
1377Journal of Clinical Sleep Medicine, Vol. 14, No. 8 August 15, 2018

Study Objectives: To examine the presence of a first-night effect (FNE) and the level of internight variability in sleep bruxism (SB) activity when a self-
applicable electrode set is used in home polysomnography (PSG) in a sample of subjects with possible SB.
Methods: Fourteen females and two males aged 38.3 ± 9.1 years (mean ± standard deviation) with self-reported SB underwent home-PSG on three 
consecutive nights. The subjects applied PSG sensors themselves, including self-applicable electrode sets used to record sleep and masseter muscle 
activity. Repeated-measures analysis of variance was used to compare SB and sleep variables between the nights.
Results: Surprisingly, there were statistically significant elevations in the rhythmic masticatory muscle activity (RMMA) episode index (P = .009), burst index 
(P = .016), and bruxism time index (P = .049) throughout the course of 3 nights. More bruxers were diagnosed on the second (6 bruxers, ≥ 2 episodes/h) and 
third night (7 bruxers) compared to the first night (2 bruxers). Most subjects (14/16) had their highest RMMA index on the second or third night. The mean 
coefficient of variation for RMMA episode index was 50.7%. No statistically significant differences were detected in other sleep variables.
Conclusions: The results indicate that a FNE may be present in SB activity, possibly lasting several nights in some subjects. Furthermore, FNE appears to 
be combined with high internight variability of SB activity without indications of internight changes in sleep macrostructure. To confirm the level of ongoing SB 
activity, several nights of PSG may be required, especially in subjects with low first-night SB activity.
Commentary: A commentary on this article appears in this issue on page 1281.
Keywords: masticatory muscle, electromyography, electroencephalography, sleep disorder 
Citation: Miettinen T, Myllymaa K, Hukkanen T, Töyräs J, Sipilä K, Myllymaa S. Home polysomnography reveals a first-night effect in patients with low sleep 
bruxism activity. J Clin Sleep Med. 2018;14(8):1377–1386.

INTRODUCTION

Sleep bruxism (SB) is a sleep-related movement disorder, 
but the level of ongoing activity is generally considered chal-
lenging to quantify objectively and reliably.1 This involuntary 
sleep-time activity is conventionally associated with unwanted 
consequences as tooth wear, orofacial pain, headaches, tem-
poromandibular disorders, and disturbances in the quality of 
the bed partner’s sleep.2 The most recent exact definition of SB 
is “a repetitive jaw-muscle activity characterized by clenching 
or grinding of the teeth and/or by bracing or thrusting of the 
mandible” during sleep.3 The exact cause for SB is currently 
unknown. SB may be connected to sleep-disordered breathing 
in some patients when SB episodes follow a cortical arousal 
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that has terminated an airway obstruction event. SB has been 
hypothesized to be an autonomic solution to keep airways open 
whenever breathing is compromised during the night; however, 
evidence for this proposal is lacking.4,5 Lobbezoo et al. listed 
three levels of certainty related to the SB diagnosis, based on 
the methods that have been utilized. A possible SB diagnosis 
is based solely on patient self-reports and/or questionnaires.3 
A probable SB diagnosis includes also a clinical examination 
by a dentist.3 The definite assessment of SB diagnosis requires 
additional polysomnography (PSG) recordings in conjunction 
with application of all the aforementioned methods.3

In order to quantify SB activity in PSG, masseter and/or tem-
poral electromyography (EMG) is recorded to assess the number 
of episodes and bursts of rhythmic masticatory muscle activity 

BRIEF SUMMARY
Current Knowledge/Study Rationale: There are rather few reports assessing a first-night effect and internight variability in the activity of sleep 
bruxism (SB); this information is important because it would help to answer the question of how many nights of polysomnography (PSG) need to be 
recorded in order to reliably determine the level of ongoing SB activity.
Study Impact: The results of this study suggest that SB activity may have to be recorded for more than 1 night if one wishes to reliably diagnose 
patients in both clinical and research settings. In addition to influencing the methods for diagnosis in individual patients, this knowledge also has 
research implications (eg, in situations where the epidemiology of SB, the reliability of questionnaires or new treatment methods are being tested 
against PSG-quantified SB activity levels).
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(RMMA) exhibiting the characteristic EMG patterns of SB.1 
RMMA episodes can be divided to three distinct subtypes1: (1) 
Phasic RMMA episodes consisting of at least 3 EMG bursts 
lasting 0.25–2.00 seconds; (2) tonic RMMA episodes, which 
correspond to a single EMG burst that lasts over 2 seconds; and 
(3) mixed RMMA episodes that display the characteristics of 
both phasic and tonic RMMA. Phasic RMMA translates into 
grinding activity and tonic RMMA into clenching. Convention-
ally, RMMA episodes during sleep are estimated with respect 
to the total sleep time (TST) in order to form the RMMA epi-
sode index (EI), which is generally used to describe the ongoing 
activity of SB.1 Other similarly proportional parameters for SB 
activity are the burst index and the bruxism time index.1

PSG in a sleep laboratory is an accurate but unfortunately 
very expensive method for assessing SB activity in addition to 
being inconvenient and stressful to the patients. The availabil-
ity of sleep laboratory resources is restricted and usually allo-
cated for the diagnostics and research into sleep disorders with 
the most severe health consequences.6 Furthermore, because 
of the complexity and high costs of PSG, often only 1 night 
is assessed prior to making diagnostic decisions.7 Home-PSG 
(H-PSG) can be conducted in the patient’s own home and it is 
significantly more cost-effective8 and with some limitations,1 
represents a good alternative to laboratory PSG (L-PSG). How-
ever, the “first-night effect” (FNE) may weaken the reliability 
of all 1-night PSG recordings.

FNE is associated with abnormally poor sleep on the first 
night of PSG and characterized by lower sleep efficiency, 
shorter sleep time, longer sleep latency, and rapid eye move-
ment (REM) sleep latency and a decreased amount of REM 
sleep.9–13 The FNE has been proposed to be caused by sev-
eral different psychological and physical factors, including the 
anxiety related to the change in sleeping environment, the dis-
comfort caused by electrodes and other measurement devices, 
movement limitations because of cables, and the psychological 
consequences of being under scrutiny.9,14 The severity of the 
FNE is affected by the setting where the recording takes place; 
the quality of first night of sleep is more similar to following 
nights in H-PSG as compared to L-PSG, where FNE is more 
pronounced.14,15 Furthermore, there is also evidence that the 
FNE may actually last for more than 1 night.9 The existence of 
an FNE results in the need for several nights of recording, be-
cause the first recorded night may not be truly representative.

The FNE in patients with SB has not been studied extensively. 
Hasegawa et al.16 retrospectively studied SB and sleep variables 
in 16 young and otherwise healthy patients with SB over 2 con-
secutive nights of L-PSG. They concluded that 1 night of PSG 
would be sufficient for patients with SB and with high SB ac-
tivity; this would be evident in the first night but confirmation 
in patients with low SB activity would require an assessment 
also on the second night of PSG because of the high variabil-
ity in the SB activity. Other previous studies have examined 
mostly the variance in SB activity over different time spans and 
found that internight variance is higher in H-PSG than in L-
PSG.17–19 Based on the conflicting results in studies conducted 
with portable EMG devices, there is some uncertainty about 
the existence of an FNE in the home environment.20–22 This is 
partially because of a certain degree of unreliability associated 

with using only EMG to record SB activity, substantially limit-
ing the reliability of these published findings.

Currently, the evidence does not permit one to draw de-
finitive conclusions about the number of consecutive nights 
of recording needed for accurate estimation of SB activity. 
This knowledge is nevertheless crucial not only in diagnosing 
conditions in patients but also in research settings where the 
epidemiology of SB, the reliability of questionnaires, or new 
treatment methods will be tested against the PSG-quantified 
SB activity levels.

Because no systematic studies concerning the FNE of SB in 
H-PSG in consecutive nights exist, our aim in this study was to 
examine the presence of an FNE and to assess the variability of 
SB activity in H-PSG over the course of 3 consecutive nights. 
Our working hypothesis was that there would be no FNE and that 
the internight variance of SB activity would be high in H-PSG.

METHODS

Subjects
Forty-eight recordings in sets of 3 consecutive nights from 
16 subjects (14 females, 2 males) aged 38.3 ± 9.1 years 
(mean ± standard deviation) were included from the recordings 
of the initially recruited 24 subjects (Figure 1). All subjects 
were recruited either with an open call for volunteers, posted in 
the intrawebs of Kuopio University Hospital and University of 
Eastern Finland or by a recommendation to participate given 
by a dentist working in the dental clinic of the city of Kuopio.

The inclusion criterion for all recruited subjects was self-
reported SB, assessed with the first question of the Finnish 
version of Oral Behaviors Checklist (OBC-FIN)23 in the Diag-
nostic Criteria for Temporomandibular Disorders (DC/TMD) 
by Schiffman et al.24 (“How often do you clench or grind your 
teeth when asleep based on any information you have in the 
last month?”). A subject could be included in the study if he/
she answered that clenching or grinding occurred at least 1 
night every week in the past month. According to the discus-
sions with the subjects, the most common reasons for sub-
jects to suspect sleep-time clenching or grinding of the teeth 
included (not mutually exclusive): (1) the subject had pain in 
the teeth, jaw, or neck area in the morning; (2) the subject had 
unexplained headaches in the morning; and (3) the subject’s 
bed partner reported grinding sounds during the night. Twelve 
of the included subjects also had been informed by their den-
tist that they were displaying the characteristic signs of dental 
erosion reflecting the existence of bruxism in the past (ie, they 
were long-term users of occlusal splints for at least 3 months). 
The exclusion criteria based on an interview were: (1) any on-
going illness, disorder or medical condition in addition to SB; 
(2) use of any medication that possibly could affect sleep or mo-
tor behavior; (3) smoking or excessive use of alcohol; and (4) 
missing more than one posterior tooth (excluding third molars). 
All recruited subjects had daytime jobs with regular working 
hours and had a regular sleep schedule.

Eight of the recruited subjects were excluded from this study 
(Figure 1). Four subjects were excluded because of the reported 
use of a medication possibly affecting sleep during the study. 
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Two subjects were lost because of a recording equipment mal-
function leading to a loss of one of three consecutive record-
ings. One subject was lost because of a termination of the study 
as the subject caught a flu during the study. One subject was 
lost because of epileptic sleep activity detected in a recording.

The study protocol was reviewed by the Research Ethics 
Committee of the Hospital District of Northern Savo, Kuopio, 
Finland (favorable opinion: 34/2013) and permission was ob-
tained from the National Supervisory Authority for Welfare 
and Health (Valvira, 220/2013). Written informed consent was 
obtained from all subjects.

Recordings
H-PSG recordings were conducted on 3 consecutive nights for 
each participant, in order to take into account the possibility 
that FNE would last for more than 2 nights. These sets of three 
recordings took place between Monday and Thursday or be-
tween Tuesday and Friday in the middle of a normal working 
week when the subjects had a regular sleep schedule. The sub-
jects were given oral and written instructions with clear illustra-
tions for using the PSG equipment at home. The subjects were 

instructed not to use oral splints during the course of the study. 
The Nox A1 portable H-PSG system (Nox Medical, Reykjavík, 
Iceland) together with an ambulatory electrode set (Figure 2) 
were used to record masseter EMG bilaterally (MassL, MassR) 
to detect RMMA events. In our previous studies, the electrode 
set has shown good performance in H-PSG and high accuracy 
when quantifying the SB activity compared to L-PSG.25–27 Nox 
A1 recorded true audio, so that RMMA could be distinguished 
from other orofacial or movement events by listening to the 
recording. In addition, electroencephalography (Af8-T9, Af7-
T10, Fp2-T9, Fp1-T10), electrooculography (F8-T9, F7-T10), 
chin EMG (1-F, 2-F) and electrocardiography were recorded 
in order to determine sleep stages, TST, and cortical arous-
als during sleep. The subjects applied all of the equipment by 
themselves before going to sleep, and recording started auto-
matically at a predetermined time point.

Data Analysis
All 48 anonymized recordings from 16 included subjects were 
analyzed with Noxturnal software (version 4.4.2, Nox Medical) 
in randomized order. The first author (T.M.) analyzed RMMA 

Figure 1—Subject flow chart. 

There were 24 initially recruited subjects but 8 had to be excluded from this study. Of the 16 included subjects, 12 were long-term occlusal splint users (> 3 
months) and the other 4 had never used an occlusal splint.

Figure 2—The self-applicable electrode set used in this study. 

The electrode set, worn by one of the authors (T.M.) in the image to the right, consists of two sets of bipolar masseter electromyography electrodes (MassR 
x2, MassL x2), four electroencephalography electrodes (Af8, Fp2, Fp1, Af7), two electrooculography electrodes (F8, F7), three chin electromyography 
electrodes (SF, S1, S2), two electrocardiography electrodes (ECG1, ECG2), and two reference electrodes (T10, T9).
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events in masseter EMG signals according to the American 
Academy of Sleep Medicine (AASM) criteria.28 A burst event 
was scored whenever there was an elevation in masseter EMG 
activity that was at least twice the amplitude of background EMG 
and having duration of at least 0.25 seconds. A phasic RMMA 
event consisted of at least three bursts, each lasting 0.25 to 2.00 
seconds and with maximum of 3 seconds in between each con-
secutive burst. A tonic RMMA event consisted of one sustained 
burst lasting longer than 2 seconds. A mixed RMMA event had 
a minimum of three bursts with any duration within 3 seconds of 
each other. RMMA events were distinguished from other orofa-
cial or muscular activities such as swallowing and sleep talking 
by listening to the concomitant audio recordings. RMMA events 
occurring during wakefulness were excluded from the analysis. 
Sleep stages and cortical arousals were scored in accordance 
with AASM guidelines28 by an expert technologist (Seppo Sil-
vennoinen, Oivauni Oy, Kuopio, Finland). We used the rule for 
scoring N1 sleep in subjects who do not create an alpha rhythm28 
because the recording montage did not include occipital elec-
trodes that are necessary for the recognition of an alpha rhythm.

All event indices were calculated as the number of events 
per TST. The bruxism time index was determined as the total 
duration of RMMA episodes divided with TST. Total record-
ing time (TRT) was defined as the time between the subject go-
ing to bed (BT) and the time of final awakening in the morning 
(WT). BT was set as the earliest time point when the continu-
ous movement activity in the recording ceased before falling 
asleep close to the subject’s reported time of going to sleep. 
Sleep efficiency was defined as TST divided by TRT. Sleep la-
tency was calculated between BT and beginning of the first 
30 second epoch scored as sleep (ST). Similarly, REM latency 
was calculated between ST and first epoch scored as REM 
sleep. Wake after sleep onset represented the intermittent time 
spent awake between ST and WT.

Statistical Analysis
One-way repeated-measures analysis of variance (RM-
ANOVA) was used for internight comparison of all SB and 
sleep-related variables among all subjects. Two-way RM-
ANOVA was used to investigate whether there were any dif-
ferences in SB variables between occlusal splint users and 
nonusers, and in addition between subjects in whom bruxism 
was diagnosed (based on RMMA index, in any of the 3 nights) 
and those without bruxism. The normality of the data distribu-
tion was verified by using Shapiro-Wilk test. In the case of data 
being non-normally distributed, logarithmic transformation 
was performed before conducting the comparisons. The coef-
ficient of variation (CV) was used to estimate night-to-night 
variability of the RMMA episode indices. Threshold for sta-
tistical significance was P = .05. All statistical analyses were 
conducted with SPSS software (version 21.0; SPSS, Chicago, 
Illinois, United States).

RESULTS

RM-ANOVA detected a statistically significant difference 
in the three SB variables between the three recorded nights 

(Table 1): RMMA EI (P = .009), bruxism time index (P = .016), 
and burst index (P = .049). Most of the subjects in this study 
had a low RMMA index on the first night of the study (1.2 ± 1.2 
episodes/h, mean ± standard deviation) and post hoc pairwise 
Bonferroni test revealed significantly higher RMMA episode 
indices on the second night (1.8 ± 1.3 episodes/h, P = .048) and 
on the third night (1.9 ± 1.4 episodes/h, P = .039) (Table 1). 
Bruxism time index and the burst index displayed nonsignifi-
cant differences between the nights in pairwise post hoc tests. 
No statistically significant differences between nights were 
found with respect to the sleep variables.

Intrasubject variability of RMMA EI ranged from 14.6% 
to 73.7%, the mean CV being 50.7% (Table 2). Most subjects 
(14/16) had their highest RMMA EI on the second (9/16) or 
third night (7/16) of the study (Table 2, Figure 3, two subjects 
had the same EI on both nights). Most subjects (11/16) had their 
lowest RMMA EI in the first night. In 75% of the subjects the 
RMMA EI was higher on the second night and in 81% of the 
subjects on the third night compared to the first night.

In all, 9/16 subjects met criteria for SB on at least 1 of the 
nights (Table 2) when ≥ 2 and < 4 episodes/h were used as the 
criteria for low-frequency and ≥ 4 episodes/h as that for high-
frequency SB diagnosis.1 Only two of the bruxers met criteria 
on the first night (Figure 4, Table 2), whereas six bruxers did 
on night 2 and seven bruxers did on night 3 (two of the bruxers 
had positive results on every night and another two on both of 
the last two nights). Only 2/9 subjects met criteria for high-fre-
quency SB (both of them also for low-frequency SB on another 
night) and 7/9 met criteria for low-frequency SB (but not high-
frequency SB) on at least 1 of the nights.

No statistically significant two-way interactions were found 
between the night of recording and groups of bruxers and 
nonbruxers in any of the SB variables (Table 3). A statisti-
cally significant difference between the two groups was found 
in RMMA EI (P < .001), bruxism time index (P < .001) and 
burst index (P = .005).

No two-way interactions between the night of recording and 
the groups of occlusal splint users and non-users were found 
(Table 4), nor were any statistically significant group differ-
ences detected.

Based on the diagnostic grading system devised by Lob-
bezoo et al.3 and the OBC-FIN questionnaire,23 all 16 included 
subjects fulfilled the criteria of a “possible” bruxer. Of these 
16 “possible” bruxers, 9 would be classified as “definite” brux-
ers based on PSG results on at least 1 of the nights if a clinical 
examination by a dentist would yield positive results in regard 
to SB.

DISCUSSION

Our results provide evidence that an FNE might exist in SB 
activity with patients having low SB activity level. Not only is 
there a statistically significant elevation in the RMMA EI on 
the course of 3 nights, but also the fact that most subjects (14/16) 
displayed their highest RMMA EI in the second or third night 
supports the existence of an FNE in SB activity. However, no 
observable FNE was found in other sleep variables. This may 
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indicate that the physiological mechanisms behind SB activity 
are more sensitive than those behind actual sleep with respect 

to the physical and/or psychological changes in the sleeping 
environment. However, the number of subjects was rather low, 

Table 1—Sleep bruxism and other sleep variables in the 3 consecutive nights.

 
Night 1

(mean ± SD)
Night 2

(mean ± SD)
Night 3

(mean ± SD)
P

(RM-ANOVA) df F
Sleep Bruxism Variables

RMMA episode index a (episodes/h) 1.2 ± 1.2 1.8 ± 1.3 1.9 ± 1.4 .009 c 2 5.5
RMMA episode average duration a (seconds) 4.5 ± 2.4 4.5 ± 0.8 4.8 ± 1.8 .582 2 0.6
Bruxism time index a (%) 0.18 ± 0.24 0.23 ± 0.18 0.27 ± 0.26 .016 d 2 4.7
Burst index a (bursts/h) 6.9 ± 4.4 8.8 ± 5.2 10.8 ± 7.6 .049 e 2 3.3
Burst average duration a (seconds) 1.1 ± 0.6 1.0 ± 0.5 1.0 ± 0.5 .078 2 2.8

Sleep Variables
Total sleep time (minutes) 403.9 ± 63.2 410.0 ± 62.2 391.1 ± 62.0 .596 2 0.5
Total recording time b (minutes) 450.6 ± 70.4 440.1 ± 57.7 425.7 ± 52.2 .352 2 1.1
Sleep latency b (minutes) 12.0 ± 7.5 8.3 ± 5.5 11.7 ± 8.7 .208 2 1.7
REM sleep latency a (minutes) 90.7 ± 31.9 99.1 ± 42.5 90.1 ± 34.9 .752 2 0.3
Wake after sleep onset a (minutes) 34.4 ± 19.8 31.1 ± 19.6 27.7 ± 22.6 .668 2 0.4
Sleep efficiency b (%) 89.2 ± 5.1 90.8 ± 4.9 90.0 ± 7.9 .767 2 0.3
Stage N1 sleep a (%) 9.7 ± 5.4 10.6 ± 4.9 9.7 ± 4.8 .306 2 1.2
Stage N2 sleep (%) 45.4 ± 6.5 44.3 ± 6.2 44.3 ± 6.0 .807 2 0.2
Stage N3 sleep (%) 23.2 ± 9.6 25.0 ± 6.9 25.3 ± 7.2 .551 2 0.6
Stage R sleep (%) 21.9 ± 4.1 20.1 ± 4.7 20.7 ± 5.1 .495 2 0.7
Arousal index (events/h) 9.1 ± 3.2 10.5 ± 4.0 9.8 ± 3.8 .189 2 1.8
Awakening index (events/h) 3.2 ± 1.8 3.2 ± 1.0 3.3 ± 1.1 .970 2 0.0
Sleep stage shift index (shifts/h) 15.6 ± 5.4 17.3 ± 4.1 16.7 ± 5.0 .299 2 1.3

A statistically significant difference was found between the 3 nights in RMMA episode index, bruxism time index, and burst index, indicating a possible 
first-night effect in sleep bruxism in bruxers with low bruxism activity. Sleep variables exhibited no statistically significant differences between the 3 nights. 
n = 16, if not mentioned otherwise. Superscript letters indicate: a = log transformed for comparisons, b = two subjects (6 and 7) had gone to bed but had 
not fallen asleep before the recording initialized in at least 1 of the 3 nights and thus were excluded from these variables (n = 14), c = post hoc statistical 
significance between nights 1 and 2 (P = .048) and 1 and 3 (P = .039), d = post hoc near statistical significance between nights 1 and 3 (P = .068), e = post 
hoc near statistical significance between nights 1 and 3 (P = .086). REM = rapid eye movement, RMMA = rhythmic masticatory muscle activity, SD = 
standard deviation.

Figure 3—Rhythmic masticatory muscle activity (RMMA) episode indices, bruxism time indices and burst indices, of each 
subject during the 3 nights. 

The threshold value for low-frequency sleep bruxism diagnosis (2 episodes/h) is illustrated as a horizontal line in the first graph. There is extensive variance 
in episode indices between the nights in the individual subjects (mean of individual coefficient of variance (CV) 50.7 %, min 14.6 %, max 73.7 %).
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making it difficult to draw definite conclusions, and the out-
comes need to be viewed with caution.

Internight variability of SB activity was extensive, as hy-
pothesized. The higher mean CV of 50.7% compared to the 
earlier reported CVs of 30%,16 25%,17 and 22%18 in L-PSG and 
37%19 in H-PSG may be partially explained by the higher vari-
ability in the domestic setting, but it should be noted that CV 
is also affected by low level of SB activity. If the mean value of 
the variable is low, then the CV tends to be high with the same 
standard deviation, because CV = standard deviation / mean.

Our hypothesis that there would be no FNE in SB sub-
jects in H-PSG seems to be incorrect. Apparently, the fa-
miliarity of the domestic environment may not be enough 
to prevent the occurrence of an FNE in subjects with low 
SB activity. This result is in line with the study of Ikeda et 
al.,20 in which patients used an EMG-based device in their 
home and a steady increase was observed in the RMMA 
EI over the course of 4 nights. The results are also in line 
with the report of Hasegawa et al.16 in the case of subjects 
with low-frequency SB. In that study, six out of eight (75%) 
subject with low-frequency SB had a higher RMMA EI 
on night 2 as compared to night 1. However, our results 
suggest that the FNE affects not only low-frequency brux-
ers but also nonbruxers, because no two-way interactions 
were found between the recorded nights and the two groups 
(bruxers and nonbruxers), and also because most nonbrux-
ers (5/7) had their lowest RMMA EI on the first night. The 
main difference between the groups is that the effect of 
FNE was significant enough in the bruxer group so that 
in new subjects the diagnosis was made also on the second 
and third nights.

Figure 4—Number of subjects in whom a diagnosis was 
made on each recorded night. 

On the first night, only two subjects met criteria for sleep bruxism (> 2 
RMMA episodes/h). Six subjects met criteria for sleep bruxism on the 
second night and seven subjects on the third night. Both of the subjects 
that met criteria on the first night, also met criteria on nights 2 and 3 
(illustrated with the black bar). Two of the four subjects that met criteria 
for the first time on the second night also met criteria on the third night 
(gray bar).

Table 2—Subject demographics, episode indices, and internight coefficient of variations for the episode indices. 

Subject 
Number Age (years) Sex

Long-Term OS 
User*

Episode Index (episodes/h)
CV (%)Night 1 Night 2 Night 3 Mean

1 39 F No 1.7 3.9† 3.1 2.9 38.4
2 25 F Yes 0.9 0.9 2.9† 1.6 73.7
3 42 M No 5.2† 3.8 4.4 4.5 15.7
4 42 F Yes 0.1 0.4 0.4 0.3 57.7
5 48 F Yes 1.1 2.2† 1.4 1.6 36.3
6 51 F No 0.1 0.4 0.3 0.3 57.3
7 24 F Yes 1.6 1.1 2.7† 1.8 45.5
8 45 M Yes 0.6 1.3 2.7† 1.5 69.7
9 34 F Yes 0.9 3.1† 1.8 1.9 57.2
10 48 F Yes 1.0 1.5 1.3 1.3 19.9
11 33 F Yes 2.3† 3.0 3.0 2.8 14.6
12 24 F Yes 0.7 1.0 0.2 0.6 63.8
13 33 F No 1.0 3.6† 4.1 2.9 57.4
14 28 F Yes 1.8 0.4 0.8 1.0 72.1
15 47 F Yes 0.2 0.5 1.0 0.6 71.3
16 41 F Yes 0.3 1.1 0.6 0.7 60.6

Subject’s age, sex, long-term usage of OS, RMMA episode indices for nights 1, 2, and 3, mean and internight CV for the episode index. Most subjects 
(14/16) had their highest episode index on the second or third night, and only 2/16 on the first night. A total of 9/16 subjects were diagnosed with SB on at 
least one of the nights when ≥ 2 RMMA episodes/h was used as the criterion for positive diagnosis. Only 2/9 subjects were diagnosed for the first time 
with SB based on the first night, 4/9 subjects were diagnosed for the first time with SB based on the second night’s monitoring and 3/9 new subjects were 
detected based on the third night. * = yes: subject has been a long-term frequent user of an occlusal splint (from 3 months to 22 years); no: not using occlusal 
splints at all. † = first night leading to positive SB diagnosis. The night with highest episode index of each subject is in bold. CV = coefficient of variation, 
OS = occlusal splint, RMMA = rhythmic masticatory muscle activity SB = sleep bruxism.
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Table 3—Sleep bruxism variables over 3 consecutive nights in the bruxer group (n = 9) and the nonbruxer group (n = 7).
 Night 1 

(mean ± SD)
Night 2 

(mean ± SD)
Night 3 

(mean ± SD) Time b Group c Interaction d

RMMA Episode Index a (episodes/h) .010 e  < .001 .611
Bruxers 1.7 ± 1.4 2.5 ± 1.2 2.9 ± 1.0
Nonbruxers 0.6 ± 0.6 0.8 ± 0.4 0.7 ± 0.4

RMMA Episode Average Duration a (seconds) .525 .177 .616
Bruxers 5.1 ± 2.9 4.7 ± 0.5 4.9 ± 1.6
Nonbruxers 3.7 ± 1.5 4.2 ± 1.1 4.6 ± 2.2

Bruxism Time Index a  (%) .020 f  < .001 .647
Bruxers 0.27 ± 0.29 0.33 ± 0.16 0.42 ± 0.25
Nonbruxers 0.07 ± 0.08 0.09 ± 0.06 0.07 ± 0.04

Burst Index a (%) .075 .005 .268
Bruxers 8.2 ± 5.0 11.7 ± 5.4 14.9 ± 7.8
Nonbruxers 5.2 ± 3.0 5.2 ± 1.6 5.5 ± 2.3

Burst Average Duration a (seconds) .106 .258 .367
Bruxers 1.3 ± 0.7 1.1 ± 0.7 1.1 ± 0.6
Nonbruxers 0.8 ± 0.2 0.8 ± 0.2 0.8 ± 0.2

There were no statistically significant two-way interactions between time (night of recording) and group (bruxer or nonbruxer) in any of the sleep bruxism 
variables (RM-ANOVA). A statistically significant difference was found between the nights in RMMA episode index and bruxism time index. There were 
statistically significant differences between the groups in RMMA episode index, bruxism time index, and burst index. Superscript letters indicate: a = log-
transformed for comparisons, b = P value across the 3 nights in RM-ANOVA c = P value between bruxer and non-bruxer groups in RM-ANOVA, d = P value 
of the interaction between time and group with RM-ANOVA, e = post hoc statistical significance between nights 1 and 2 (P = .048) and between nights 1 
and 3 (P = .049), f = post hoc near statistical significance between nights 1 and 3 (P = .092). Time = P value for time main-effect two-way RM-ANOVA. 
RM-ANOVA = two-way repeated-measures analysis of variance, RMMA = rhythmic masticatory muscle activity, SD = standard deviation.

Table 4—Sleep bruxism variables over 3 consecutive nights in the occlusal splint user group (n = 12) and the nonuser group 
(n = 4).

 Night 1 
(mean ± SD)

Night 2 
(mean ± SD)

Night 3 
(mean ± SD) Time b Group c Interaction d

RMMA Episode Index a (episodes/h) .014e .329 .755
Occlusal splint users 1.0 ± 0.7 1.3 ± 0.9 1.6 ± 1.0
Nonusers 2.0 ± 2.2 2.9 ± 1.7 3.0 ± 1.9

RMMA Episode Average Duration a (seconds) .340 .478 .713
Occlusal splint users 4.8 ± 2.7 4.5 ± 0.7 4.6 ± 1.7
Nonusers 3.7 ± 1.4 4.3 ± 1.0 5.2 ± 2.4

Bruxism Time Index a (%) .016f .424 .631
Occlusal splint users 0.16 ± 0.21 0.17 ± 0.12 0.18 ± 0.13
Nonusers 0.26 ± 0.34 0.38 ± 0.24 0.51 ± 0.40

Burst Index a (%) .104 .108 .991
Occlusal splint users 6.3 ± 4.3 7.5 ± 1.3 9.0 ± 5.5
Nonusers 8.8 ± 4.8 12.8 ± 7.9 16.0 ± 11.4

Burst Average Duration a (seconds) .472 .921 .224
Occlusal splint users 1.2 ± 0.6 0.9 ± 0.4 0.9 ± 0.4
Nonusers 1.0 ± 0.5 1.2 ± 0.9 1.0 ± 0.7

There were no statistically significant two-way interactions between time (night of recording) and group (occlusal splint user or nonuser) in any of the sleep 
bruxism variables (RM-ANOVA). A statistically significant difference was detected between the nights in RMMA episode index and bruxism time index. No 
statistically significant differences were found between the groups. Superscript letters indicate: a = log transformed for comparisons, b = P value across 
the 3 nights in RM-ANOVA, c = P value between occlusal splint user and nonuser groups in RM-ANOVA, d = P value of the interaction between time and 
group with RM-ANOVA, e = post hoc near statistical significance between nights 1 and 3 (P = .054) and between nights 1 and 2 (P = .059), f = post hoc near 
statistical significance between nights 1 and 3 (P = .067). RM-ANOVA = two-way repeated-measures analysis of variance, RMMA = rhythmic masticatory 
muscle activity, SD = standard deviation.

Hasegawa et al.16 recommended that in clinical practice 
when the first night of PSG revealed signs of low frequency 

SB, the recording should be repeated to confirm the level of SB 
activity. However, instead of the repetition being only because 
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of the high intrinsic variability of SB activity, our findings 
seem to support the concept that the repetition of recordings 
for at least 3 nights might actually be needed because of a de-
layed FNE in some patients. Recording should be repeated in 
patients diagnosed with low-frequency SB and also in those 
patients who show nonbruxer levels of bruxism activity on the 
first night. In concordance with Hasegawa et al.,16 our results 
indicate that there might exist a subgroup of patients with SB 
who are more susceptible to FNE and are at an increased risk 
of misdiagnosis if only a single night of PSG is recorded. This 
should be taken into account when making diagnostic deci-
sions based on PSG.

The implications of our findings could be even more cru-
cial in research settings. False conclusions may be drawn if one 
only has a single night of PSG recording because it is possible 
that this will not represent the subjects’ levels of RMMA dur-
ing normal nights of sleep. Thus here, if only 1 night of PSG 
had been utilized for assessing the SB activity of the subjects, 
most subjects (11/16) would have had their lowest RMMA in-
dex on that night. With those patients who are more susceptible 
for disturbances in the sleeping environment and suffer from a 
delayed FNE or have higher variability of SB activity, several 
nights of PSG invariably will be needed to allow acclimation to 
the PSG setting and in that way, to diminish the effect of these 
disturbances on the results. It should be noted that the existence 
of a delayed FNE in some subjects might even explain some re-
cent findings that self-reported SB and many clinical signs and 
symptoms correspond poorly with the results of PSG.29,30 This 
poor correspondence was demonstrated in our study as only 2 
of the 16 “possible” bruxer subjects were diagnosed (for the first 
time) on the first night, whereas 4 more of them were diagnosed 
on the second night and an additional 3 on the third night.

One factor that may explain why indications a of FNE were 
observed in this study, even though H-PSG should show less 
FNE, is that the subjects were rather old (eg, significantly older 
than in the study by Hasegawa et al.16). Generally, the severity 
of FNE increases with older age.31 Different medical conditions 
may also affect the severity of FNE.7 Because medical condi-
tions were currently controlled only by the means of interview, 
it is possible that some factors (eg, concomitant conditions) 
may have been missed. In the literature, there are no indica-
tions suggesting that the SB activity1,32 or FNE severity9,33 
might be affected by sex. Nevertheless, the results presented 
here concerning FNE in SB activity should be confirmed in a 
population with a more representative sex distribution before 
generalizing the results to both sexes, as our study population 
consisted of only 2 males and 14 females.

There are a few other drawbacks and limitations in this 
study. We did not control for caffeine or alcohol intake of the 
subjects, which may have affected the results. Although we 
used audio recordings to distinguish RMMA from other noc-
turnal activities, we did not record video in H-PSG to confirm 
the SB episodes. Furthermore, the microphone in the Nox A1 
PSG system is placed inside the recording unit, which is posi-
tioned on the chest during the recording. This causes the micro-
phone occasionally to be covered by a blanket when the subject 
is sleeping. This may have affected the accuracy of RMMA 
scoring if audible teeth grinding or other orofacial activities 

such as swallowing would have been missed because of the 
suppressing effect of the blanket. Twelve subjects were long-
term (> 3 months) users of occlusal splints and stopped their 
usage only for the duration of this study. Although it is recog-
nized that occlusal splints inhibit SB activity over the short 
term, their effect usually diminishes after 2 weeks of use.34 
Therefore, it is possible, but unlikely, that this may have af-
fected the results, because it is also known that at least after the 
short-term use of occlusal splints RMMA activity returns to 
normal levels immediately when their use is discontinued.35–37 
However, no statistically significant differences were found be-
tween the groups of occlusal splint users and nonusers in the 
current study. Although the nonusers showed a trend toward 
generally higher values in the SB variables, no difference was 
detected with respect to FNE. Nevertheless, this confounding 
factor could have been avoided by including the use of occlusal 
appliances in the exclusion criteria or implementing a washout 
period for the users before the initiation of the 3-night study 
period.

Because the FNE severity may depend on the subjects, re-
cording environment, and devices that are used, more research 
will be required to gain more in-depth knowledge of FNE in 
all settings where diagnostics or research are being conducted. 
The recording environments and devices should be separately 
tested for the FNE and for a duration longer than 2 nights due to 
the possibility of a delayed FNE. Furthermore, it would be ben-
eficial if one could identify the characteristics of those possible 
individuals who are more susceptible to an FNE; in that way, 
one could predict beforehand the need for several recording 
nights. It has been proposed that one can take better account of 
the variability of SB in diagnostics by the implementation of 
cutoff bands for SB diagnosis.19 If such cutoff bands are intro-
duced, we would like to emphasize that a comprehensive study 
not only of the variability of SB but also of the FNE should be 
conducted and taken into account in every device and environ-
ment separately. In order to overcome the problem of the FNE 
and internight variability, comfortable self-applicable devices 
could be worn for several nights with the more cost-efficient 
H-PSG, even though it may not fully prevent the occurrence of 
an FNE. In the future, psychological approaches to overcome 
FNE should also be investigated because FNE seems to exist to 
a certain extent even when simple and more comfortable EMG 
devices are used.20 One possibility to overcome the problem of 
numerous nights of consecutive PSG because of FNE would 
be to use “dummy” electrodes and devices for the preceding 
nights in the home environment to allow the patient to become 
accustomed to the devices before the actual recording.

Because we found indications of FNE and high variability of 
RMMA activity in SB subjects with low SB activity, we agree 
with Hasegawa et al.16 that PSG of patients with low-frequency 
SB should be repeated because of the possible underestimation 
of the activity levels. Based on our results, this should be done 
also in the case of a patient displaying sub-threshold level of 
SB activity. The sleep itself appears to be unaffected by the 
FNE and only SB activity seems to be significantly lower on 
the first night—or the first 2 nights—in subjects with low SB 
activity. On the basis of these results, we would like to em-
phasize the need for at least 3 consecutive nights of PSG in 
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any research or diagnostic setting in order to take into account 
both the FNE and the varying nature of SB and thus achieve a 
“super-definite” diagnosis. By taking FNE better into account 
in the future, subgroups suffering from FNE and the number of 
recorded nights needed for accurate estimation of SB activity 
should be identified and recording procedures should be fur-
ther refined. If one wishes to minimize the FNE and to enable 
several nights of recordings, we suggest that PSG could be con-
ducted with the more cost-efficient H-PSG with self-applicable 
unobtrusive and comfortable sensors.

ABBRE VI ATIONS

AASM, American Academy of Sleep Medicine
BT, time of going to bed
CV, coefficient of variation
DC/TMD, diagnostic criteria for temporomandibular 

disorders
EI, episode index
EMG, electromyography
FNE, first-night effect
H-PSG, home polysomnography
L-PSG, laboratory polysomnography
OBC, oral behavior checklist
PSG, polysomnography
REM, rapid eye movement
RM-ANOVA, repeated measures analysis of variance
RMMA, rhythmic masticatory muscle activity
SB, sleep bruxism
ST, time of the beginning of the first 30-second epoch scored 

as sleep
TRT, total recording time
TST, total sleep time
WT, time of final awakening in the morning
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