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SUMMARY Recent polysomnographic (PSG) studies

showed that the sleep bruxism (SB) event is

preceded by a sudden shift in autonomic cardiac

activity. Therefore, heart rate could be the

simplest-to-record parameter for use in addition to

portable home EMG monitoring to improve the

accuracy in automatic detection of SB events.

The aim of the study was to compare the

detection of SB episodes by combined surface

electromyography and heart rate (HR) recorded by

a compact portable device (Bruxoff�), with the

scoring of SB episodes by a PSG recording.

Twenty-five subjects (14 ‘probable’ bruxers and 11

non-bruxers) were selected for the study. Each

subject underwent the Bruxoff and the PSG

recordings during the same night. Rhythmic

masseter muscle activities (RMMAs) were scored

according to published criteria. Correlation

coefficients and the Bland–Altman plots were

calculated to measure the correlation and

agreement between the two methods. Results

showed a high correlation (Pearson’s r = 0�95,
P < 0�0001) and a high agreement (bias = 0�05)
between Bruxoff and the PSG. Furthermore, the

receiver operating characteristic curve analysis

showed a high sensitivity and specificity of the

portable device (92�3% and 91�6%, respectively)

when the cut-off was set at 4 SB episodes per hour

according to published criteria. The Bruxoff device

showed a good diagnostic accuracy to differentiate

RMMA from other oromotor activities. These

findings are important in the light of the need for

simple and reliable portable devices for the

diagnosis of SB both in the clinical and research

settings.

KEYWORDS: sleep bruxism, surface electromyography,

masseter muscle, heart rate, polysomnography,

rhythmicmasticatorymuscles activity

Accepted for publication 8 December 2013

Introduction

Bruxism is a repetitive jaw muscle activity character-

ised by teeth clenching or grinding and/or mandible

bracing or thrusting (1). Sleep bruxism (SB) is related

to sleep arousals and has a combination of different

motor activities, also including tooth grinding (2–4).

A recent review reported a mean prevalence of 12�8%
in the adult population, with no gender differences

and a tendency to decline with increasing age (5).

However, a true estimate of SB prevalence is compli-

cated by the low diagnostic specificity of most

reviewed papers, thus suggesting that an improve-

ment in SB diagnostic accuracy is a fundamental req-

uisite (5).

The current standard of reference for diagnosing SB

is polysomnography (PSG) with audio-video (AV)

recordings (1). Such an approach allows identifying
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SB based on the bruxism generator model, which pos-

tulates that a well-defined oromotor activity, called

‘rhythmic masticatory muscle activity’ (RMMA), con-

stitutes the basic pattern of SB (6–8). Unfortunately,

PSG has some disadvantages, such as the high cost,

the amount of time needed for manual/visual scoring

(9), the laboratory settings, not providing information

of oral behaviours occurring in home environment,

and the scoring based upon subjective evaluation and

the examiner’s skill (10). The use of portable electro-

myographic (EMG) devices may partly solve these

limitations, but it introduces the risk of overestimating

the number of true SB episodes because such devices

do not record other SB markers related to autonomic

activity (11–13).

Recent studies showed that the SB event is pre-

ceded in particular by a sudden shift in autonomic

cardiac and respiratory activity as well as by a specific

brain activation (8). Therefore, heart rate could be the

simplest-to-record parameter for use in addition to

portable home EMG monitoring to improve the accu-

racy in automatic detection of SB events.

Based on these premises, this study compares the

analysis of SB episodes by combined EMG and elec-

trocardiography (ECG) recorded by a compact porta-

ble device (Bruxoff�*), with the scoring of sleep

episodes by a PSG assessment. The study was specifi-

cally designed to answer the clinical research question

‘Is a portable EMG/ECG recorder accurate to detect

PSG-diagnosed SB?’ The rationale underlying the

study was that a positive answer to the above ques-

tion could lead to the possible introduction of a sim-

plified diagnostic approach to SB in both the clinical

and research settings.

Material and methods

Subjects

The study was performed on 25 subjects (13 men and

12 women, mean age � SD 28 � 10�77 years)

selected among patients referring to the Oral Physiol-

ogy Unit of the Dental School of the University of

Torino. To ensure the possibility that subjects with

different frequency of SB activity took part in the

study, as to verify the study hypothesis (i.e. accuracy

of the portable device to record SB events) in pres-

ence of different SB severity, two groups of subjects

were initially recruited on the basis of their probable

bruxism or absence of bruxism. The assessment was

made by an expert clinician, on the basis of a clinical

inspection and questionnaires, concerning awareness

of SB, sleep habits, anxiety, stress, fatigue, nervous-

ness, current facial pain intensity, painful jaw upon

awakening and fatigue of masticatory muscles at dif-

ferent moments.

With these criteria, 14 probable bruxers (eight men

and six women, mean age � SD 26�4 � 3�5) and 11

non-bruxers (four men and seven women, mean

age � SD 31�9 � 13�9) were selected. Both bruxers

and non-bruxers subjects were also screened for tem-

poromandibular disorders (TMD) according to the

research diagnostic criteria for TMD (RDC/TMD) (14).

Exclusion criteria for both groups were (i) presence

of prosthodontic rehabilitations, (ii) missing teeth,

with the exception of the third molars, (iii) periodon-

tal disease, (iv) Group II and/or Group III TMDs

(discal and/or articular TMDs) (14, 15), (v) medical

history of neurological, mental or sleep disorders (e.g.

periodic leg movements, insomnia). The Epworth

Sleepiness Scale and the Berlin Questionnaire were

used to exclude possible OSAS. All the subjects were

not under medications at the time of recording and

were not under the effect of alcohol, nicotine or caf-

feine.

The procedures were approved by the Lingotto

Dental School Ethic Committee (#20120098). All indi-

viduals gave their informed consent in accordance

with the Helsinki Declaration and understood that

they were free to withdraw from the experiment at

any time.

PSG recordings

Polygraphic studies were performed in the home envi-

ronment using a commercially available system

(Embletta X100�†), allowing a comprehensive porta-

ble polysomnography (type II device) according to the

guidelines recommended by the American Academy

of Sleep Medicine (16). It measured the following:

(i) nasal pressure, (ii) thoraco-abdominal movement,

(iii) finger pulse oximetry, (iv) heart rhythm and rate
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(v) and masseter surface EMG (sEMG). The sleep lab-

oratory technician assisted the subjects with the appli-

cation of the PSG device in the participant’s home

just before the subject went to bed.

Bruxoff recordings

A portable device (Bruxoff�*) with three channels

acquired sEMG bilaterally from the masseter and the

heart frequency. The three signals were sampled at

800 Hz, with eight-bit resolution. Data were stored on

a MicroSD card as a binary file. The sEMG channels

were filtered between 10 and 400 Hz with gain 4300.

The ECG channel was filtered between 15 and 160 Hz

with gain 700.

Surface electromyography from the masseter mus-

cle of both sides was detected with disposable bipolar

concentric electrodes (Code�*) (17), with a 16 mm

radius and an AgCl detection site (Fig. 1). These elec-

trodes were chosen to permit an easy application,

avoiding the electrode orientation problem and reduc-

ing EMG crosstalk (17, 18).

Electrocardiographies were detected with a dispos-

able bipolar electrode located on the left side of the

thorax about 5–10 cm below the sternum. Electro-

myographic and ECG signals were recorded during

two consecutive nights (at least 4 h of sleep per

night). The first night was a familiarisation session

with the devices, while the recordings during the sec-

ond night were used for the data analyses.

Masseteric EMG and sleep scoring

To test the accuracy of the Bruxoff device, simulta-

neous recordings were made with the Bruxoff and

the PSG electrodes attached to the same masseter.

Five tapping movements before sleep and after get-

ting up in the morning were performed, and the first

burst of the tapping movements was used for syn-

chronisation between the PSG recording system and

the Bruxoff device. After the five tapping movements

at the beginning of the recording session, the subjects

were asked to perform three maximum voluntary

clenching (MVC) on teeth lasting 3 s each and sepa-

rated by 10 s of rest. The greatest of the MVC mea-

sures was used for normalising the EMG values as a

per cent of MVC.

Masseter EMG bursts with duration exceeding

0�25 s were selected for oromotor activity scoring (6).

Based on the literature data (19), the considered SB

cut-off values for visual scoring of RMMA episodes on

a PSG tracking were masseter mean EMG amplitude

at least 10% of MVC activity, preceded by an approxi-

mately 25% increase of heart rate (beginning 1 s

before RMMA onset). Oromotor activity during wake-

fulness, viz. before falling asleep, was excluded from

PSG scoring.

The same cut-off values were used to perform a

visual scoring on the Bruxoff records (manual mea-

surement).

Also, the automatic SB scoring performed by the

Bruxmeter software (Bruxmeter�‡) was considered

for comparison with the PSG scoring and with the

Bruxoff manual scoring. The software is able to clas-

sify a SB episode if the sEMG burst is greater than

10% MVC and if it immediately follows (1–5 s inter-

val) a heart rate increase of 20% with respect to the

baseline.

An episode scored by Bruxoff was considered a true

SB episode when RMMA, preceded by a heart rate

increase, was observed with both recording systems.

Fig. 1. The Bruxoff�* and the CoDe�* electrode used in this

study for the detection of myoeletric signals from the masseter

muscles. This electrode was chosen to avoid any orientation

problem. At the top, a schematic representation of the electrode

location over the masseter muscle is shown. Black line: gonial

angle-cantus line used as anatomical landmark. ‡OT Bioelettronica, Torino, Italy.
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Only one author (A.B.) scored the Bruxoff signals,

with no knowledge of the PSG scoring data. An expe-

rienced sleep technician scored the PSG signals blind

to the scoring with Bruxoff. Afterwards, the scoring

data were matched between Bruxoff, both manual

and automatic, and PSG.

Statistical analysis

Statistical analysis was performed using the software

Statistical Package for the Social Sciences (SPSS) 15.0.§

The sample passed the Kolmogorov–Smirnov normal-

ity test (P > 0�10). The variables used to perform the

analysis were the number of SB events per hour and

the number of SB events per night. For statistical pur-

poses, the discrimination between bruxers and non-

bruxers was based on the PSG analysis and not on

the initial clinical criteria. According to the PSG

analysis, 12 non-bruxers (five men, seven women,

age 29�8 � 10�4 years) and 13 bruxers (seven men,

six women, age 28�1 � 9�8 year) were analysed.

A Pearson correlation coefficient and the Bland–

Altman plot (20) were used to quantify the direction

and magnitude of correlation and to measure the

agreement between the PSG and the Bruxoff mea-

surements, respectively. The level for statistical signifi-

cance was set at P < 0�05.
A receiver operating characteristic (ROC) curve

analysis (21) was performed to detect diagnostic accu-

racy (area under the curve), true-positive rate (TPR,

sensitivity) and false-positive rate (FPR, 1-specificity)

(20) of each measurement (Bruxoff manual and

Bruxoff automatic) to discriminate between bruxers

and non-bruxers.

Furthermore, a ROC curve analysis was performed

to test the diagnostic accuracy of the Bruxoff device

(both automatic and manual measurements) in terms

of contemporaneity of SB events between PSG and

Bruxoff. To do that, considering that the beginning

and the end of the two recordings of each subject

were matched and that each device provided the hour

and the minute of every SB event, a third operator

(T.C.) scored the contemporaneity of SB events

recorded with the two devices.

Ten subjects were randomly selected from the

entire sample, and all procedures for data acquisition

were repeated three times with a 1-week interval

between each acquisition. Reproducibility of SB epi-

sodes per night and SB episodes per hour was assessed

by the intra-class correlation coefficient (ICC). Values

higher than 80% indicate excellent reproducibility,

whereas values below 60% reflect poor reproducibil-

ity. ICC between 60% and 80% is considered good

reproducibility (22).

Results

Table 1 shows descriptive statistics of the SB episodes

in the analysed groups.

The Pearson correlation analysis showed a high cor-

relation between PSG and Bruxoff automatic

(r = 0�95, P < 0�0001) in the whole sample (Fig. 2).

The correlation was strongly significant in bruxers

and control subjects for both comparisons between

PSG and Bruxoff automatic (r = 0�94, P < 0�0001 and

Table 1. Descriptive statistics of the sleep bruxism (SB) epi-

sodes in the analysed groups

Bruxers Controls

Age 26�42 � 3�5 31�9 � 13�96
Sex 6 F/8 M 7 F/4 M

Number of SB episodes per night 24�63 � 8�42 4�31 � 4�50
Hours of sleep 6�55 � 1�46 6�63 � 1�79
Polysomnographic SB per hour 7�89 � 2�65 2�44 � 0�79
Bruxoff automatic SB per hour 7�66 � 2�90 1�78 � 0�89
Bruxoff manual SB per hour 7�14 � 2�87 2�57 � 1�44

Fig. 2. Correlation between polygraphic recording and Bruxoff

automatic detection of sleep bruxism episodes per hour

(r = 0�95, P < 0�0001).§SPSS Inc., Chicago, IL, USA.
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r = 0�58, P < 0�05, respectively) and PSG and Bruxoff

manual scoring (r = 0�95, P < 0�0001 and r = 0�72,
P < 0�001, respectively).

The Bland–Altman plot for the whole sample

showed a high level of agreement between PSG and

Bruxoff automatic with a bias value of 0�05 between

the two measurements (Fig. 3).

Receiver operating characteristic curve analysis

showed an excellent accuracy for the Bruxoff device

with automatic scoring in differentiating between

bruxers and controls (area under the curve = 0�96,
SE = 0�03, P < 0�0001) with a sensitivity of 92�3%
and specificity of 91�6% when the cut-off was set at 4

SB episodes per hour of sleep (Fig. 4a). Furthermore,

the ROC curve analysis showed an excellent accuracy

for the Bruxoff device with manual scoring with a

sensitivity of 92�3% and specificity of 100% (Fig. 4b).

Receiver operating characteristic curve analysis related

to the contemporaneity of events between PSG and

Bruxoff revealed an excellent accuracy of the Bruxoff

automatic (area under the curve = 0�91, SE = 0�07,
P < 0�0001) with a sensitivity of 91�6% and a specific-

ity of 84�6% when the cut-off was set at 4 SB epi-

sodes per hour of sleep. The same evaluation

conducted for the Bruxoff device with manual scoring

showed a sensitivity of 83�3% and a specificity of

84�6% (Fig. 5a,b).

The ICC showed a good reproducibility for SB epi-

sodes per night (69%) and SB per hour (74%).

Discussion

The study showed a good agreement between a porta-

ble device for the combined detection of masseter

sEMG and heart frequency (Bruxoff�*) and a portable

PSG device (Embletta X100�†) in diagnosing SB epi-

sodes.

Rhythmic masseter muscle activities are observed in

the 60% of the general adult population as a physio-

logical activity of the masticatory muscles during sleep

(23). Thus, portable devices measuring only the sEMG

activity tend to overestimate the SB episodes (13),

while the combined recordings of sEMG activity from

the masseter muscle and heart rate could represent a

good solution to improve the reliability of portable

devices for the SB diagnosis.

Based on these premises, we compared the

Bruxoff device with a comprehensive portable PSG

device. Results showed good correlation (r = 0�95,
P < 0�0001) and agreement of the measurements (bias

0�005). Considering the PSG data as the gold stan-

dard and thus evaluating the contemporaneity of SB

events between PSG and Bruxoff, the sensitivity and

Fig. 3. The Bland–Altman plot showed a high level of agree-

ment between PSG and Bruxoff automatic with a bias value of

0�05 between the two measurements, a SD of bias of 1�05 and

95% limits of agreement ranging between �2 and 2�11 on the

vertical axis. The graph provides a horizontal axis corresponding

to 0 (no differences between the measurements) and 95% limits

of agreement ranging between �2 and 2�11. The mean differ-

ence is the estimated bias, and the SD of the differences mea-

sures the random fluctuations around this mean.

(a) (b)

Fig. 4. (a) Receiver operating

characteristic (ROC) curve analysis

of the Bruxoff automatic. Area

under the curve = 0�96, SE = 0�03,
P < 0�0001; (b) ROC curve analysis

of the Bruxoff manual. Area

under the curve = 0�98, SE = 0�02,
P < 0�0001.
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specificity of Bruxoff automatic measurement (Brux-

meter� software‡) were 91�6% and 84�6%, respec-

tively, when the cut-off was set at 4 SB events per

hour of sleep, in accordance with previous PSG stud-

ies (6, 19). These results indicate an excellent ability

of the algorithm in detecting RMMA and true SB epi-

sodes and in differentiating SB RMMA from other

oromotor activities. When the number of SB events

per hour was considered, the sensitivity and specific-

ity of the Bruxoff automatic were 92�3% and 91�6%,

respectively, while the sensitivity and specificity of

the Bruxoff manual, a visual scoring of the SB epi-

sodes similar to the PSG scoring, were 92�3% and

100%, respectively, when the cut-off was set at 4 SB

episodes per hour of sleep.

Findings from this study are hard to compare with

the literature data, as only a few other sEMG portable

devices have been compared with PSG. In Yamaguchi’s

work (24), a telemetric EMG device was compared with

standard sleep laboratory polysomnography with syn-

chronised audio-visual recording (PSG-AV) in eight

non-bruxers subjects. Results showed a high number of

false-positive detection, because the EMG device was

not able in differentiating RMMA from other oromotor

activities. Another device, the Bitestrip�¶ was com-

pared with PSG in two studies by Mainieri (25) and

Shochat (26) performed on bruxers. Results showed a

good sensitivity and positive predictive value, but a

poor accuracy to discriminate between RMMA and

other oromotor activities. Those studies also showed

high rates of false-negative findings, due to the differ-

ent thresholds adopted to identify RMMA with the por-

table device (30%MVC) and the PSG (10%MVC).

The main limitation of this study is that we have

not compared the Bruxoff device to a standard sleep

laboratory polysomnography with synchronised

audio-visual recording (PSG-AV). Thus, PSG-AV

recordings should be needed to fully confirm the

excellent results achieved with this study. Notwith-

standing that, the portable sEMG/ECG device under

assessment in this investigation proved to be suitable

for measuring what is purported to measure, viz. oro-

motor activity during sleep, and accurate for diagnos-

ing RMMA associated with SB, if PSG findings are

assumed as the reference standard.

Conclusions

In conclusion, Bruxoff was accurate to detect PSG-

diagnosed SB in two selected groups of bruxers and

non-bruxers. These findings are of special interest on

the way to the search for simplified approaches to the

diagnosis of SB.

Acknowledgments

The procedures were approved by the Lingotto Dental

School Ethic Committee (#20120098). All individuals

gave their informed consent in accordance with the

Helsinki Declaration. The research funding was pro-

vided by University of Torino. The authors do not

have any financial relation with Spes Medica or OT

Bioelettronica. The authors are sincerely grateful to

Dr. Lorenzo Sintoni for his precious assistance in the

PSG readings.

References

1. Lobbezoo F, Ahlberg J, Glaros A, Kato T, Koyano K, Lavigne

GJ et al. Bruxism defined and graded: an international con-

sensus. J Oral Rehabil. 2013;40:2–4.

2. Manfredini D, Lobbezoo F. Role of psychosocial factors in

the etiology of bruxism. J Orofac Pain. 2009;23:153–166.

(a) (b)

Fig. 5. (a) Contemporaneity of

sleep bruxism (SB) events scoring:

receiver operating characteristic

(ROC) curve analysis of the Bruxoff

automatic. Area under the

curve = 0�91, SE = 0�07, P < 0�0001;
(b) Contemporaneity of SB events

scoring: ROC curve analysis of the

Bruxoff manual. Area under the

curve = 0�89, SE = 0�08, P < 0�0001.

¶Scientific Laboratory Products, Ltd, Tel Aviv, Israel.

© 2014 John Wiley & Sons Ltd

T . C A S T R O F L O R I O et al.6



3. Lobbezoo F, Naeije M. Bruxism is mainly regulated cen-

trally, not peripherally. J Oral Rehabil. 2001;28:1085–1091.

4. Lavigne GJ, Kato T, Kolta A, Sessle BJ. Neurobiological

mechanisms involved in sleep bruxism. Crit Rev Oral Biol

Med. 2003;14:30–46.

5. Manfredini D, Winocur E, Guarda-Nardini L, Paesani D,

Lobbezoo F. Epidemiology of bruxism in adults. A system-

atic review of literature. J Orofac Pain. 2013;27:99–110.

6. Lavigne GJ, Khouri S, Abe S, Yamaguchi T, Raphael K.

Bruxism physiology and pathology: an overview for clini-

cians. J Oral Rehabil. 2008;35:476–494.

7. Manfredini D, Lobbezoo F. Relationship between bruxism

and temporomandibular disorders: a systematic review of lit-

erature from 1998 to 2008. Oral Surg Oral Med Oral Pathol

Oral Radiol Endod. 2010;109:e26–e50.

8. Lavigne GJ, Huynh N, Kato T, Okura K, Adachi K, Yao D

et al. Genesis of sleep bruxism: motor and autonomic-cardiac

interactions. Arch Oral Biol. 2007;52:381–384.

9. Farella M, Palla S, Gallo LM. Time-frequency analysis of

rhythmic masticatory muscle activty. Muscle Nerve.

2009;39:828–836.

10. Gallo LM, Lavigne G, Rompr�e P, Palla S. Reliability of scor-

ing EMG orofacial events: polysomnography compared with

ambulatory recordings. J Sleep Res. 1997;6:259–263.

11. Gallo LM, Gross SS, Palla S. Nocturnal masseter EMG activ-

ity of healthy subjects in a natural environment. J Dent

Res. 1999;78:1436–1444.

12. Manfredini D, Fabbri A, Peretta R, Guarda-Nardini L, Lobbe-

zoo F. Influence of psychological symptoms on home-

recorded sleep-time masticatory muscle activity in healthy

subjects. J Oral Rehabil. 2011;38:902–911.

13. Castroflorio T, Mesin L, Tartaglia GM, Sforza C, Farina D.

Use of electromyographic and electrocardiografic signals to

detect sleep bruxism in a natural environment. IEEE J Bio-

med Health Inform. 2013;17:994–1001.

14. Dworkin SF, LeResche L. Research diagnostic criteria for

temporomandibular disorders: review, criteria, examinations

and specifications, critique. J Craniomandib Disord.

1992;6:301–355.

15. Rompr�e PH, Daigle-Landry D, Guitard F, Montplaisir JY,

Lavigne GJ. Identification of a sleep bruxism subgroup with

a higher risk of pain. J Dent Res. 2007;86:837–842.

16. Ferber R, Millman R, Coppola M, Fleetham J, Murray CF,

Iber C et al. Portable recording in the assessment of obstruc-

tive sleep apnea. ASDA standards of practice. Sleep.

1994;17:378–392.

17. Farina D, Cescon C. Concentric-ring electrode systems for

noninvasive detection of singol motor unit activity. IEEE

Trans Biomed Eng. 2001;48:1326–1334.

18. Castroflorio T, Farina D, Bottin A, Piancino MG, Bracco P,

Merletti R. Surface EMG of jaw elevator muscles: effect of

electrode location and inter-electrode distance. J Oral Reha-

bil. 2005;32:411–417.

19. Carra MC, Huynh N, Lavigne G. Sleep bruxism: a compre-

hensive overview for the dental clinician interested in sleep

medicine. Dent Clin North Am. 2012;56:387–413.

20. Bland JM, Altman DG. Statistical methods for assessing

agreement between two methods of clinical measurement.

Lancet. 1986;327:307–310.

21. Metz CE. Basic principles of ROC analysis. Semin Nucl Med.

1978;8:283–298.

22. Bartko JJ. The intraclass correlation coefficient as a measure

of reliability. Psychol Rep. 1966;19:3–11.

23. Lavigne GJ, Rompr�e PH, Poirier G, Huard H, Kato T,

Montplaisir JY. Rhythmic masticatory muscle activity during

sleep in humans. J Dent Res. 2001;80:443–448.

24. Yamaguchi T, Abe S, Rompr�e PH, Manzini C, Lavigne GJ.

Comparison of ambulatory and polysomnographic recording

of jaw muscle activity during sleep in normal subjects.

J Oral Rehabil. 2012;39:2–10.

25. Mainieri VC, Saueressig AC, Pattussi MP, Fagondes SC,

Grossi ML. Validation of the Bitestrip versus polysomnogra-

phy in the diagnosis of patients with a clinical history of

sleep bruxism. Oral Surg Oral Med Oral Pathol Oral Radiol.

2012;113:612–617.

26. Shochat T, Gavish A, Arons E, Hadas N, Molotsky A, Lavie

P et al. Validation of the BiteStrip screener for sleep brux-

ism. Oral Surg Oral Med Oral Pathol Oral Radiol Endod.

2007;104:e32–e39.

Correspondence: T. Castroflorio, Department of Surgical Sciences,

Specialization School of Orthodontics, Dental School, University of

Torino, Via Nizza 230, 10100 Torino, Italy.

E-mail: tcastroflorio@libero.it

© 2014 John Wiley & Sons Ltd

D E T E C T I O N O F S L E E P B R U X I SM 7


