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Abstract
Background: The mouth- opening muscular performance in patients with temporo-
mandibular disorders (TMDs) is unclear. Understanding the impairments of this muscle 
group within specific TMDs is important to develop proper management strategies.
Objective: To characterise the mouth- opening muscular performance in adults with 
and without TMDs.
Methods: PubMed, EMBASE, CINAHL, Scopus, Web of Science and Cochrane da-
tabases were searched from inception to 12 November 2020. Bibliographies were 
searched for additional articles, including grey literature. Case- control, cross- sectional 
and interventional studies reporting mouth- opening muscular strength and/or endur-
ance were included. Risk of bias was assessed by the SIGN checklist for case- control 
studies and by the NIH quality assessment tool for cross- sectional studies. Results 
were pooled with a random- effects model. Confidence in cumulative evidence was 
determined by means of the GRADE guidelines.
Results: Fourteen studies were included; most were rated as having a moderate risk 
of bias. Only three studies assessed patients with TMDs and the other 11 assessed 
healthy adults. Significant sex differences in muscular performance were found for 
healthy adults in the review (strength deficit for females versus males). There was a 
significant reduction in maximal mouth opening performance (strength and endur-
ance) in the three studies that assessed patients with temporomandibular disorders.
Conclusion: Sex plays a significant role in maximal mouth opening strength. There is a 
lack of reliable data on the normal mouth- opening strength and endurance of healthy 
adults as well as for patients with TMDs.
Implications: Lack of reliable TMDs patient data and comparable healthy adult data 
highlight future direction for research.
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1  |  INTRODUC TION

The masticatory muscles are divided into two main categories ac-
cording to their functions of mouth openers or mouth closers.1 The 
mouth closers are the masseter, temporalis and medial pterygoid 
muscles which work against gravity and are more dominant and 
stronger than the mouth openers.1 They are, therefore, consid-
ered as one of the most common sites of pain in the masticatory 
system.1 The mouth closers are also closely involved in both awake 
and sleep bruxism (masticatory muscle activity during sleep or 
wakefulness).2 The main opener muscle of the mouth is the lateral 
pterygoid muscle, which also contributes to protrusion and lateral 
deviation of the mandible, both of which are movements required 
for normal mastication.3 The other mouth opening synergists are 
the supra-  and infra- hyoid muscles, which are also involved in dif-
ferent oromotor functions, such as tongue stability, swallowing and 
speech.1 There are four suprahyoid muscles on each side of the 
mouth, the stylohyoid, digastric, mylohyoid, and geniohyoid, and 
two infrahyoid muscles on each side of the anterior neck, the ster-
nohyoid and omohyoid.

The muscular performance of the mouth closers has been in-
tensively researched in both healthy controls and patients with 
temporomandibular disorders (TMDs).4- 7 In contrast, comparable 
knowledge on mouth openers is very limited. A recent systematic 
review and meta- analysis which assessed the muscular function 
of patients with TMDs observed that no study that measured the 
function of the mouth openers had been included compared to 
22 studies that evaluated the function of the mouth closers.8 The 
most widely researched population among the few available stud-
ies that did assess the muscular performance of the mouth open-
ers comprised healthy elderly individuals from Japan.9- 11 One of the 
main reasons given for under- researching the mouth openers is that 
activation of the mouth opening muscles is not required for the ini-
tial phase of functional mouth opening but rather relaxation of the 
mouth closers.1 This argument is mainly valid for the initial phase of 
mouth opening but not for common masticatory muscle functions, 
such as yawning, or even gum chewing that requires muscular ac-
tivation of the mouth openers.12 Furthermore, given that patients 
with TMDs are very likely to present with over- activity of the mouth 
closers,2 it could be hypothesised that their mouth openers are also 
required to be active during the initial phase of mouth opening in 
order to overcome the actions of the closers. It is also very likely 
that, similar to other regions of the human body, the relationship 
between the muscular agonist- antagonist is a relevant factor in reha-
bilitation of the associated musculoskeletal disorders.13,14

The aim of this review was to systematically evaluate the cur-
rently existing evidence on the muscular performance of the mouth 
openers in patients with TMDs. The research questions were as 
follows:

1. What is the normal range of human mouth- opening muscular 
performance (strength and endurance)?

2. Are there standardised, valid and reliable tests to measure mouth- 
opening muscular performance (strength and endurance)?

3. Is mouth- opening muscular performance (strength and endur-
ance) impaired in patients with TMDs compared to healthy 
controls?

2  |  METHODS

A review protocol was developed according to the Preferred Reporting 
Items for Systematic Reviews and Meta- analyses (PRISMA)15 and 
registered with Prospero prior to initiating this systematic review 
(Registration date: Dec 15, 2020, CRD42020220878).16

2.1  |  Identification and selection of studies

PubMed (MEDLINE), EMBASE, CINAHL, Web of Science, Scopus 
and Cochrane Central databases were searched by one reviewer 
(TG) to identify potentially relevant articles. The search strategy and 
number of identified studies for each database are listed in Table 1. 
Reference lists from the included studies were also scanned to iden-
tify additional relevant studies. No restriction was placed on pub-
lication date. Studies identified by the search were transferred to 
Endnote X9 (Clarivate Analytics) and duplicates were removed. The 
remaining studies were then uploaded into Covidence systematic re-
view software (Veritas Health Innovation) where two independent 
reviewers (TG and AEP) screened the titles and abstracts to identify 
potentially eligible articles. The full texts of the remaining studies 
were retrieved for further assessment and were included/excluded 
according to the eligibility criteria (Figure 1). Reasons for exclusions 
during full- text screening were recorded for future reference. All 
stages of the screening and assessment were performed indepen-
dently by the two reviewers, and meetings were held periodically to 
compare and discuss decisions. In the case of disagreement, a third 
review member was consulted (LP).

2.2  |  Outcome measures

The main outcome measure of this study was muscular performance 
during mouth opening which included maximal muscle strength 
and muscle endurance. The secondary outcome measure was mus-
cular performance during mandibular protrusion (a component of 
full mouth opening) which included maximal muscle strength and 
endurance.

2.3  |  Data extraction

Following inclusion into this analysis, data were extracted from 
each study by means of a standardised form, which had been 



478  |    GREENBAUM Et Al.

developed and agreed upon by the review team (see Appendix 1). 
The information extracted from each study included: (a) study 
characteristics (design, sample size, recruitment methods, inclu-
sion/exclusion criteria), (b) participant characteristics (age, sex, 

TMDs and other related oro- facial dysfunctions), (c) diagnostic 
methods (tools/criteria used to diagnose and classify TMDs and 
other related oro- facial dysfunctions) and (d) study outcome 
measures (measurement tools and testing procedures). Missing 

TA B L E  1  Search strategy (all databases); date of all searches: Nov. 11, 2020

Database Search strategy
Number of 
identified record

Embase (‘mouth opening’ OR ‘jaw opening’ OR suprahyoid* OR ‘supra hyoid*’) 
AND (strength OR force$ OR power OR endurance)

694

MEDLINE (("mouth opening" or "jaw opening" or suprahyoid* or ‘supra hyoid*’) and 
(strength or force? or power or endurance)).mp.

500

CINHAL ("mouth opening" OR "jaw opening" OR suprahyoid* OR "supra hyoid*") 
AND (strength OR force# OR power OR endurance)

127

Web of Science Search Strategy: ("mouth opening" OR "jaw opening" OR suprahyoid* OR 
"supra hyoid*") AND (strength OR force? OR power OR endurance)

653

Scopus Search Strategy: TITLE- ABS- KEY ("mouth opening" OR "jaw opening" OR 
suprahyoid* OR "supra hyoid*") AND TITLE- ABS- KEY (strength OR 
force OR power OR endurance)

431

Cochrane CENTRAL Search Strategy: ("mouth opening" OR "jaw opening" OR suprahyoid* OR 
‘supra hyoid*’) AND (strength OR force? OR power OR endurance)

101

Total 2506

Total after removing duplicates 1051

F I G U R E  1  Eligibility criteria for 
systematic review

Participants 

Inclusion criteria: 

Age: 18-65 years of age 
TMD: patients with persistent TMD (lasting ≥ 3 months) as primary 
complaint 
Healthy: without relevant medical condition 
Exclusion criteria: 

Age: ≤ 18 and ≥65 years of age  
Animal studies 

Outcome 

measures 

Inclusion criteria: 

Any digital or analogical measurement of mouth-opening muscular 
strength, force, power or endurance  

Exclusion criteria: 

Assessment of mouth closers 
Manual muscle testing  
Mouth opening range of motion 

Study 

design 

Inclusion criteria: 

Observational and interventional studies, studies containing baseline 
data for ≥ 1 outcome measure (muscular strength, power, force or 
endurance) of adult patients with any medical condition or healthy 
controls 

Exclusion criteria: 

Reviews, single case, cadaver, animal  
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or unclear data were annotated as “not specified” or “unsure”, 
respectively, and the authors of those publications were con-
tacted for clarification. Data collection was performed indepen-
dently by two reviewers (TG and AEP). Any disagreements were 
resolved through consultation with a third review member (LP) 
and the outcome was documented. All forms were stored for fu-
ture reference. Results for each relevant outcome measure were 
extracted by one reviewer (TG) and recorded directly into a pro-
tected file.

2.4  |  Risk of bias assessment

The risk of bias for each eligible study was evaluated indepen-
dently by two reviewers (TG and AEP) using two different quality 
assessment tools. The SIGN checklist17 was used for case- control 
studies and for interventional studies which included cases and 
controls (Appendix 2). The NIH quality assessment tool18 was 
used for cross- sectional studies and for interventional studies 
which included only one homogeneous group (Appendix 3). The 
main domains of both quality assessment tools explored (a) sam-
ple selection and characteristics, (b) assessor blinding, (c) validity, 
reliability, and standardisation of outcome measures, (d) con-
founders and (e) statistical methods. Prior to their implementa-
tion, the SIGN and NIH checklist items were discussed by two 
reviewers (TG and AE) and underwent a pilot assessment to en-
sure consistency in marking. Each reviewer completed the SIGN/
NIH checklist for the included studies and determined an overall 
risk of bias rating of low (score of 9– 12 methodological points), 
moderate (score of 5– 8 methodological points), or high (score of 
0– 4 methodological points). Intra- rater agreement was calculated 
with Cohen's Kappa. Any disagreement was resolved through dis-
cussion with a third review member (LP). The authors of the pub-
lications were contacted for clarification in the case of unclear or 
missing information.

2.5  |  Data analysis

The outcome measure data were compared between studies to es-
tablish patterns within and/or between the patient populations and 
control groups. A meta- analysis was planned to be performed using 
primary outcome measures where there were ≥5 studies with (a) low 
to moderate risk of bias and (b) similar assessment and measurement 
techniques. Results for eligible studies were pooled using Review 
Manager via a random effects model. Mean differences and stand-
ard mean differences were used to determine differences between 
subgroups, with 95% confidence intervals (CIs) and heterogeneity 
calculated by means of Cochran's Q test.15 Studies with high risk of 
bias, heterogenous assessment procedures or incomplete statistical 
reporting (e.g. absence of standard deviation [SD] values) were not 
included in this meta- analysis.

2.5.1  |  Confidence in cumulative evidence

The confidence in cumulative evidence was assessed for each out-
come according to GRADE guidelines.19- 26 Each outcome was given 
an overall confidence level of “high”, “moderate”, “low” or “very low”, 
taking into consideration factors, such as risk of bias, consistency of 
results, effect size and sample size.

3  |  RESULTS

3.1  |  Study selection

The progression of studies through the review process is demon-
strated in Figure 2.

The database search identified 2506 studies, of which 1455 
were duplicates. Following screening of titles, abstracts and full 
texts, 14 studies met the eligibility criteria and were included in this 

F I G U R E  2  PRISMA flowchart of 
included and excluded studies
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review. The list of full text excluded and the reason for exclusion is 
shown in Table 2.

3.2  |  Study characteristics

The characteristics of each eligible study are shown in Table 3. 
Twelve of the fourteen studies were observational (8 cross- sectional, 
3 case- control and 1 reliability) and two were interventional (one ran-
domised control trial and two clinical trials). The most frequently used 
outcome measure was maximal mouth opening strength (12 studies), 
and only two studies measured muscular endurance.27,28 Three stud-
ies used the same measurement device and similar testing procedure 
(jaw- opening sthenometer by Livert),9,29,30 two other studies used 
similar devices31,32 and the remaining nine studies used a specific ad- 
hoc unique measurement device with different testing procedures.

3.3  |  Participants

A total of 1867 adults were included across the 14 studies (mean 
age = 39.8 ± 12.0 years). All studies included data on sex which 
could be pooled, and they yielded 1122 females (60%) and 755 males 
(40%). The combined study participants were divided into two main 
subgroups according to their health condition: 1651 healthy controls 
(mean age = 39.8 ± 12; 57% females) and 216 patients with TMDs 
(mean age = 37.6 ± 11.6; 83% females).

3.4  |  Outcomes

The studies which evaluated each of the two subgroups are shown 
in Table 4. Eleven of the fourteen included studies evaluated the 
mouth opening performance of healthy controls and three of pa-
tients with TMDs (two compared to controls and one with TMDs 
only).

3.5  |  Risk of bias

Assessment of the risk of bias of each study included in this systematic 
review is summarised in Table 5a for cross- sectional or similar study 

TA B L E  2  list of full text excluded and the reason for exclusion

Study Reason for exclusion

Nakamura, 201938 Language (Japanese)

Slater, 200939 Population (Cadaver)

Peck, 200036 Outcome measure

Mimura, 198937 Language (Japanese)

Lida, 201440 Abstract only

Rodriguez, 201541 Outcome measure

Pal, 201142 Outcome measure

Chen, 200043 Outcome measure

Ikebe, 200844 Outcome measure

Namiki, 202045 Abstract only

Hara, 201945 Abstract only

Bolt, 198646 Abstract only

Manda, 201647 Outcome measure

Bakker, 199548 Outcome measure

Nagashima, 199749 Outcome measure

Hansdottir, 200450 Outcome measure

Stefanie, 201051 Abstract only

Johansson, 201452 Outcome measure

Takanobu, 200153 Outcome measure

Madani 202054 Outcome measure

Nitzan, 199755 Outcome measure

Abbink, 199856 Outcome measure

De Felicio, 200757 Language 
(Portuguese)

Clark, 199158 Outcome measure

Koc 201259 Outcome measure

Lin, 201060 Outcome measure

Kilinc, 201561 Outcome measure

Williams, 198862 Outcome measure

Suenaga, 200063 Outcome measure

Kameda, 202064 Outcome measure

Tuijt, 201065 Population (not 
described)

Wakasugi, 201740 Population (Age)

Van, 199066 Population (Age)

Ishida, 201567 Outcome measure

Ma, 201368 Outcome measure

Uchida, 199969 Outcome measure

Osborn, 199570 Outcome measure

Gelb, 198471 Abstract only

Beom, 201572 Population

Yoshida, 200673 Language (Japanese)

Hara, 201874 Language (Japanese)

Lequeux, 200575 Outcome measure

Oh, 202076 Outcome measure

Peck, 200277 Outcome measure

(Continues)

Study Reason for exclusion

Chandran, 201278 Abstract only

Machida, 201711 Population (Age)

Hara, 20189 Population (Age)

Yuka, 202030 Population (Age)

Yoshida, 201979 Population (Age)

Yoshimi, 20189 Population (Age)

Kajisa, 201810 Population (Age)

TA B L E  2  (Continued)
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designs and in Table 5b for case- control or similar study designs. Only 
one study29 was found to have a low risk of bias and nine studies were 
scored as having a moderate risk of bias. This rating correlated with 
most of the SIGN17/NIH18 Quality Assessment Tool checklist criteria 
having been met, with some flaws in the study resulting in an associ-
ated risk of bias. Several studies lacked blinding of the assessors, justi-
fication of the sample size and/or reliability of the outcome measure. 
The main confounders included age, body mass index and sex and of 

the participants. Four studies28,31- 33 were rated as being at high risk of 
bias, meaning that either most of the SIGN/NIH Quality Assessment 
checklist criteria were not met and/or there were significant flaws re-
lated to key aspects of the study design. This rating correlated with 
most of the SIGN/ NIH Quality Assessment Tool checklist criteria not 
having been met, with significant flaws in the study methodology, re-
sulting in an associated risk of bias. The reliability of risk of bias rating 
between reviewers was excellent (κ = 0.91).

TA B L E  4  Main findings of included studies

Population Study Main findings Risk for bias

Healthy Brunton, 2018 Men had greater maximum opening force median values than women; 
Maximal mouth opening strength: Men 8 ± 6.6 kg; Women 4.2 ± 3.1

Moderate

Curtis, 2019 Age and sex significantly influenced the mouth opening maximal force; 
Maximal mouth opening strength: Male 24.9 ± 4.5; Female 14.7 ± 3.2

Moderate

Hara, 2018 Sex significantly influenced the maximal mouth opening strength (Male 
>Female); Maximal mouth opening strength: Male 7.2 ± 2.3; Female 
4.3 ± 1.7

Moderate

Koyama, 2005 There was a significant gender difference in the average maximum mouth 
opening force. There was an extremely high correlation between first and 
second measurements (r = 0.969). Maximal mouth opening strength: Men 
24.3 ± 1.3; Women 16.4 ± 1.2

Moderate

Lida, 2013 Sex significantly influenced the maximal mouth opening strength 
(Male > Female); Maximal mouth opening strength: Male 9.7 ± 2.8; 
Female 5.9 ± 1.6 kg Male 9.7 ± 2.8; Female 5.9 ± 1.6 kg

Low

Ogawa, 2020 Maximal mouth opening strength: Group 1 (pre- intervention) = 8.7(1.9); 
Group 2 (pre- internevtion) = 8.6(1.5)

Moderate

Ratnayake, 2020 Maximal mouth opening strength: TMD free 4.8 ± 0.15; Moderate

Sharkey,1984 Male were significantly stronger than female; Maximun maximal mouth- 
opening force accured in the mid- range Maximal mouth opening 
strength:Men 13.8 ± 6.1; Women 9.1 ± 2.0

Moderate

Takuro, 2018 Men were significantly stronger than women; Maximal mouth opening 
strength: Men 9.2 ± 2.8; Women 6 ± 2.3

High

Watanabe,1991 The theoretical maximal mouth opening strength was 32.55 ± 4.98 High

Watanabe, 2001 The theoretical maximal mouth opening strength was 36.62 ± 9.42 High

Wänman, 2012 Mean time to stop the jaw opening- closing endurance task: Controls 
278 ± 59 (seconds)

High

Xu, 2020 The median of maximal mouth opening strength was higher in males (5.5) 
than females (3.4) (p < 0.05), but the maximal mouth opening strength 
were not associated with age, height and weight. Maximal mouth opening 
strength: Male 5.5; Female 3.4; No SD values provided

Moderate

TMD’s Häggman- Henrikson, 
2018

The "general pain" TMD (according to DC/TMD) group had lower endurance 
than the "local pain" TMD group (DC/TMD) in both jaw opening and 
protrusions. No accurate numbers are described but rather only box plots

Moderate

Ratnayake, 2020 With all five measurements used, this ICC was 0.996 (95% CI: 0.994 to 
0.997), indicating extremely high reliability; TMD- free participants had 
greater jaw- opening forces than TMD patients (diagnosed according to 
DC- TMD) both without and with adjustments for age, sex, height, and 
weight; No significant difference between TMD subgroups. Maximal 
mouth opening strength: TMD patients 1.8 ± 0.16; TMD free 4.8 ± 0.15

Moderate

Wänman, 2012 Significant lower endurance was found for TMD’s (diagnosed according 
to DC- TMD) compared to healthy controls. Mean time to stop the jaw 
opening- closing endurance task: TMD’s 118 ± 96 (seconds); Controls 
278 ± 59

High
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3.6  |  Main findings

A summary of the findings for each included study is provided in 
Table 4.

3.6.1  |  Healthy subjects

Thirteen studies assessed the muscular performance of mouth 
opening among healthy participants (age ≤65 years; n = 1651; 941 
females and 710 males). Only three of those studies used a similar 
measurement device and procedure, and therefore were not appro-
priate for inclusion in a meta- analysis. All thirteen studies assessed 
maximal mouth opening strength, and only one study also measured 
maximal jaw protrusion strength while none assessed mouth open-
ing endurance. Ten studies that included both males and females 
found significant sex differences (males more than females), while 
the other three studies included only males. The maximal mouth 
opening strength ranged between 7.2 and 36.6 kg for males and 3.4 
and 16.4 kg for females. Nine of the thirteen studies were scored as 
having a moderate risk of bias, three with a high risk of bias and only 
one29 with a low risk of bias.

3.6.2  |  TMDs

Three studies assessed the muscular performance of mouth opening 
among patients with TMDs (n = 216; 160 females and 74 males). All 
three used the updated Diagnostic Criteria for Temporomandibular 
Disorders as the main inclusion criterion.28 One study included only 
patients with pain- related TMD,29 and the other two included pa-
tients with pain- related TMDs and/or intra- articular TMDs.30,31 
Each study used different measurement devices and protocols. 
Two studies measured mouth opening endurance29,30 and the other 
one determined maximal mouth opening strength as an outcome 
measure.31 Two studies compared the muscular performance of pa-
tients with pain- related and/or intra- articular TMDs to healthy con-
trols,30,31 and one study compared the muscular performance of two 
different pain- related TMDs subgroups.29 Significant reductions of 
muscular performance were found among patients with TMDs com-
pared to healthy controls, with no difference between TMD sub-
groups.30,31 Patients with TMD- related pain who presented with 
“general pain” demonstrated lower endurance compared to those 
without “general pain”.29

3.7  |  Confidence in cumulative evidence

Based upon the GRADE guidelines,22 there is only low- quality evi-
dence to support the findings of mouth opening strength among 
healthy adults due to the high variability of findings, the different 
measurement devices and procedures and the lack of reliability and 
validity. Importantly, there is only very low quality of evidence to 

support the findings for patients with TMDs due to a very low num-
ber of relevant studies, together with the use of different measure-
ment devices and procedures.

4  |  DISCUSSION

This is the first systematic review to comprehensively examine 
human mouth opener muscle performance. The findings suggest 
that the parameters of sex and age influence maximal mouth open-
ing strength in healthy population, with large gaps and limitations in 
the reliability and accuracy of these findings. A very small volume of 
evidence was found for patients with TMDs. Unlike the availability 
of information on mouth closer muscles, the evidence regarding the 
muscular endurance of the mouth opener muscles for both healthy 
and patient populations is extremely limited.

4.1  |  Healthy adults

As expected, the largest volumes of evidence of mouth opener 
muscular performance applied to healthy adults who provided the 
reference data of normal muscular function to which other groups 
of patients could be compared. However, these data are extremely 
limited for several reasons, and therefore should be viewed with 
caution. First, out of the 13 included studies, only one was rated as 
having a low risk of bias29 while three31- 33 were rated as having a 
high risk and the other nine as having a moderate risk. Second, the 
variability of maximal mouth opening strength ranged between 
7.2 and 36.6 kg for males (average = 29.4 kg) and 3.4 and 16.4 kg 
for females (average = 13 kg). Such large ranges cannot serve as a 
reliable and clinically meaningful reference to which the muscular 
strength of patient groups can be compared. The main reason for 
this high variability of findings across studies is comparable to the 
reason which prevented the results of 13 studies to be calculated 
as a meta- analysis, specifically, the lack of a similar measurement 
tool and assessment procedure. Ten different measurement de-
vices were used in those 13 studies, and most of them had differ-
ent testing protocols. Additionally, only two studies reported the 
inter-  and intra- examiner reliability of their tests as required in 
such a unique assessment of a relatively under- researched muscle 
group. After considering these important methodological weak-
nesses, a very large strength difference is presented in this review 
between the sexes. This relatively large strength difference deficit 
of females versus males is not surprising as it is also present in 
other muscle groups, such as the grip muscles of the hand and the 
flexors of the neck.34,35

It is also important to note that none of the included 13 studies 
that assessed healthy adults did not evaluate any aspect of muscu-
lar endurance of the mouth openers. These data are especially im-
portant for the evaluation of muscular impairment. Other important 
missing reference data are the performance of the jaw protrusion 
muscles, which comprise an integral part of the mouth openers,1 and 
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none of the included studies assessed either their maximal strength 
or endurance.

4.2  |  TMDs

Only three studies that assessed the mouth- opening muscular 
performance of patients with TMDs were included in this sys-
tematic review. This currently available volume of evidence is 
extremely low for reliable evaluation of the function of this mus-
cle group in TMDs compared to controls. Furthermore, several 
important limitations were found within this already small vol-
ume of relevant evidence. Only one of the three included studies 
evaluated the maximal mouth opening strength of patients with 
TMDs31 while the other two assessed muscular endurance.29,30 
Although Ratnayake et al31 assessed the reliability of their meas-
urement between repeated attempts during the same session, 
the required test- retest for intra-  and inter- tester reliability was 

not performed,33 and the results should, therefore, be taken with 
extra caution. The same methodology for evaluating the reliability 
of measurement was not performed in the other two studies that 
evaluated the muscular endurance of patients with TMDs.29,30 
Finally, none of the studies in this category evaluated the maximal 
strength of the jaw protrusion muscles which comprise an impor-
tant component for the physiological mouth opening function.1 
Based upon the small volume and methodological limitations of 
evaluating the mouth opening muscular performance of patients 
with TMDs, the current data cannot serve as a valid reference for 
functional impairments in this population.

4.3  |  Limitations

The limitations of this study were primarily due to the relatively 
small volume of available literature. Only fourteen studies met the 
eligibility criteria of this review, and no homogenic group was found 

TA B L E  5  (a) Risk of bias assessment of cross- sectional studies according to the NIH quality assessment tool. (b) Risk of bias assessment 
of case- control studies according to the SIGN quality assessment tool

(a)

Study Design
Focused 
question

Comparable 
populations

Same 
exclusion 
criteria

Comparison 
participants/ 
non- participants

Cases are clearly 
defined and 
differentiated 
from controls

It is clearly 
established that 
controls are 
non- cases

Blinding of 
assessors

Exposure status is 
measured in a standard, 
valid and reliable way

Confounders are 
identified and 
considered

Confidence 
intervals are 
provided

Clear association 
between exposure 
and outcome

Applicability 
of study Risk of Bias

Haֳggman- Henrikson, 
2018

Clinical trial Yes Yes Yes No Yes No No Yes Yes Yes No No Moderate (7/12)

Lida, 2013 Case 
control

Yes Yes Yes No Yes Yes No Yes Yes Yes Yes Yes Low (10/12)

Ratnayake, 2020 Case 
control

Yes Yes No No Yes Yes No Yes Yes Yes Yes Yes Moderate (9/12)

Waֳnman, 2012 Case 
control

Yes Yes Yes No Yes Yes No Yes No No No No High (6/12)

(b)

Study Design

Research 
question or 
objective clearly 
stated?

Population 
specified and 
defined

Participation 
rate of 
eligibility 
(>50%)

Clear 
inclusion/ 
exclusion 
criteria

Sample size 
justification

Exposure(s) of interest 
measured prior to 
the outcome(s) being 
measured

Timeframe 
sufficient for 
association 
between exposure 
and outcome

Examination of 
different levels 
of the exposure 
as related to the 
outcome

Exposure measures 
definition, validity 
and reliability

Were the outcome 
measures definition, 
validity and reliability

Outcome 
assessors 
blinded to 
the exposure

Key potential 
confounding 
variables measured 
and adjusted 
statistically Risk of Bias

Curtis, 2019 Cross 
sectional

Yes Yes Other Yes No Yes Yes Yes Yes No No Yes Moderate (8/12)

Brunton, 2018 Cross 
sectional

Yes Yes Other Yes No Yes Other Yes Yes No No Yes Moderate (7/12)

Hara, 2018 Cross 
sectional

Yes Yes Other Yes No Yes Yes Yes Yes No No Yes Moderate (8/12)

Takuro, 2018 Cross 
sectional

Yes No Other Other No No Yes Yes Yes No No No High (4/12)

Sharkey, 1984 Cross 
sectional

Yes Yes Other Other No Yes Yes Yes Yes No No No Moderate (6/12)

Watanabe, 1991 Cross 
sectional

Yes Yes Other Other No Yes Yes No No No No No High (4/12)
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to be appropriate for the meta- analysis. Only three relevant stud-
ies were identified for patients with TMDs.29- 31 This limited volume 
of relevant clinical evidence precludes the possibility of clinicians 
who manage patients with TMDs from implementing evidence- 
based methodology when considering the mouth- opening mus-
cular performance as part of their assessment and management. 
Furthermore, no relevant study for other patient populations, such 
as those with obstructive sleep apnoea and speech disorders, was 
found during the literature search.

4.4  |  Future direction

This review highlights the need for future research into several im-
portant areas of interest. The most basic scientific need is to estab-
lish a valid and reliable measurement device and testing procedure 
for the maximal strength and endurance capacity of mouth opening 
muscles (both mandibular depressors and protrusion muscles1). This 
will require a well- designed intra-  and inter- tester reliability study 

on healthy controls followed by patients with TMDs in order to vali-
date such a test. A proper real- time observation study on the mouth- 
opening muscular performance will be required, probably using a 
real- time ultrasonography and/or electromyography devices.

After validating the muscular performance tests, baseline data 
of healthy controls of different ages will be needed, ideally by per-
forming an international multicentre study. The normal agonist- 
antagonist muscular performance ratio between the mouth opener 
and closer musculature of males and females of different age groups 
would be another interesting factor for observation at this stage of 
research, similar to the existing data on different musculoskeletal 
regions, such as the knee and shoulder.13,36,37

The application of the physiological muscular performance data 
as a reference for comparison with different relevant patient pop-
ulations in an international multicentre study (TMDs, dysphagia, 
obstructive sleep apnoea and bruxism) will comprise the next step 
for investigation. That step may help to identify clinical subgroups 
that would benefit from muscular rehabilitation programs tailored 
specifically to improve the mouth- opening muscular performance.

TA B L E  5  (a) Risk of bias assessment of cross- sectional studies according to the NIH quality assessment tool. (b) Risk of bias assessment 
of case- control studies according to the SIGN quality assessment tool
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control

Yes Yes Yes No Yes Yes No Yes Yes Yes Yes Yes Low (10/12)
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Yes Yes No No Yes Yes No Yes Yes Yes Yes Yes Moderate (9/12)
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control

Yes Yes Yes No Yes Yes No Yes No No No No High (6/12)
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Curtis, 2019 Cross 
sectional

Yes Yes Other Yes No Yes Yes Yes Yes No No Yes Moderate (8/12)

Brunton, 2018 Cross 
sectional

Yes Yes Other Yes No Yes Other Yes Yes No No Yes Moderate (7/12)

Hara, 2018 Cross 
sectional

Yes Yes Other Yes No Yes Yes Yes Yes No No Yes Moderate (8/12)

Takuro, 2018 Cross 
sectional

Yes No Other Other No No Yes Yes Yes No No No High (4/12)

Sharkey, 1984 Cross 
sectional

Yes Yes Other Other No Yes Yes Yes Yes No No No Moderate (6/12)

Watanabe, 1991 Cross 
sectional

Yes Yes Other Other No Yes Yes No No No No No High (4/12)
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The clinical implications of the results are to carefully screen for 
clinical signs and symptoms of the mouth openers in patients with 
TMDs and to address it during the multidisciplinary rehabilitation 
process.

5  |  CONCLUSION

This is the first systematic review to comprehensively examine 
mouth- opening muscular performance in healthy and TMDs popula-
tions. The findings suggest significant influence of the parameters of 
sex and age, similar to the findings for other muscle groups. This re-
view also exposes several major gaps in the current literature regard-
ing mouth- opening muscular performance. One is the lack of a valid 
and reliable test for this unique muscle group, another is the need for 
an estimation of normal physiological muscular performance and the 
third is the proper evaluation of muscular performance in patients 
with common relevant disorders, such as TMD, dysphagia, obstruc-
tive sleep apnoea and bruxism.
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SIGN Methodology Checklist 4: Case- control studies
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title, pages)

Guideline topic: Key Question 
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Reviewer:

Before completing this checklist, consider:
1. Is the paper really a case- control study? If in doubt, check the 

study design algorithm available from SIGN and make sure you 
have the correct checklist.

2. Is the paper relevant to key question? Analyse using PICO (Patient 
or Population Intervention Comparison Outcome). IF NO 
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Reason for rejection: Reason for rejection: 1. Paper not relevant to 
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Section 1: Internal validity

In an well conducted case control 
study:
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1.1 The study addresses 
an appropriate and 
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SIGN Methodology Checklist 4: Case- control studies

Selection of subjects
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controls are taken 
from comparable 
populations.b
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1.3 The same exclusion 
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1.5 Comparison is 
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non- cases.g
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to prevent 
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primary exposure 
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Confounding

1.10 The main potential 
confounders are 
identified and 
taken into account 
in the design and 
analysis.j

Yes □
Can't say □

No □

Statistical analysis
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SIGN Methodology Checklist 4: Case- control studies

2.2 Taking into 
account clinical 
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your evaluation of 
the methodology 
used, and the 
statistical power 
of the study, do 
you think there 
is clear evidence 
of an association 
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and outcome?

Yes □
Can't say □

No □

2.3 Are the results of 
this study directly 
applicable to the 
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targeted by this 
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of uncertainty 
raised above.
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e Even if participation rates are comparable and acceptable, it is still 
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non- participants among the source population to ensure that the 
participants are a truly representative sample.
f The method of selection of cases is of critical importance to the 
validity of the study. Investigators have to be certain that cases are 
truly cases, but must balance this with the need to ensure that the cases 
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be evaluated by someone with a good understanding of the design of 
case- control studies. If the study does not comment on how cases were 
selected, it is probably safest to reject it as a source of evidence.
g Just as it is important to be sure that cases are true cases, it is 
important to be sure that controls do not have the outcome under 
investigation. Control subjects should be chosen so that information 
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used for the selection of cases. If the methods of control selection are 
not described, the study should be rejected. If different methods of 
selection are used for cases and controls the study should be evaluated 
by someone with a good understanding of the design of case- control 
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h If there is a possibility that case ascertainment can be influenced by 
knowledge of exposure status, assessment of any association is likely to 
be biased. A well conducted study should take this into account in the 
design of the study.
i The primary outcome measures used should be clearly stated in the 
study. If the outcome measures are not stated, or the study bases its 
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evidence should be provided that the measures used are reliable and 
have been validated prior to their use in the study.
j Confounding is the distortion of a link between exposure and outcome 
by another factor that is associated with both exposure and outcome. 
The possible presence of confounding factors is one of the principal 
reasons why observational studies are not more highly rated as a source 
of evidence. The study should indicate which potential confounders 
have been considered, and how they have been allowed for in the 
analysis. Clinical judgement should be applied to consider whether 
all likely confounders have been considered. If the measures used to 
address confounding are considered inadequate, the study should be 
downgraded or rejected. A study that does not address the possibility 
of confounding should be rejected.
k Confidence limits are the preferred method for indicating the 
precision of statistical results, and can be used to differentiate between 
an inconclusive study and a study that shows no effect. Studies that 
report a single value with no assessment of precision should be treated 
with extreme caution.
l Rate the overall methodological quality of the study, using the 
following as a guide: High quality (++): Majority of criteria met. Little 
or no risk of bias. Results unlikely to be changed by further research. 
Acceptable (+): Most criteria met. Some flaws in the study with an 
associated risk of bias, Conclusions may change in the light of further 
studies. Low quality (0): Either most criteria not met, or significant flaws 
relating to key aspects of study design. Conclusions likely to change in 
the light of further studies.

APPENDIX 2 (Continued) APPENDIX 2 (Continued)
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APPENDIX 3

Criteria Yes No
Other (CD, 
NR, NA)

1. Was the research question or 
objective in this paper clearly 
stated?

2. Was the study population clearly 
specified and defined?

3. Was the participation rate of 
eligible persons at least 50%?

4. Were all the subjects selected 
or recruited from the same or 
similar populations (including 
the same time period)? Were 
inclusion and exclusion 
criteria for being in the study 
prespecified and applied 
uniformly to all participants?

5. Was a sample size justification, 
power description, or variance 
and effect estimates provided?

6. For the analyses in this paper, 
were the exposure(s) of 
interest measured prior to the 
outcome(s) being measured?

7. Was the timeframe sufficient 
so that one could reasonably 
expect to see an association 
between exposure and outcome 
if it existed?

8. For exposures that can vary in 
amount or level, did the study 
examine different levels of 
the exposure as related to the 
outcome (e.g., categories of 
exposure, or exposure measured 
as continuous variable)?

9. Were the exposure measures 
(independent variables) clearly 
defined, valid, reliable, and 
implemented consistently across 
all study participants?

10. Was the exposure(s) assessed 
more than once over time?

11. Were the outcome measures 
(dependent variables) clearly 
defined, valid, reliable, and 
implemented consistently across 
all study participants?

12. Were the outcome assessors 
blinded to the exposure status of 
participants?

13. Was loss to follow- up after 
baseline 20% or less?

14. Were key potential confounding 
variables measured and adjusted 
statistically for their impact 
on the relationship between 
exposure(s) and outcome(s)?

Quality Rating (Good, Fair, or Poor)

Rater #1 initials:

Rater #2 initials:

Additional Comments (If POOR, please state why):

CD, cannot determine; NA, not applicable; NR, not reported.

GUIDANCE FOR A SSE SSING THE QUALIT Y OF 
OBSERVATIONAL COHORT AND CROSS- SEC TIONAL 
S TUDIE S
The guidance document below is organized by question number 
from the tool for quality assessment of observational cohort and 
cross- sectional studies.

QUE S TION 1 .  RE SE ARCH QUE S TION
Did the authors describe their goal in conducting this research? Is it 
easy to understand what they were looking to find? This issue is im-
portant for any scientific paper of any type. Higher quality scientific 
research explicitly defines a research question.

QUE S TIONS 2 AND 3 .  S TUDY POPUL ATION
Did the authors describe the group of people from which the study 
participants were selected or recruited, using demographics, loca-
tion, and time period? If you were to conduct this study again, would 
you know who to recruit, from where, and from what time period? 
Is the cohort population free of the outcomes of interest at the time 
they were recruited?

An example would be men over 40 years old with type 2 diabe-
tes who began seeking medical care at Phoenix Good Samaritan 
Hospital between January 1, 1990 and December 31, 1994. In 
this example, the population is clearly described as: (1) who (men 
over 40 years old with type 2 diabetes); (2) where (Phoenix Good 
Samaritan Hospital); and (3) when (between January 1, 1990 
and December 31, 1994). Another example is women ages 34 to 
59 years of age in 1980 who were in the nursing profession and 
had no known coronary disease, stroke, cancer, hypercholester-
olemia, or diabetes, and were recruited from the 11 most popu-
lous States, with contact information obtained from State nursing 
boards.

In cohort studies, it is crucial that the population at baseline is 
free of the outcome of interest. For example, the nurses’ popula-
tion above would be an appropriate group in which to study incident 
coronary disease. This information is usually found either in descrip-
tions of population recruitment, definitions of variables, or inclu-
sion/exclusion criteria.

You may need to look at prior papers on methods in order to make 
the assessment for this question. Those papers are usually in the 
reference list.

If fewer than 50% of eligible persons participated in the study, 
then there is concern that the study population does not adequately 
represent the target population. This increases the risk of bias.
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QUE S TION 4 .  G ROUPS RECRUITED FROM THE SAME 
POPUL ATION AND UNIFORM ELIG IBILIT Y CRITERIA
Were the inclusion and exclusion criteria developed prior to recruit-
ment or selection of the study population? Were the same underly-
ing criteria used for all of the subjects involved? This issue is related 
to the description of the study population, above, and you may find 
the information for both of these questions in the same section of 
the paper.

Most cohort studies begin with the selection of the cohort; par-
ticipants in this cohort are then measured or evaluated to determine 
their exposure status. However, some cohort studies may recruit or 
select exposed participants in a different time or place than unex-
posed participants, especially retrospective cohort studies– which 
is when data are obtained from the past (retrospectively), but the 
analysis examines exposures prior to outcomes. For example, one 
research question could be whether diabetic men with clinical de-
pression are at higher risk for cardiovascular disease than those 
without clinical depression. So, diabetic men with depression might 
be selected from a mental health clinic, while diabetic men without 
depression might be selected from an internal medicine or endocri-
nology clinic. This study recruits groups from different clinic popula-
tions, so this example would get a "no."

However, the women nurses described in the question above 
were selected based on the same inclusion/exclusion criteria, so that 
example would get a "yes."

QUE S TION 5.  SAMPLE S IZE JUS TIFIC ATION
Did the authors present their reasons for selecting or recruiting the 
number of people included or analyzed? Do they note or discuss the 
statistical power of the study? This question is about whether or not 
the study had enough participants to detect an association if one 
truly existed.

A paragraph in the methods section of the article may explain 
the sample size needed to detect a hypothesized difference in out-
comes. You may also find a discussion of power in the discussion sec-
tion (such as the study had 85 percent power to detect a 20 percent 
increase in the rate of an outcome of interest, with a 2- sided alpha 
of 0.05). Sometimes estimates of variance and/or estimates of effect 
size are given, instead of sample size calculations. In any of these 
cases, the answer would be "yes."

However, observational cohort studies often do not report any-
thing about power or sample sizes because the analyses are explora-
tory in nature. In this case, the answer would be "no." This is not a 
"fatal flaw." It just may indicate that attention was not paid to whether 
the study was sufficiently sized to answer a prespecified question– -
i.e., it may have been an exploratory, hypothesis- generating study.

QUE S TION 6 .  E XPOSURE A SSE SSED PRIOR TO 
OUTCOME ME A SUREMENT
This question is important because, in order to determine whether 
an exposure causes an outcome, the exposure must come before 
the outcome.

For some prospective cohort studies, the investigator enrolls the 
cohort and then determines the exposure status of various mem-
bers of the cohort (large epidemiological studies like Framingham 
used this approach). However, for other cohort studies, the cohort 
is selected based on its exposure status, as in the example above 
of depressed diabetic men (the exposure being depression). Other 
examples include a cohort identified by its exposure to fluoridated 
drinking water and then compared to a cohort living in an area with-
out fluoridated water, or a cohort of military personnel exposed to 
combat in the Gulf War compared to a cohort of military personnel 
not deployed in a combat zone.

With either of these types of cohort studies, the cohort is fol-
lowed forward in time (i.e., prospectively) to assess the outcomes 
that occurred in the exposed members compared to nonexposed 
members of the cohort. Therefore, you begin the study in the pre-
sent by looking at groups that were exposed (or not) to some biologi-
cal or behavioral factor, intervention, etc., and then you follow them 
forward in time to examine outcomes. If a cohort study is conducted 
properly, the answer to this question should be "yes," since the expo-
sure status of members of the cohort was determined at the begin-
ning of the study before the outcomes occurred.

For retrospective cohort studies, the same principal applies. 
The difference is that, rather than identifying a cohort in the pre-
sent and following them forward in time, the investigators go back 
in time (i.e., retrospectively) and select a cohort based on their ex-
posure status in the past and then follow them forward to assess 
the outcomes that occurred in the exposed and nonexposed cohort 
members. Because in retrospective cohort studies the exposure and 
outcomes may have already occurred (it depends on how long they 
follow the cohort), it is important to make sure that the exposure 
preceded the outcome.

Sometimes cross- sectional studies are conducted (or cross- 
sectional analyses of cohort- study data), where the exposures and 
outcomes are measured during the same timeframe. As a result, 
cross- sectional analyses provide weaker evidence than regular co-
hort studies regarding a potential causal relationship between ex-
posures and outcomes. For cross- sectional analyses, the answer to 
Question 6 should be "no."

QUE S TION 7.  SUFFICIENT TIMEFR AME TO SEE AN 
EFFEC T
Did the study allow enough time for a sufficient number of outcomes 
to occur or be observed, or enough time for an exposure to have 
a biological effect on an outcome? In the examples given above, if 
clinical depression has a biological effect on increasing risk for CVD, 
such an effect may take years. In the other example, if higher dietary 
sodium increases BP, a short timeframe may be sufficient to assess 
its association with BP, but a longer timeframe would be needed to 
examine its association with heart attacks.

The issue of timeframe is important to enable meaningful analysis 
of the relationships between exposures and outcomes to be con-
ducted. This often requires at least several years, especially when 
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looking at health outcomes, but it depends on the research question 
and outcomes being examined.

Cross- sectional analyses allow no time to see an effect, since the 
exposures and outcomes are assessed at the same time, so those 
would get a "no" response.

QUE S TION 8 .  DIFFERENT LE VEL S OF THE E XPOSURE 
OF INTERE S T
If the exposure can be defined as a range (examples: drug dosage, 
amount of physical activity, amount of sodium consumed), were mul-
tiple categories of that exposure assessed? (for example, for drugs: 
not on the medication, on a low dose, medium dose, high dose; for 
dietary sodium, higher than average U.S. consumption, lower than 
recommended consumption, between the two). Sometimes discrete 
categories of exposure are not used, but instead exposures are 
measured as continuous variables (for example, mg/day of dietary 
sodium or BP values).

In any case, studying different levels of exposure (where pos-
sible) enables investigators to assess trends or dose- response re-
lationships between exposures and outcomes– e.g., the higher the 
exposure, the greater the rate of the health outcome. The presence 
of trends or dose- response relationships lends credibility to the hy-
pothesis of causality between exposure and outcome.

For some exposures, however, this question may not be applica-
ble (e.g., the exposure may be a dichotomous variable like living in a 
rural setting versus an urban setting, or vaccinated/not vaccinated 
with a one- time vaccine). If there are only two possible exposures 
(yes/no), then this question should be given an "NA," and it should 
not count negatively towards the quality rating.

QUE S TION 9.  E XPOSURE ME A SURE S AND 
A SSE SSMENT
Were the exposure measures defined in detail? Were the tools or 
methods used to measure exposure accurate and reliable– for exam-
ple, have they been validated or are they objective? This issue is im-
portant as it influences confidence in the reported exposures. When 
exposures are measured with less accuracy or validity, it is harder to 
see an association between exposure and outcome even if one exists. 
Also as important is whether the exposures were assessed in the same 
manner within groups and between groups; if not, bias may result.

For example, retrospective self- report of dietary salt intake is not 
as valid and reliable as prospectively using a standardized dietary log 
plus testing participants’ urine for sodium content. Another example 
is measurement of BP, where there may be quite a difference be-
tween usual care, where clinicians measure BP however it is done in 
their practice setting (which can vary considerably), and use of trained 
BP assessors using standardized equipment (e.g., the same BP device 
which has been tested and calibrated) and a standardized protocol 
(e.g., patient is seated for 5 minutes with feet flat on the floor, BP is 
taken twice in each arm, and all four measurements are averaged). In 
each of these cases, the former would get a "no" and the latter a "yes."

Here is a final example that illustrates the point about why it is im-
portant to assess exposures consistently across all groups: If people 

with higher BP (exposed cohort) are seen by their providers more 
frequently than those without elevated BP (nonexposed group), it 
also increases the chances of detecting and documenting changes 
in health outcomes, including CVD- related events. Therefore, it may 
lead to the conclusion that higher BP leads to more CVD events. 
This may be true, but it could also be due to the fact that the sub-
jects with higher BP were seen more often; thus, more CVD- related 
events were detected and documented simply because they had 
more encounters with the health care system. Thus, it could bias the 
results and lead to an erroneous conclusion.

QUE S TION 10.  REPE ATED E XPOSURE A SSE SSMENT
Was the exposure for each person measured more than once dur-
ing the course of the study period? Multiple measurements with the 
same result increase our confidence that the exposure status was 
correctly classified. Also, multiple measurements enable investiga-
tors to look at changes in exposure over time, for example, people 
who ate high dietary sodium throughout the followup period, com-
pared to those who started out high then reduced their intake, com-
pared to those who ate low sodium throughout. Once again, this may 
not be applicable in all cases. In many older studies, exposure was 
measured only at baseline. However, multiple exposure measure-
ments do result in a stronger study design.

QUE S TION 11 .  OUTCOME ME A SURE S
Were the outcomes defined in detail? Were the tools or methods for 
measuring outcomes accurate and reliable– for example, have they 
been validated or are they objective? This issue is important because 
it influences confidence in the validity of study results. Also impor-
tant is whether the outcomes were assessed in the same manner 
within groups and between groups.

An example of an outcome measure that is objective, accurate, 
and reliable is death– the outcome measured with more accuracy 
than any other. But even with a measure as objective as death, there 
can be differences in the accuracy and reliability of how death was 
assessed by the investigators. Did they base it on an autopsy report, 
death certificate, death registry, or report from a family member? 
Another example is a study of whether dietary fat intake is related 
to blood cholesterol level (cholesterol level being the outcome), and 
the cholesterol level is measured from fasting blood samples that are 
all sent to the same laboratory. These examples would get a "yes." An 
example of a "no" would be self- report by subjects that they had a 
heart attack, or self- report of how much they weigh (if body weight 
is the outcome of interest).

Similar to the example in Question 9, results may be biased if 
one group (e.g., people with high BP) is seen more frequently than 
another group (people with normal BP) because more frequent en-
counters with the health care system increases the chances of out-
comes being detected and documented.

QUE S TION 12 .  BLINDING OF OUTCOME A SSE SSORS
Blinding means that outcome assessors did not know whether the 
participant was exposed or unexposed. It is also sometimes called 



494  |    GREENBAUM Et Al.

"masking." The objective is to look for evidence in the article that 
the person(s) assessing the outcome(s) for the study (for example, 
examining medical records to determine the outcomes that occurred 
in the exposed and comparison groups) is masked to the exposure 
status of the participant. Sometimes the person measuring the expo-
sure is the same person conducting the outcome assessment. In this 
case, the outcome assessor would most likely not be blinded to ex-
posure status because they also took measurements of exposures. If 
so, make a note of that in the comments section.

As you assess this criterion, think about whether it is likely that 
the person(s) doing the outcome assessment would know (or be able 
to figure out) the exposure status of the study participants. If the 
answer is no, then blinding is adequate. An example of adequate 
blinding of the outcome assessors is to create a separate committee, 
whose members were not involved in the care of the patient and 
had no information about the study participants’ exposure status. 
The committee would then be provided with copies of participants’ 
medical records, which had been stripped of any potential exposure 
information or personally identifiable information. The committee 
would then review the records for prespecified outcomes according 
to the study protocol. If blinding was not possible, which is some-
times the case, mark "NA" and explain the potential for bias.

QUE S TION 13 .  FOLLOWUP R ATE
Higher overall followup rates are always better than lower followup 
rates, even though higher rates are expected in shorter studies, 
whereas lower overall followup rates are often seen in studies of 
longer duration. Usually, an acceptable overall followup rate is con-
sidered 80 percent or more of participants whose exposures were 
measured at baseline. However, this is just a general guideline. For 
example, a 6- month cohort study examining the relationship be-
tween dietary sodium intake and BP level may have over 90 percent 
followup, but a 20- year cohort study examining effects of sodium 
intake on stroke may have only a 65 percent followup rate.

QUE S TION 14.  S TATIS TIC AL ANALYSE S
Were key potential confounding variables measured and adjusted 
for, such as by statistical adjustment for baseline differences? 
Logistic regression or other regression methods are often used to 
account for the influence of variables not of interest.

This is a key issue in cohort studies, because statistical analyses 
need to control for potential confounders, in contrast to an RCT, 
where the randomization process controls for potential confound-
ers. All key factors that may be associated both with the exposure 
of interest and the outcome– that are not of interest to the research 
question– should be controlled for in the analyses.

For example, in a study of the relationship between cardiorespira-
tory fitness and CVD events (heart attacks and strokes), the study 
should control for age, BP, blood cholesterol, and body weight, 

because all of these factors are associated both with low fitness and 
with CVD events. Well- done cohort studies control for multiple po-
tential confounders.

SOME G ENER AL GUIDANCE FOR DE TERMINING THE 
OVER ALL QUALIT Y R ATING OF OBSERVATIONAL 
COHORT AND CROSS- SEC TIONAL S TUDIE S
The questions on the form are designed to help you focus on the key 
concepts for evaluating the internal validity of a study. They are not 
intended to create a list that you simply tally up to arrive at a sum-
mary judgment of quality.

Internal validity for cohort studies is the extent to which the re-
sults reported in the study can truly be attributed to the exposure 
being evaluated and not to flaws in the design or conduct of the 
study– in other words, the ability of the study to draw associative 
conclusions about the effects of the exposures being studied on out-
comes. Any such flaws can increase the risk of bias.

Critical appraisal involves considering the risk of potential for se-
lection bias, information bias, measurement bias, or confounding (the 
mixture of exposures that one cannot tease out from each other). 
Examples of confounding include co- interventions, differences at 
baseline in patient characteristics, and other issues throughout the 
questions above. High risk of bias translates to a rating of poor qual-
ity. Low risk of bias translates to a rating of good quality. (Thus, the 
greater the risk of bias, the lower the quality rating of the study.)

In addition, the more attention in the study design to issues that 
can help determine whether there is a causal relationship between 
the exposure and outcome, the higher quality the study. These in-
clude exposures occurring prior to outcomes, evaluation of a dose- 
response gradient, accuracy of measurement of both exposure and 
outcome, sufficient timeframe to see an effect, and appropriate con-
trol for confounding– all concepts reflected in the tool.

Generally, when you evaluate a study, you will not see a "fatal 
flaw," but you will find some risk of bias. By focusing on the con-
cepts underlying the questions in the quality assessment tool, you 
should ask yourself about the potential for bias in the study you are 
critically appraising. For any box where you check "no" you should 
ask, "What is the potential risk of bias resulting from this flaw in 
study design or execution?" That is, does this factor cause you to 
doubt the results that are reported in the study or doubt the ability 
of the study to accurately assess an association between exposure 
and outcome?

The best approach is to think about the questions in the tool and 
how each one tells you something about the potential for bias in 
a study. The more you familiarize yourself with the key concepts, 
the more comfortable you will be with critical appraisal. Examples 
of studies rated good, fair, and poor are useful, but each study must 
be assessed on its own based on the details that are reported and 
consideration of the concepts for minimizing bias.


