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Abstract

a pain-related diagnosis (N = 113).

Background: This study assessed the dimensional structure of sleep quality with the Pittsburgh Sleep Quality Index
(PSQI) and investigated its psychometric properties in cases with temporomandibular disorders (TMD).

Methods: A convenience sample of 609 TMD cases (age: 37.1 £ 13.1 yrs, 18-67 yrs, 85% female) of the multi-center
Validation Project meeting Research Diagnostic Criteria for Temporomandibular Disorders (RDC/TMD) and with
sufficient PSQI data were included in this study. To investigate PSQI scores’ dimensionality, exploratory factor
analysis was used. Factors were identified using the Scree plot. To investigate internal consistency, Cronbach’s
alpha was calculated. Analyses were separately performed for TMD cases with (N =496) and TMD cases without

Results: The mean PSQI score for all TMD cases was 7.1 +4.0 units, range: 0-19. The exploratory factor analysis
identified one factor for cases with at least one pain-related TMD diagnosis as well as one factor for cases with a
pain-free TMD diagnosis that explained 41% of the variance in cases with pain-related TMD and 37% in cases with
pain-free TMD. Internal consistency for PSQI scores was alpha of 0.75 in cases with pain-related TMD, alpha of 0.66
in cases with pain-free TMD and alpha = 0.75 for all TMD cases.

Conclusions: Sleep quality in TMD patients is a unidimensional construct and can therefore be represented by one
summary score; a finding that is in line with previous reports in TMD patients.

Keywords: Temporomandibular disorders, Sleep disorders, Factor analysis, Psychometrics, Reliability and validity,
Orofacial pain, Chronic pain, Self-assessment, Questionnaires, Quality of life

Background

Temporomandibular disorders (TMD) are the umbrella
term encompassing mostly chronic pain conditions in-
volving the masticatory muscles, temporomandibular joint
(TM]J) an associated structures. More than half of the pa-
tients with chronic pain conditions report poor sleep qual-
ity [1]. Studies show that disruption of sleep exacerbates
pain and, conversely, pain contributes to sleep disturbance
[1]. Therefore, impaired sleep quality can contribute sub-
stantially to the suffering of chronic pain patients because
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the sleep disorders are associated with significant quality
of life impairments. Patients with TMD pain are no excep-
tion. They frequently suffer from chronic orofacial pain
and also have comorbid sleep disorders [2]. They com-
monly report poor SQ (up to 90%) [2]. Since sleep distur-
bances have been associated with poor treatment
outcomes in the TMD patients [3], the assessment of sleep
quality needs to be a part of the comprehensive evaluation
of this patient population.

Subjective sleep assessment is challenging and ideally
provides data on at least four characteristics of sleep:
sleep initiation, sleep maintenance, sleep adequacy, and
daytime somnolence. Whereas polysomnography is an
objective measure of biophysiological sleep parameters,
sleep quality is usually assessed using self-report. There
are a number of patient-reported outcome instruments
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that measure various aspects of sleep quality. Seven of
these instruments assess the four sleep characteristics
noted above: Basic Nordic Sleep Questionnaire, Leeds
Sleep Evaluation Questionnaire, Medical Outcomes Study
Sleep Scale, Pittsburgh Sleep Diary, Sleep Dissatisfaction
Questionnaire, Self-Rated Sleep Questionnaire, and the
Pittsburgh Sleep Quality Index (PSQI) [4].

Since the introduction of the PSQI in 1989 by Buysse
et al. [5] to measure sleep quality among adult psychiatric
patients, this instrument has been employed in numerous
other patient populations including cancer, traumatic
brain injury and chronic pain patients in over 2,200 pub-
lished studies. The PSQI is composed of 19 items, which
are combined into seven components that are summa-
rized into a global score that represents a unidimensional
sleep quality construct [5]. However, five recent studies
[6-10] have questioned the appropriateness of using only
the global score. In 2006, Cole et al. examined PSQI
structure by exploratory and confirmatory factor analysis
in healthy and depressed elderly adults and showed initial
evidence that a single global PSQI score did not capture
the multidimensional nature of sleep disturbances when
examined by PSQI [6]. Subsequently, four other studies
explored the dimensionality of the PSQI and reported that
a two- and three- factor scoring model for the PSQI were
better to assess sleep quality compared to the originally
proposed single-factor model (Table 1) [5].

In a sample of Nigerian university students, a three-
factor model of the PSQI was identified [7], but the factors
differed from Cole’s et al. study making comparisons diffi-
cult. A study assessing sleep quality in Australian adults
also suggested two- and three-factor scoring models [8].
A three-factor model of the PSQI was also found to have
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a better fit in a sample of renal transplant recipients [9] as
well as in a sample of chronic fatigue syndrome patients
[10]. Cole et al. found that the PSQI factor structure has
three separate factors, that is, dimensions of sleep efficiency,
perceived sleep quality, and daily disturbances and these
are reported as 3 separate scores [6].

While both two-factor and three-factor models have
been reported, studies which assessed self-reported sleep
disturbances of the TMD patients used a global PSQI
score [2,11-14]. These findings indicate that the factor
structure of this instrument in TMD patients needs to be
further investigated. In particular, it is uncertain how
many PSQI scores are needed to characterize sleep quality
in this patient population. Moreover, the psychometric
properties of the PSQI used in TMD studies are also
unknown. This is important because the use of an instru-
ment in a specific patient population is justified only if
these properties are known.

The aim of this study was to assess the dimensionality
and the psychometric properties of reliability and valid-
ity for the PSQI in cases with pain-related TMD and in
cases with pain-free TMD.

Methods

Subjects

This study is a secondary data analysis, selecting from the
614 TMD cases of the multi-center RDC/TMD Validation
Project [15] the 609 TMD cases with at least one RDC/
TMD diagnosis [16] and a maximum of one missing PSQI
question. To classify TMD cases, the RDC/TMD protocol
provides criteria for classifying patients into pain-related
TMD and pain-free TMD. Pain-related diagnoses include
myofascial pain, temporomandibular joint (TM]J) arthralgia

Table 1 Published studies investigating two- or three- factor scoring models for the Pittsburgh Sleep Quality Index

with samples description

Study Sample N

N of factors

Dimensions labels

Cole et al. [6] USA community-dwelling depressed 417

and nondepressed adults > 60 years

Aloba et al. [7] Nigerian university students 520

Magee et al. [8] Australian adults aged 18 to 59 years 364

Burkhalter et al. [9] Swiss renal transplant recipients 135
Mariman et al. [10] Belgian chronic fatigue syndrome 413
patients

Three-factor

Three-factor

Two- and
three-factor

Three-factor

Three-factor

Sleep Efficiency (sleep duration, habitual sleep efficiency)

Perceived Sleep Quality (subjective sleep quality, sleep latency,
use of sleep medication)

Daily Disturbances (sleep disturbances, daytime dysfunction)

First factor (subjective sleep quality, sleep latency, habitual sleep
efficiency, sleep disturbances, use of sleep medication)

Second factor (sleep duration and sleep disturbances)

Third factor (subjective sleep quality, habitual sleep efficiency,
use of sleep medication)

Same factors as Cole et al. for the three- and without Daily
Disturbances for the two-factor model

Same factors as Cole et al. [6]

Same factors as Cole et al. [6]

The individual study’s suggested PSQI dimensions labels are written in italic and bold text and the original PSQI components belonging to each suggested

dimension are listed in parentheses after each dimension label.
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and TM]J osteoarthritis. Other diagnoses include osteoar-
throsis and disc displacements, the latter with and
without pain. The RDC/TMD is the most commonly
used taxonomic classification system and use of it allows
comparison with other TMD studies [15].

Cases represented a convenience sample that was
recruited from both clinic and community sources (85%
female, age: 37.1 £ 13.1 years). Details of the study cases
and the settings have been previously reported [15]. Insti-
tutional review board's ethic approval was obtained at each
of the three study sites (the University of Minnesota, the
University of Washington, and the University at Buffalo)
prior to initiating the RDC/TMD Validation Project [15].

The study sample of 609 TMD cases was further
divided into two groups according to the presence or
absence of at least one RDC/TMD pain-related diagno-
sis. The 496 pain-related TMD cases had at least one
RDC/TMD diagnosis of myofascial pain and/or arth-
ralgia and/or osteoarthritis. The second group of 113
TMD cases had RDC/TMD diagnosis of pain-free TM]
disc displacement and/or osteoarthrosis.

A subset of the RDC validation study cases [15] (N = 64)
had retest PSQI data that were collected two weeks after
the baseline examination. This interval was chosen as data
from other oral health self-report instruments suggest that
perceived oral health does not influence reporting substan-
tially over short periods of repeated assessment [17,18].

Pittsburgh Sleep Quality Index (PSQI) instrument

The PSQI is composed of 19 self-rated questions (items)
and 5 questions rated by a bed partner or roommate
pertaining to sleep disturbances. Only the self-rated
items are used in scoring the overall scale. The self-
administered scale contains 15 multiple-choice items
that inquire about frequency of sleep disturbances and
subjective sleep quality during the previous month.
Four additional write-in items inquire about typical
bedtime, wake-up time, sleep latency, and sleep dur-
ation. The 5 bed partner questions are multiple-choice
ratings of sleep disturbance and are used for clinical
information only. The 19 self-rated PSQI items are
combined into seven components: subjective sleep
quality, sleep latency, sleep duration, habitual sleep
efficiency, sleep disturbances, use of sleep medications,
and daytime dysfunction. Each component has a score
that ranges from 0 (no difficulty) to 3 (severe diffi-
culty). All component scores are summed to produce a
global score ranging from 0-21. According to the
authors of the PSQI instrument, a PSQI global score
greater than 5 is suggestive of significant sleep disturb-
ance [5]. Most patients need 5-10 minutes to complete
the PSQI questionnaire. No formal training is needed
to administer and score this scale [19].
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Data analysis

Item analysis of PSQI components

An item analysis was performed according to a previously
published protocol [20]. Means, standard deviations, and
the proportions of the zero values were computed for each
PSQI component, as well as for the global PSQI score,
separately for cases with pain-related TMD and cases with
pain-free TMD.

Inspection of correlations among the PSQI components

The central characteristic of a construct is that its indica-
tors co-vary with each other. To detect patterns among
correlations indicating possible dimensions among the
components scores, we inspected the polychoric correl-
ation matrix of the PSQI component scores separately for
both cases with pain-related TMD and cases with pain-
free TMD [21].

Factor-analytic methods

The PSQI components were submitted to exploratory
factor analysis. Factors were extracted using the principal
factors method. The Scree plot method according to
Cattell [22] was used to indicate the number of factors to
be extracted. If more than one factor would be extracted,
factors would be rotated using the orthogonal varimax or
oblique promax technique. Item loadings were examined
and values larger than 0.50 were considered indicative of
a relationship between the item and the associated under-
lying factor [23].

To assess model fit, we also performed a confirma-
tory factor analysis. Because data may violate the nor-
mality assumption, we used diagonally weighted least
squares (DWLS) [24] and a “robust” method using the
Huber-White sandwich estimator [25]. Model fit was
assessed using the log-likelihood chi-square test, the
standardized root mean square residual (SRMR), the
root mean square error of approximation (RMSEA),
the comparative fit index (CFI), and the Tucker—Lewis
index (TLI). Commonly applied guidelines for adequate
model fit suggest: SRMR: <0.08; RMSEA: <0.06; and CFI,
TLL >0.95 [26].

In addition to the assessment of dimensionality in
the subgroups of cases with pain-related TMD and
cases with pain-free TMD, we also performed separate
analyses for women and men because gender is a major
factor for TMD.

Score reliability

Internal consistency

Cronbach’s alpha [27] and average inter-item correlation
for the Pearson correlation coefficients were computed as
measures of the scores’ internal consistency. Both mea-
sures are indicators of the items’ homogeneity and indi-
cate how strongly the items are correlated. The values of
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0.7 to 0.8 are regarded as satisfactory [28] for alpha.
According to Clark and Watson [29], mean inter-item
correlation should fall within the range of 0.15 to 0.20
for scales that measure broad characteristics and
within the range of 0.40 to 0.50 for those measuring
narrower ones.

Test-retest reliability

Temporal stability of the scores was investigated in a
subset of cases from the RDC/TMD Validation Project
cases with test-retest data [15]. To characterize test-
retest reliability, intraclass correlation coefficients (ICC)
were calculated using a one-way repeated measure
ANOVA, treating the cases as a random factor. Reliabil-
ity was assessed for both the instrument’s summary
score and the seven PSQI components. Calculations
were performed according to Shrout & Fleiss’s ICC
type 2,1 [30]. Furthermore, the method of Bland and
Altman [31] was used to compute the standard devi-
ation of the differences between the first and second
time points. “Limits of agreement” around the mean dif-
ference were calculated as 1.96 times the standard devi-
ation of the differences. Hence, this statistic represents
the test-retest differences expected for 95% of the indi-
viduals in the sample. If the confidence interval for the
mean of the differences excluded zero, it indicated a sta-
tistically significant difference between the measures.

Score validity

Two questions that are related to sleep from the General
Health Questionnaire (GHQ) [32] were used to assess
convergent validity. The questions “Have you recently lost
much sleep over worry?” and “Have you recently had diffi-
culty staying asleep?” are rated from 0 to 3 on the
four-points ordinal scale, where 0 means “Not at all”, 1 —
“No more than usual”, 2 — “Rather more than usual”, and
3 — “Much more than usual”. The Spearman’s rho coeffi-
cient, a nonparametric measure of statistical dependence
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between two quantities, was used to assess the correl-
ation between each question and the PSQI scores.
The correlation between these two items and the PSQI
score was expected to be “medium” according to guide-
lines [33].

Missing data and statistical software

Five of the 614 TMD cases had more than one missing
PSQI item and were therefore not included in the
analysis. Two hundred and thirty four cases had one
missing value, which were consequently imputed using a
robust median imputation within the particular PSQI
item. Analyses were performed using the statistical
software package STATA, (Stata Statistical Software:
Release 12. College Station, TX: StataCorp LP). Any
result was considered statistically significant if P < 0.05.

Results

Item analysis

The mean PSQI global score for all 609 TMD cases was
7.0. For the cases with pain-related TMD, the mean
values for all of the seven PSQI components were higher
in comparison to pain-free TMD cases (Table 2). The
PSQI component that was most impaired was sleep
disturbances with a mean of 1.5 in cases with pain-
related TMD and 1.1 in cases with pain-free TMD. The
least impaired PSQI component or the lowest score was
reported for sleep duration in the cases with pain-
related TMD (0.6 +0.9) and use of sleep medication in
the cases with pain-free TMD (0.2 + 0.7) indicating the
latter cases used less sleep medication. Floor effects
were observed frequently for all the PSQI components
except for sleep disturbances.

Inspection of the polychoric correlation matrix

The polychoric correlation matrix (Table 3) presented
varying correlations between the seven PSQI compo-
nents, ranging from -0.18 to the low 0.70s. In cases

Table 2 Descriptive statistics for the seven PSQI components and the PSQI global score (bold text) shown separately
for cases with pain-related TMD and cases with pain-free TMD

PSQI component

Cases with pain-related TMD

Cases with pain-free TMD

[scale range]

(N =496) (N=113)
Mean (SD) % of 0 values Mean (SD) % of 0 values
1. Subjective sleep quality [0-3] 1.2 (0.8) 173 0.8 (0.7) 319
2. Sleep latency [0-3] 12 (1.0) 29.0 0.8 (0.8) 45.1
3. Sleep duration [0-3] 0.6 (0.9) 589 0.5 (0.7) 61.1
4. Habitual sleep efficiency [0-3] 13(1.3) 44.8 1.0 (14) 61.1
5. Sleep disturbances [0-3] 1.5 (0.6) 22 1.1 (04) 18
6. Use of sleep medication [0-3] 0.7 (1.1) 65.1 0.2 (0.7) 86.7
7. Daytime dysfunction [0-3] 1.0 (0.7) 234 0.6 (0.6) 496
PSQI global score [0-21] 7.1 (4.0) 0.4 5.1 (3.1) 0.0
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Table 3 Polychoric correlation matrices for the seven
PSQI components in cases with pain-related TMD and
cases with pain-free TMD are shown in the lower left
triangle area, and the upper right triangle area,
respectively

PSQI component 1. 2. 3. 4. 5. 6. 7.

1. Subjective sleep quality 054 055 026 074 006 054
2. Sleep latency 0.57 039 032 053 035 033
3. Sleep duration 0.58 046 026 028 001 034
4. Habitual sleep efficiency 033 036 051 026 -0.18 023
5. Sleep disturbances 064 047 045 017 -0.12 058

6. Use of sleep medication 032 036 030 0.12 039
7. Daytime dysfunction 039 028 032 014 042 031

-0.07

with pain-related TMD, correlations ranged from 0.12 to
0.64. The average inter-item correlation was 0.30 in this
group of cases. In cases with pain-free TMD, the correla-
tions ranged from -0.18 to 0.74, and among them, three
correlations had a negative value, although all three of
them were of small magnitude. The average inter-item
correlation was smaller in comparison to the cases with
pain-related TMD with a value 0.22.

Factor-analytic methods

The exploratory factor analysis identified one factor for the
pain-related TMD cases as well as for the pain-free TMD
cases (Table 4). The factors explained 41% of the variance
in the cases with pain-related TMD and 37% in the cases
with pain-free TMD. Scree plots of eigenvalues plotted
against the factor numbers after exploratory factor analysis
are shown in Figure 1. In our confirmatory factor analysis
for all TMD cases using DWLS, the unidimensional model

Table 4 One-factor model resulting from the exploratory
factor analysis from the unrotated factor structure matrix
for the seven PSQI components derived separately from
cases with pain-related TMD (N = 496), cases with
pain-free TMD (N = 113), and all TMD cases together

(N =609)

PSQl Cases with pain-  Cases with pain- All TMD
component related TMD free TMD cases
1. Subjective 083 0.88 0.84
sleep quality

2. Sleep latency 0.74 0.73 0.75
3. Sleep duration 0.77 0.64 0.74
4, Habitual sleep 0.52 047 0.51
efficiency

5. Sleep 0.76 082 0.78
disturbances

6. Use of sleep 0.56 0.04 0.56
medication

7. Daytime 0.58 0.71 0.62

dysfunction

Page 5 of 9

fit the data well. The chi-square test ()(2 (14) =32.746,
p =0.003) rejected the model, as we expected with our
large sample size. The RMSEA was 0.05, the SRMR was
0.04, and CFI and TLI were greater than 0.95. Using the ro-
bust method for estimation, model fit worsened. The chi-
square test ()(2 (14) = 66.235, p <0.001) rejected the model
as well, RMSEA was 0.08, SRMR was 0.04, CFI was 0.93,
and TLI was 0.90. When the fit indices were compared
to guideline values, all indices using DWLS estimation
exceeded recommendations. For robust estimation, one
index (SRMR) exceeded recommendations and four indices
did not. When we performed subgroup analyses for pain-
related and pain-free TMD cases as well as for women and
men, model fit results showed a similar pattern in all sub-
groups compared with the total sample except for the pain-
free TMD cases. Here, both DWLS and robust methods
exceeded all guidelines values for model fit, providing
strong support for the unidimensional model.

Reliability

Test-retest reliability characterized by the intraclass correl-
ation coefficients (ICCs) was calculated for the seven PSQI
components (Table 5). The median ICC for the seven PSQI
components was 0.86 (range 0.57-0.91). Means of the
differences between the two administrations of the ques-
tionnaire were small, ranging from -0.08 to 0.09 and were
all statistically not significant. Limits of agreement indicat-
ing the interval for 95% of the test—retest differences were
similar across the components and were all in the range
of —1.28 to 1.36 except for the component habitual sleep
efficiency, where the limits of agreement were larger with a
range of —2.50 to 2.35.

Internal consistency of a PSQI was computed separ-
ately for the cases with pain-related TMD, the cases
with pain-free TMD and also for the TMD cases with
test-retest data. The Cronbach’s alpha value (including
the one-sided confidence interval) and the average
inter-item correlation were 0.75 (0.72) and 0.30 for the
cases with pain-related TMD. For the cases with pain-
free TMD, these values were 0.66 (0.58) and 0.22. For
cases with test-retest data, values were 0.70 (0.63) and
0.25. The Cronbach’s alpha calculations with one of the
seven components from the PSQI missing were also
performed. When the sixth component use of sleep
medication of the cases with pain-free TMD was omit-
ted, the alpha value increased from 0.66 to 0.73.

Validity

The pattern of increasing PSQI means with increasing
levels of the validation questions supported PSQI sum-
mary score convergent validity (Table 6). For both global
questions, similar trends were observed. As expected,
the rank correlation coefficients were statistically signifi-
cant and of medium magnitude.
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Cases with pain-related TMD (N=496)

Cases with pain-free TMD (N=113)
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Figure 1 Scree plots of eigenvalues after exploratory factor analysis are shown separately for cases with pain-related TMD, cases with

J

Discussion

The current study demonstrated that sleep quality in
TMD patients, as assessed by the PSQ], is a unidimen-
sional scoring structure. When the PSQI data for TMD
cases with or without painful diagnose were analyzed
separately with exploratory factor analysis and the in-
spection of the scree plots, the results showed clearly
a single common latent factor that explained item
responses. The only exception was a low loading for the
sixth component of the PSQI questionnaire called use of
sleep medication for the cases with pain-free TMD.
These individuals don’t use a lot of sleep medications,
and therefore, sleep disturbances due to sleep medica-
tions are challenging to identify. Internal consistency
of the PSQI was also lower in these latter cases with
Cronbach’s alpha value of 0.66, which was below the
threshold for the internal consistency. When the use of
sleep medication data was omitted from the analysis, the
internal consistency coefficient increased to 0.73. Sleep
medication use varies across populations and may not

have a strong relationship with the other variables.
However, greater use of sleep medications by cases with
pain-related TMD may mitigate differences in sleep
quality, if the medications are effective, compared to
pain-free TMD cases thus masking the true difference be-
tween these two types of cases. Conversely, cases with
pain-related TMD may use more sleep medications be-
cause they use more medications in general, including pain
medications, and since they see more doctors for their
pain, they have more opportunity to get sleep medications.

The polychoric correlations between the subjective sleep
quality and the sleep disturbances, between the subjective
sleep quality and the sleep duration, and between the
subjective sleep quality and the sleep latency had the largest
magnitudes (up to 0.74). These large correlations were
similar in cases with pain-related TMD and in cases with
pain-free TMD.

The PSQI questionnaire comprises 19 individual items
assessing sleep quality, and 15 of them are further com-
bined into seven components. The calculation of these

Table 5 Test-retest reliability for the seven PSQI components and the PSQI global score (bold text) (N = 64 cases)

Psal ICC Mean of the differences Limits of p value for
component (95% CI) (95% Cl) agreement Pitman'’s Test
Subjective sleep quality 0.76 (0.66 to 0.86) —0.06 (-0.19 to 0.07) —1.12 to 1.00 0.775
Sleep latency 0.77 (0.68 to 0.87) 0.09 (-0.06 to 0.25) -1.18t0 1.36 0.740
Sleep duration 0.73 (0.62 to 0.84) 0.03 (-0.12 t0 0.18) -1.15t0 1.21 0214
Habitual sleep efficiency 0.57 (040 to 0.73) —0.08 (-0.38 to 0.22) —2.50 to 2.35 0.535
Sleep disturbances 0.69 (0.57 to 0.82) 0.05 (-0.07 to 0.17) —-0.92 to 1.02 0.992

Use of sleep medication 0.91 (0.87 to 0.95) 0.09 (-0.03 to 0.22) —0.90 to 1.08 0358
Daytime dysfunction 0.60 (044 t0 0.75) 0.00 (-0.16 to 0.16) —1.281t0 1.28 0.356
PSQlI global score 0.86 (0.80 to 0.92) 0.12 (-0.37 to 0.62) -3.83 to 4.08 0.679
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Table 6 Convergent validity as assessed by correlations between two questions related to sleep from the General
Health Questionnaire (GHQ) and the Pittsburgh Sleep Quality Index (PSQI) for the TMD cases sample (N = 609)

GHQ question N PSQlI global score PSQl global Spearman’s rho (95% Cl),
(mean) score (SD) and a level of significance

Have you recently lost much sleep over worry? 043 (0.36 to 0.49)*

Not at all 296 54 34

No more than usual 239 8.1 38

Rather more than usual 63 96 4.0

Much more than usual 11 125 27

Have you recently had difficulty in staying asleep? 048 (042 to 0.54)*

Not at all 288 5.1 238

No more than usual 211 79 39

Rather more than usual 94 10.1 4.1

Much more than usual 16 1.8 29

*P <0.001.

components is performed differently than most multi-item
self-report instruments which use simple sum of their
items (i.e. Oral Health Impact Profile questionnaire) [34]. A
particular computation is needed for each of the seven
PSQI components. This burden may potentially obscure
the meaning of each component and also impede a wide-
spread clinical application.

Our results can be generalized to other TMD popula-
tions because the RDC/TMD Validation Project data set
was derived from a diverse spectrum of TMD clinic and
community cases [15]. All participants were thoroughly
evaluated to ensure correct TMD diagnosis necessary
for inclusion as study cases [15]. Even among TMD
patient populations with different distributions of TMD
diagnostic subtypes, such discrepancies would not limit
generalizability, because we have demonstrated that the
dimensional structure of the PSQI is not substantially
different between the cases with pain-related TMD and
cases with pain-free TMD which is a major classification
used in TMD clinical practice and research.

We found nine studies using the PSQI instrument in
TMD patients [2,11,12,14,35-39]. All of these studies
reported sleep quality as being one dimension repre-
sented by one global PSQI score. Some of these studies
reported only a global PSQI score and defined poor
sleep quality as the global PSQI score being larger than
5 [35,38,39]. However, Yatani et al. [2] used the median
cutoff of a global PSQI score > 10 to divide “good” and
“poor sleepers”. The six remaining studies reported
results for some [14,37] or for all seven PSQI subscores
[11-13,36], but none of these studies reported correla-
tions among the seven components. Thus, this is the
first study to report correlations between PSQI subscores
in TMD patient population. Besides reporting a global
PSQI score for TMD patients, Abrahamsen et al. [37] listed
also the average answers obtained from the individual ques-
tions contained in the PSQI questionnaire, e.g. Hours of

sleep, Minutes before falling asleep, Number of awaken-
ings, Number of awakenings due to pain, and Episodes
of daytime sleep.

We did not find any other multiple-item instrument
that has been used to assess sleep quality in the TMD
patients. Although some studies have used single—item
questionnaires to assess sleep quality, multi-item instru-
ments have advantages in terms of validity and reliability
compared to a single question. Therefore, there is a limit
to how brief an instrument can be, and in part, depends on
whether it is intended for clinical or research purposes. Al-
though the causation is currently unknown [40], sleep
quality is an important issue for successful management of
TMD patients. Finally, a briefer version of the PSQI and
simplification of its computation would probably popular-
ize its clinical utility significantly.

Our study had some limitations. More than one third
of our TMD patient population had one missing value
in the PSQI questionnaire. The results were probably
not affected substantially, because the unidimensional
construct of PSQI is characterized with 15 items. For
all the subjects in the analyses we had at least 14 items.
It is highly unlikely that this situation may have pre-
vented the detection of a second factor — the major al-
ternative for a unidimensional model. We divided all
the TMD diagnoses only in two categories, the pain-
related TMD and pain-free TMD. The pain-related
TMD diagnoses comprised a myofascial pain as well as
TM] pain, which have different clinical characteristics.
When we assessed model fit for our dimensionality
results not all findings agreed. All results of the ex-
ploratory factor analysis favored unidimensionality, but
some indices for the confirmatory factor analysis came
only close to guideline recommendations. One reason
for this situation might be that our TMD cases only
used sleep medication rarely and this item had the low-
est correlation with the latent factor and consequently a
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decreased model fit. Furthermore, a convenience sampling
methodology was used. Nevertheless, the psychometric
properties of the PSQI were assessed in TMD patients for
the first time, and dimensionality of the PSQI was graphic-
ally assessed also by the use of scree plots and two factor-
analytic methods. While the majority of our methods
agreed that sleep disturbances in TMD patients can be
characterized with one score and we have explored dimen-
sionality in subgroups, more sophisticated analyses of
measurement invariance [41] across populations are a next
step in a rigorous assessment of psychometric properties.
We used a convenience sample which is inferior to a con-
secutive sample, but our sample size was large and our pa-
tients covered the entire spectrum of TMD patients.

In conclusion, although the PSQI instrument was ini-
tially developed for psychiatric practice and research,
our study provides additional evidence that it has good
psychometric properties and excellent comparability of
score results with other published studies for different
patient populations. For the TMD patient population,
the results obtained from the PSQI questionnaire can
continue to be reported in the form of one global score.

Abbreviations

PSQI: Pittsburgh Sleep Quality Index; TMD: Temporomandibular disorders;
RDC/TMD: Research Diagnostic Criteria for Temporomandibular Disorders;
TMJ: Temporomandibular joint; DWLS: Diagonally weighted least squares;
SRMR: Standardized root mean square residual; RMSEA: Root mean square
error of approximation; CFl: Comparative fit index; TLI: Tucker-Lewis index;
GHQ: General Health Questionnaire; ICC: Intraclass correlation coefficient;
ANOVA: Analysis of variance.

Competing interests
The authors declare that they have no competing interest.

Authors’ contributions

KRS designed the study, extracted data, performed the statistical analysis,
interpreted the results, and drafted the manuscript. MTJ contributed to the
study design, contributed to the data analysis, interpretation of the results,
and to the revision of the manuscript. DB and MJH contributed to the
interpretation of the results and revised the manuscript. ELS collected data,
contributed to the interpretation of the results, and revised the manuscript.
All authors read and approved the final manuscript.

Acknowledgments

This study was supported by the USA national medical research agency The
National Institutes of Health (grant U01-DE013331). KRS is supported by the
Clinical Research Grant Nr. 20110361 funded by the University Medical Center of
Ljubljana, Slovenia. The study was performed at Division of TMD and Orofacial
Pain, School of Dentistry, University of Minnesota, Minneapolis, MN, USA.

Author details

'Division of Dental Medicine, Faculty of Medicine, University of Ljubljana,
Ljubljana, Slovenia. 2University Dental Clinics, University Medical Center of
Ljubljana, Ljubljana, Slovenia. *Division of TMD and Orofacial Pain, School of
Dentistry, University of Minnesota, Minneapolis, MN, USA. “Division of
Biostatistics, School of Public Health, University of Minnesota, Minneapolis,
MN, USA. *Department of Neurology, University of Minnesota, Minneapolis,
MN, USA.

Received: 21 July 2013 Accepted: 15 January 2014
Published: 21 January 2014

Page 8 of 9

References

1. Cole JC, Dubois D, Kosinski M: Use of patient-reported sleep measures in
clinical trials of pain treatment: a literature review and synthesis of
current sleep measures and a conceptual model of sleep disturbance in
pain. Clin Ther 2007, 29:2580-2588.

2. Yatani H, Studts J, Cordova M, Carlson CR, Okeson JP: Comparison of sleep
quality and clinical and psychologic characteristics in patients with
temporomandibular disorders. J Orofac Pain 2002, 16:221-228.

3. Grossi ML, Goldberg MB, Locker D, Tenenbaum HC: Reduced neuropsychologic
measures as predictors of treatment outcome in patients with
temporomandibular disorders. J Orofac Pain 2001, 15:329-339.

4. Devine EB, Hakim Z, Green J: A systematic review of patient-reported
outcome instruments measuring sleep dysfunction in adults.
Pharmacoeconomics 2005, 23:889-912.

5. Buysse DJ, Reynolds CFl, Monk TH, Berman SR, Kupfer DJ: The Pittsburgh
Sleep Quality Index: a new instrument for psychiatric practice and
research. Psychiatry Res 1989, 28:385-396.

6. Cole JC, Motivala SJ, Buysse DJ, Oxman MN, Levin MJ, Irwin MR: Validation
of a 3-factor scoring model for the Pittsburgh sleep quality index in
older adults. Sleep 2006, 29:112-116.

7. Aloba OO, Adewuya AO, Ola BA, Mapayi BM: Validity of the Pittsburgh
Sleep Quality Index (PSQI) among Nigerian university students. Sleep Med
2007, 8:266-270.

8. Magee CA, Caputi P, Iverson DC, Huang XF: An investigation of the
dimensionality of the Pittsburgh Sleep Quality Index in Australian adults.
Sleep Biol Rhythms 2008, 6:222-227.

9. Burkhalter H, Sereika SM, Engberg S, Wirz-Justice A, Steiger J, de Geest S:
Structure validity of the Pittsburgh Sleep Quality Index in renal
transplant recipients: A confirmatory factor analysis. Sleep Biol Rhythms
2010, 8:274-281.

10. Mariman A, Vogelaers D, Hanoulle |, Delesie L, Tobback E, Pevernagie D:
Validation of the three-factor model of the PSQI in a large sample of
chronic fatigue syndrome (CFS) patients. J Psychosom Res 2012, 72:111-113.

11. de Leeuw R, Studts JL, Carlson CR: Fatigue and fatigue-related symptoms
in an orofacial pain population. Oral Surg Oral Med O 2005, 99:168-174.

12. de Leeuw R, Bertoli E, Schmidt JE, Carlson CR: Prevalence of traumatic
stressors in patients with temporomandibular disorders. J Oral Maxil Surg
2005, 63:42-50.

13. Vazquez-Delgado E, Schmidt JE, Carlson CR, DelLeeuw R, Okeson JP:
Psychological and sleep quality differences between chronic daily headache
and temporomandibular disorders patients. Cephalalgia 2004, 24:446-454.

14.  Lindroth JE, Schmidt JE, Carlson CR: A comparison between masticatory
muscle pain patients and intracapsular pain patients on behavioral and
psychosocial domains. J Orofac Pain 2002, 16:277-283.

15.  Schiffman EL, Truelove EL, Ohrbach R, Anderson GC, John MT, List T, Look
JO: The Research Diagnostic Criteria for Temporomandibular Disorders. I:
overview and methodology for assessment of validity. J Orofac Pain 2010,
24:7-24.

16.  Dworkin SF, LeResche L: Research diagnostic criteria for temporomandibular
disorders: review, criteria, examinations and specifications, critique.
J Craniomandib Disord 1992, 6:301-355.

17. Jensen MP: The validity and reliability of pain measures in adults with
cancer. J Pain 2003, 4:2-21.

18. John MT, Reissmann DR, Schierz O, Allen F: No significant retest effects in
oral health-related quality of life assessment using the Oral Health
Impact Profile. Acta Odontol Scand 2008, 66:135-138.

19.  Buysse DJ, Reynolds CF Ill, Monk TH, Berman SR, Kupfer DJ: Pittsburgh
Sleep Quality Index. [PSQI1. In Handbook of Psychiatric Measures. 2nd
edition. Edited by Rush AJ, First MB, Blacker D. Washington DC: American
Psychiatric Publishing; 2008:653-655.

20. Shultz KS, Whitney DJ: Measurement Theory in Action: Patient Studies and
Exercises. Thousand Oaks, CA: Sage Publications; 2005.

21, Pett MA, Lackey NR, Sullivan JJ: Making Sense of Factor Analysis - The Use of
Factor Analysis for Instrument Development in Health Care Research.
Thousand Oaks, CA: Sage Publications; 2003.

22, Cattell RB: The scree test for the number of factors. Multivar Behav Res
1966, 1:245-276.

23. Horn J: A rationale and test for the number of factors in factor analysis.
Psychometrika 1965, 30:179-185.

24, Christoffersson A: Two-step weighted least squares factor analysis of
dichotomized variables. Psychometrika 1977, 42:433-438.



Rener-Sitar et al. Health and Quality of Life Outcomes 2014, 12:10
http://www.hglo.com/content/12/1/10

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

Huber PJ: The behavior of maximum likelihood estimates under
nonstandard conditions. In Proceedings of the Fifth Berkeley Symposium on
Mathematical Statistics and Probability: 21 June =18 July 1965 and 27
December — 7 January 1966. Edited by le Cam LM, Neyman J. Berkeley:
University of California Press; 1967:221-233.

Kline RB: Principles and Practice of Structural Equation Modeling. New York:
Guilford Press; 2010.

Cronbach LJ: Coefficient alpha and the internal reliability of tests.
Psychometrika 1951, 16:297-334.

Bland JM, Altman DG: Statistics notes: Cronbach’s alpha. Brit Med J 1997,
314:572.

Clark LA, Watson D: Constructing validity: basic issues in objective scale
development. Psychol Assess 1995, 7:309.

Shrout PE, Fleiss JL: Intraclass correlations: uses in assessing rater
reliability. Psychol Bull 1979, 86:420-428.

Bland JM, Altman DG: Statistical methods for assessing agreement between
two methods of clinical measurement. Lancet 1986, 1:307-310.

Goldberg DP, Williams P: A User’s Guide to the General Health Questionnaire.
Windsor, Berkshire, England: Nelson Publishing Company; 1988.

Cohen J: Statistical Power Analyses for the Behavioral Sciences. Hillsdale, NJ:
Lawrence Erlbaum; 1988.

Slade GD, Spencer AJ: Development and evaluation of the Oral Health
Impact Profile. Community Dent Health 1994, 11:3-11.

Herman CR, Schiffman EL, Look JO, Rindal DB: The effectiveness of adding
pharmacologic treatment with clonazepam or cyclobenzaprine to
patient education and self-care for the treatment of jaw pain upon
awakening: a randomized clinical trial. J Orofac Pain 2002, 16:64-70.
Bertoli E, de Leeuw R, Schmidt JE, Okeson JP, Carlson CR: Prevalence and
impact of post-traumatic stress disorder symptoms in patients with
masticatory muscle or temporomandibular joint pain: differences and
similarities. J Orofac Pain 2007, 21:107-119.

Abrahamsen R, Zachariae R, Svensson P: Effect of hypnosis on oral
function and psychological factors in temporomandibular disorders
patients. J Oral Rehabil 2009, 36:556-570.

Fillingim RB, Ohrbach R, Greenspan JD, Knott C, Dubner R, Bair E, Baraian C,
Slade GD, Maixner W: Potential psychosocial risk factors for chronic TMD:
descriptive data and empirically identified domains from the OPPERA
patient-control study. J Pain 2011, 12:T46-T60.

Porto F, de Leeuw R, Evans DR, Carlson CR, Yepes JF, Branscum A, Okeson
JP: Differences in psychosocial functioning and sleep quality between
idiopathic continuous orofacial neuropathic pain patients and chronic
masticatory muscle pain patients. J Orofac Pain 2011, 25:117-124.
Okeson JP: Bell's Orofacial Pains: The Clinical Management of Orofacial Pain.
Chicago: Quintessence Pub. Co; 2005.

Millsap RE: Statistical Approaches to Measurement Invariance. New York:
Routledge; 2011.

doi:10.1186/1477-7525-12-10

Cite this article as: Rener-Sitar et al.: Exploration of dimensionality and
psychometric properties of the Pittsburgh Sleep Quality Index in cases
with temporomandibular disorders. Health and Quality of Life Outcomes
2014 12:10.

Page 9 of 9

~
Submit your next manuscript to BioMed Central
and take full advantage of:
¢ Convenient online submission
¢ Thorough peer review
* No space constraints or color figure charges
¢ Immediate publication on acceptance
¢ Inclusion in PubMed, CAS, Scopus and Google Scholar
* Research which is freely available for redistribution
Submit your manuscript at ( -
www.biomedcentral.com/submit BiolVed Central
J




	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Subjects
	Pittsburgh Sleep Quality Index (PSQI) instrument
	Data analysis
	Item analysis of PSQI components
	Inspection of correlations among the PSQI components
	Factor-analytic methods

	Score reliability
	Internal consistency
	Test-retest reliability

	Score validity
	Missing data and statistical software

	Results
	Item analysis
	Inspection of the polychoric correlation matrix
	Factor-analytic methods
	Reliability
	Validity

	Discussion
	Abbreviations
	Competing interests
	Authors’ contributions
	Acknowledgments
	Author details
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.440 793.440]
>> setpagedevice


