction. Am J Orthod Dentofac Orthop 1990; 98:507- 511.



263

Usefulness of  Kinesiograph as an Aid in the Diagnosis of  TMD

74.  Nielsen IL, McNeill C, Danzig W, Goldman S, Levy J, Miller AJ: Adaptation of  
craniofacial muscles in subjects with craniomandibular disorders. Am J Orthod Dentofac 
Orthop 1990; 97(1):20-34.

75.  Kuwahara T, Miyauchi S, Maruyama T: Clinical classification of  the patterns of  man-
dibular movements during mastication in subjects with TMJ disorders. Int J Prosthodont 
1992; 5(2):122-129.

76.  Cooper BC, Cooper DL: Recognizing otolaryn-gologic symptoms in patients with 
temporo-mandibular disorders. J Craniomandib Pract 1993; 11(4):260-267.

77.  Tsolka P, Fenion M, McCullock A, Preiskel H: Controlled clinical, electromyographic 
and kinesiographic assessment of  craniomandibular disorders in women. J Orofacial 
Pain 1994; 8:80-89.

78.  Kuwahara T, Bessette RW, Maruyama T: Chewing pattern analysis in TMD patients 
with unilateral and bilateral internal derangement. J Craniomandib Pract 1995; 13(3):167- 
172.

79.  Cooper BC: The role of  bioelectronic instruments in documenting and managing 
TMD. New York State Dental Journal 1995; November:48-53.

80.  Cooper BC, Kleinberg I: Examination of  a large patient population for presence 
of  symptoms and signs of  temporomandibular disorders. J Craniomandib Pract 2007; 
25(2):114-126.

81.  Cooper B, Kleinberg I. Establishment of  a temporomandibular physiological state 
with neuromuscular orthosis treatment affects reduction of  TMD symptoms in 313 
patients. J Craniomandib Practice 2008; 26: 104-15.

82.  Cooper B, Kleinberg I: Relationship of  temporomandibular disorders to muscle and 
tension-type headaches and a neuromuscular orthosis approach to treatment. J Cranio-
mandib Pract 2009 27(2):101-108.

83.  Weggen T, Schindler H, Hugger A: Effects of  myocentric vs. manual methods of  jaw 
position recording in occlusal splint therapy – a pilot study Myozentrische vs. handge-
führte Kieferrelation in der Okklusionsschienentherapie – eine Pilotstudie. Journal of  
Craniomandibular Function 2011; 3(3):177-203.

84.  Heffez L, Blaustein D: Advances in sonography of  the temporomandibular joint. Oral 
Surg Oral Med Oral Pathol 1986; 62(5):486- 495.

85.  Gay T, Bertolami CN, Donoff  RB, Keith DA, Kelly JP: The acoustical characteristics 
of  the normal and abnormal temporomandibular joint. J Oral Maxillofac Surg 1987; 
45(5): 397-407.

86.  Ishigaki S, Bessette RW, Maruyama T: A clinical study of  temporomandibular joint 
(TMJ) vibrations in TMJ dysfunction patients. J Craniomandib Pract 1993; 11(1):7-13; 
[Discussion, 14].

87.  Deng M, Long X, Dong H, Chen Y, Li X: Electrosonographic characteristics of  
sounds from temporomandibular joint disc replacement. Int J Oral Maxillofac Surg 
2006; 35(5):456-460.

88.  Deregibus A, Castroflorio T, De Giorgi I, Burzio C, Debernardi C. Diagnostic con-
cordance between MRI and electrovibratography of  the temporomandibular joint of  
subjects with disc displacement disorders. Dentomaxillofac Radiol. 2013 ;42(4):20120155.

89.  Moller E: Clinical electromyography in dentistry. Int Dent J 1969; 19:250-266.
90.  Kawazoe Y, Kotani H, Hamada T, Yamada S: Effect of  occlusal splints on the electro-

myographic activities of  masseter muscles during maximum clenching in patients with 
myofascial pain dysfunction syndrome. J Prosthet Dent l980; 43:578-580.

91.  Myslinski NR, Buxbaum JD, Parente FJ: The use of  electromyography to quantify 
muscle pain. Meth and Find Exptl Clin Pharmacol 1985; 7(10):551-556.

92.  Sheikholeslam A, Holmgren K, Riise C: A clinical and electromyographic study of  
the longterm effects of  an occlusal splint on the temporal and masseter muscles in 
patients with functional disorders and nocturnal bruxism. J Oral Rehabil 1986; 13:137-
145.

93.  Jankelson RR: Analysis of  maximal electromyographic activity of  the masseter and 
anterior temporalis muscles in myocentric and habitual centric in temporomandib-
ular joint and musculoskeletal dysfunction. In: Pathophysiology of  head and neck 
musculoskeletal disorders. Bergamini M, Präyer Galletti S, eds, Front Oral Physiol, Basel 
Karger 1990; 7:83-98.

94.  Lynn JM: Craniofacial neuromuscular dysfunction vs. function: A comparison study 
of  the condylar position and intra-articular space. In: Pathophysiology of  head and 
neck musculoskeletal disorders. Bergamini M, Präyer Galletti S, eds. Front Oral Physiol, 
Basel Karger 1990; 7:136-143.

95.  Coy RE, Flocken JE, Adib F: Musculoskeletal etiology and therapy of  craniomandibu-
lar pain and dysfunction. Cranio Clinics Intl 1991;163-173.

96.  Lynn JM, Mazzocco M: Intraoral splint therapy: muscles objectively. Funct Orthodont 
1991:11-27.

97.  Jankelson RR: Validity of  surface electromyography as the “gold standard” for 
measuring muscle postural tonicity in TMD patients. In: Anthology of  craniomandibular 
orthopedics. Vol. II, Coy R, ed. International College of  Cranio-Mandibular Orthope-
dics, Seattle WA 1992:103-125.

98.  Lynn J, Mazzocco M, Miloser S, Zullo T: Diagnosis and treatment of  craniocervical 
pain and headache based on neuromuscular parameters, Am J of  Pain Mgt 1992; 
2:(3):143-151.

99.  Hickman DM, Cramer R, Stauber WT. The effect of  four jaw relations on electromyo-
graphic activity in human masticatory muscles. Archs Oral Biol 1993; 38(3):261-264.

100.  Bracco P, Deregibus A, Piscetta R, Giaretta GA: TMJ clicking: a comparison of  clin-
ical examination, sonography, and axiography. J Craniomandib Pract 1997; 15(2):121-126.

101.  Hickman DM, Cramer R: The effect of  different condylar positions on masticatory 
muscle electromyographic activity in humans. Oral Surg Oral Med Oral Pathol Oral Radiol 
Endod 1998; 86(1):2-3.

102.  Elfving L, Helkimo M, Magnusson T: Prevalence of  different temporomandibular 
joint sounds, with emphasis on disk-displacement, in patients with temporomandibu-
lar disorders and controls. Swed Dent J 2002; 26(1): 9-19.

103.  Widmalm SE, Lee YS, McKay DC: Clinical use of  qualitative electromyography in the 
evaluation of  jaw muscle function: a practitioner’s guide. J Craniomandib Pract 2007; 25:1-11.

104.  Hugger A, Hugger S, Schindler H: Surface electromyography of  the masticatory 
muscles for application in dental practice. Current evidence and future developments. 
Int J Comput Dent 2008; 11(2):81-106.

105.  Cooper B: The role of  bioelectric instrumentation in documenting and managing 
temporomandibular disorders. J Am Dent Assoc 1996; 127:1161-1164.

106.  Cooper B: The role of  bioelectric instrumentation in the documentation of  man-
agement of  temporomandibular disorders. Oral Surg Oral Med Oral Pathol Oral Radiol 
Endod 1997; 83(1): 91-100.

107.  Ferrario V, Piancino M, Dellavia C, Castroflorio T, Sforza C, Bracco P. Quantitative 
analysis of  the variability of  unilateral chewing movements in young  adults. Cranio. 
2006 Oct;24(4):274-82.

108.  Didier H, Marchetti C, Borromeo G, Tullo V, D’amico D, Bussone G, Santoro F. 
Chronic daily headache: suggestion for the neuromuscular oral therapy. Neurol Sci. 
2011 May;32 Suppl 1:S161-4.

109.  U.S. Food and Drug Administration. Re-review of  Devices for Diagnosis and Man-
agement of  TMJ/TMD, October 20, 1997.

110.  U.S. Food and Drug Administration: Meeting of  the Dental Products Advisory Panel 
regarding the Classification of  Devices for the Diagnosis and/or Treatment of  TMJ/
TMD, August 5, 1998.

111.  ADA Council on Dental Materials, Instruments and Equipment: Seal of  Recognition, 
January 3, 1986.

112.  ADA Council on Dental Materials, Instruments and Equipment: Seal of  Acceptance, 
June 16, 1993.

113.  Manfredini D, Bucci MB, Nardini LG. The diagnostic process for temporomandibular 
disorders. Stomatologija. 2007;9(2):35-9.

114.  Manfredini D, Cocilovo F, Favero L, Ferronato G, Tonello S, Guarda-Nardini L. 
Surface electromyography of  jaw muscles and kinesiographic recordings: diagnostic 
accuracy for myofascial pain (published online ahead of  print Apr. 22, 2011). J Oral 
Rehabil 2011;38(11):791-799. doi:10.1111/j. 1365-2842.2011.02218.x.

115.  Manfredini D, Favero L, Federzoni E, Cocilovo F, Guarda- Nardini L. Kinesiographic 
recordings of  jaw movements are not accurate to detect magnetic resonance–diag-
nosed temporomandibular joint (TMJ) effusion and disk displacement: findings from 
a validation study. Oral Surg Oral Med Oral Pathol Oral Radiol 2012;114(4): 457-463.

116.  Manfredini D, Favero L, Michieli M, Salmaso L, Cocilovo F, Guarda-Nardini L. An 
assessment of  the usefulness of  jaw kinesiography in monitoring temporomandibular 
disorders. J American Dental Association (1939) 2013;144(4):397-405.

117.  Manfredini D, Piccotti F, Guarda-Nardini L. Hyaluronic Acid In the Treatment of  
TMJ Disorders: A Systematic Review of  the Literature. Cranio. 2010 Jul;28(3): 166-76.

118.  Laskin D, Greene C, Hylander L. Temporomandibular Disorders: An Evi-
denced-Based Approach to Diagnosis And Treatment. Quintessence; 2006.

119.  Gonzalez Y, Greene C, Mohl N. Technological devices in the diagnosis of  temporo-
mandibular disorders. Oral Maxillofac Surg Clin North Am. 2008 May;20(2):211-20.

120.  Greene C. Warning: TMD “Diagnostic Tools” Proven to be Inaccurate. TMJ Associa-
tion Newsletter. 2013 May,(5) 5.

121.  Adib, F. The study by Manfredini et al. used the Myotronics K6 device contrary to the 
device’s published indications for use. Oral Surg Oral Med Oral Pathol Oral Radiol. 2014 
Feb; 117 (2):256-7

122.  Guarda-Nardini L, Tito R, Staffieri A, Beltrame A. Treatment of  patients with 
arthrosis of  the temporomandibular joint by infiltration of  sodium hyaluronate: a 
preliminary study. Eur. Arch. Otorhinolaryngol. 259 (5), 2002, pp.279-284.

123.  Guarda-Nardini L, Marioni G, Masiero S. Conservative treatment of  temporomandib-
ular joint osteoarthrosis: Intra-articular injection of  sodium hyaluronate. Journal of  Oral 
Rehabilitation, 2005; 32, pp.729-734.

124.  Guarda-Nardini L, Stifano M, Brombin C, Salmaso L, Manfredini D. A one-year case 
series of  arthrocentesis with hyaluronic acid injections for temporomandibular joint 
osteoarthritis. Oral Surg Oral Med Oral Pathol Oral Radiol Endod. 2007 Jun; 103(6): 14-22.

125.  Manfredini D, Bonnini S, Arboretti R , Guarda-Nardini L. Temporomandibular joint 
osteoarthritis: an open label trial of  76 patients treated with arthrocentesis plus hyal-
uronic acid injections. Int J Oral Maxillofac Surg (2009), Aug. 38 (8), 827-34.

126.  Guarda-Nardini L , Manfredini D, Stifano M, Staffieri A,  Marioni A Intra-articular 
injection of  hyaluronic acid for temporomandibular joint osteoarthritis in elderly 
patients.  Stomatologija, Baltic Dental and Maxillofacial Journal. 11:60-65, 2009.

127.  Manfredini D, Guarda-Nardini L, Ferronato G. Single-needle temporomandibular 
joint arthrocentesis with hyaluronic acid injections. Preliminary data after a five-injec-
tion protocol. Minerva Stomatol 2009 Oct; 58(10):471-8.



264

Principles of  Neuromuscular Dentistry

128.  Guarda-Nardini L, Manfredini D, Ferronato G. Short-term effects of  arthrocentesis 
plus viscosupplementation in the management of  signs and symptoms of  painful 
TMJ disc displacement with reduction. A pilot study.  Oral Maxillofacial Surgery 2010 
Mar; 14(1) 29-34.

129.  Guarda-Nardini L, Ferronato G, Manfredini D. Two-needle vs. single-needle technique 
for TMJ arthrocentesis plus hyaluronic acid injections: a comparative trial over a six-
month follow up. International J Oral and Maxillofacial Surgery. 2011 Apr 41(4):506-13.

130.  Manfredini D, Rancitelli D, Ferronato G, Guarda-Nardini L. Arthrocentesis with or 
without additional drugs in temporomandibular joint inflammatory-degenerative 
disease: comparison of  six treatment protocols Journal of  Oral Rehabilitation; 2012 Apr 
39(4):245-51.

131.  Guarda-Nardini L, Olivo M, Ferronato G, Salmaso L, Bonnini S, Manfredini D. 
Treatment effectiveness of  arthrocentesis plus hyaluronic Acid injections in different 
age groups of  patients with temporomandibular joint osteoarthritis. J Oral Maxillofac 
Surg. 2012 Sep;70(9):2048-56.

132.  Guarda-Nardini L, Cadorin C, Frizziero A, Ferronato G, Manfredini D. Compari-
son of  2 Hyaluronic Acid Drugs for the Treatment of  Temporomandibular Joint 
Osteoarthritis.  J Oral Maxillofac Surg. 2012 Nov;70(11):2522-30. doi: 10.1016/j.
joms.2012.07.020. Epub 2012 Aug 29.

133.  Manfredini D, editor. Current concepts on temporomandibular disorders. Berlin: 
Quintessence; 2010.

134.  Manfredini D, Bandettini Di Poggio A, Romagnoli M, Dell’Osso L, Bosco M. A 
spectrum approach for the assessment of  manic-depressive symptoms accompany-
ing temporomandibular disorders. [Article in English, Italian] Minerva Stomatol. 2003 
May;52(5):231-6, 237-40.

135.  Manfredini D, Landi N, Bandettini Di Poggio A, Dell’Osso L, Bosco M. A critical 
review on the importance of  psychological factors in temporomandibular disorders. 
[Article in English, Italian] Minerva Stomatol. 2003 Jun;52(6):321-6, 327-30.

136.  Manfredini D, di Poggio AB, Romagnoli M, Dell’Osso L, Bosco M. Mood spectrum 
in patients with different painful temporomandibular disorders. Cranio. 2004 Jul; 
22(3):234-40.

137.  Landi N, Manfredini D, Tognini F, Romagnoli M, Bosco M. Quantification of  the 
relative risk of  multiple occlusal variables for muscle disorders of  the stomatognathic 
system. J Prosthet Dent. 2004 Aug; 92(2):190-5.

138.  Manfredini D, Bandettini di Poggio A, Cantini E, Dell’Osso L, Bosco M. Mood and 
anxiety psychopathology and temporomandibular disorder: a spectrum approach. J 
Oral Rehabil. 2004 Oct;31(10):933-40.

139.  Fantoni F, Salvetti G, Manfredini D, Bosco M. Current concepts on the functional 
somatic syndromes and temporomandibular disorders. Stomatologija. 2007;9(1):3-9.

140.  Orlando B, Manfredini D, Salvetti G, Bosco M. Evaluation of  the effectiveness of  
biobehavioral therapy in the treatment of  temporomandibular disorders: a literature 
review. Behav Med. 2007 Fall; 33(3):101-18.

141.  Nifosì F, Violato E, Pavan C, Sifari L, Novello G, Guarda Nardini L, Manfredini D, 
Semenzin M, Pavan L, Marini M. Psychopathology and clinical features in an Italian 
sample of  patients with myofascial and temporomandibular joint pain: preliminary 
data. Int J Psychiatry Med. 2007; 37(3):283-300.

142.  Manfredini D, Marini M, Pavan C, Pavan L, Guarda-Nardini L. Psychosocial profiles 
of  painful TMD patients. J Oral Rehabil. 2009 Mar;36(3):193-8. doi: 10.1111/j.1365-
2842.2008.01926.x.

143.  Manfredini D, Peretta R, Guarda-Nardini L, Ferronato G. Predictive value of  com-
bined clinically diagnosed bruxism and occlusal features for TMJ pain. Cranio. 2010 
Apr; 28(2):105-13.

144.  Manfredini D, Winocur E, Ahlberg J, Guarda-Nardini L, Lobbezoo F. Psycho-
social impairment in temporomandibular disorders patients. RDC/TMD axis II 
findings from a multicentre study. J Dent. 2010 Oct;38(10):765-72. doi: 10.1016/j.
jdent.2010.06.007. Epub 2010 Jun 25.

145.  Castroflorio T, Perinetti G, Guarda-Nardini L. Dental occlusion, body posture and 
temporomandibular disorders: where we are now and where we are heading for. J Oral 
Rehabil. 2012 Jun; 39(6):463-71. doi: 10.1111/j.1365-2842.2012.02291.x. Epub 2012 
Mar 21.

146.  Guarda-Nardini L, Pavan C, Arveda N, Ferronato G, Manfredini D.  Psychometric 
features of  temporomandibular disorders patients in relation to pain diffusion, 
location, intensity and duration. J Oral Rehabil. 2012 Oct; 39(10):737-43. doi: 
10.1111/j.1365-2842.2012.02320.x. Epub 2012 May 26.

147.  Manfredini D, Favero L, Del Giudice A, Masiero S, Stellini E, Guarda-Nardini L. Axis 
II psychosocial findings predict effectiveness of  TMJ hyaluronic acid injections. Int 
J Oral Maxillofac Surg. 2013 Mar; 42(3):364-8. doi: 10.1016/j.ijom.2012.10.033. Epub 
2012 Nov 30.

148.  Manfredini D. Authors Response to Letter to Editors. JADA Sept, 2013 144(9): 
984-988.




