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Abstract

The psychometric properties of the modified Symptom Severity Index were investigated to assess
the relationships among dimensions of pain in temporomandibular disorders. The 15-item
instrument is composed of ordinal scales assessing five pain dimensions (intensity, frequency,
duration, unpleasantness, and difficulty to endure) as experienced in three locations (temple,
temporomandibular joint, masseter). In 108 closed-lock subjects, Cronbach’s alpha was used to
measure internal consistency resulting in 31 of the 105 pair-wise comparisons >0.71. Multilevel
exploratory factor analysis was used to assess dimensionality between items. Two factors
emerged, termed temple pain and jaw pain. The jaw pain factor comprised the temporomandibular
joint and masseter locations, indicating that subjects did not differentiate between these two
locations. With further analysis, the jaw pain factor could be separated into temporal aspects of
pain (frequency, duration) and affective dimensions (intensity, unpleasantness, endurability).
Temple pain could not be further reduced; this may have been influenced by concurrent orofacial
pains such as headache. Internal consistency was high, with alphas >0.92 for scales associated
with all factors. Excellent test-retest reliability was found for repeat testing at 2—48 hours in 55
subjects (1CC=0.97, 95%CI 0.96-0.99). In conclusion, the modified Symptom Severity Index has
excellent psychometric properties for use as an instrument to measure pain in subjects with
temporomandibular disorders. The most important characteristic of this pain is location, while the
temporal dimensions are important for jaw pain. Further research is needed to confirm these
findings and assess relationships between dimensions of pain as experienced in other chronic pain
disorders.
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INTRODUCTION

For clinical trials of treatment interventions for chronic pain conditions, such as the pain that
can accompany temporomandibular disorders (TMD), a complete and accurate
representation of the pain experience is essential. The outcome variable primarily used in
such research is pain intensity (1). Intensity is easily conceptualized, reliably reported by
study subjects (2), and considered a robust measure (3). For reasons such as these, pain
intensity was recommended as a core outcome variable for assessing pain in clinical trials
(IMMPACT Statement) (4).

In opposition to this, it has been suggested that pain intensity alone does not adequately
capture the experience of pain (5). Some researchers have assessed other dimensions of pain
such as its sensory, affective, and evaluative components (6), as well as pain location (1).
This type of measurement approach assumes that the different locations and dimensions of
the pain experience can vary individually, and that treatments might have a dimension-
specific influence on patients’ pain experience. This assumption is the reasoning behind
recommendations to capture information about these other dimensions of pain (1,6,7) and to
include them as secondary outcome measures in clinical trials (4).

To date, research focusing on the temporal aspects of pain, i.e., frequency and duration, has
been minimal (8). Consequently, it is unknown how these temporal aspects are related to
other aspects of pain — such as intensity, affective dimensions, or even location — in people
with TMD. Furthermore, it is unknown how these temporal dimensions, either alone or in
combination, change with time or are affected by treatment. This may be of particular
importance when assessing outcomes of therapeutic trials with TMD pain patients, since it is
widely known that this pain can and often does range from being brief and episodic to being
daily and continuous (9). Increasingly, clinical trials of TMD treatments have evaluated
multiple dimensions of pain as an outcome measure, for example, pain duration (10), pain
frequency (11,12), and pain unpleasantness (13,14). Therefore, there is a need to
systematically assess the relationship between these multiple dimensions of pain, so as to
better interpret the outcomes of clinical trials.

To address this need, we investigated the psychometric properties of the modified Symptom
Severity Index (SSI), a self-report pain measure consisting of five subscales that measure
pain frequency, duration, intensity, unpleasantness, and difficulty to endure (see Fricton et
al, 1990 (15)) (Appendix 1). We used existing data to determine the instruments’ reliability,
item correlation, and the factor loading of the various pain dimensions, with the overall aim
of better understanding the benefits and limitations of using such an instrument to measure
TMD-related pain. The approach of using a secondary analysis is an efficient preliminary
method for assessing these relationships and a key initial step towards refining this
instrument for the measurement of core pain-related outcome variables, as performed by
others (2).

METHODS

This study was reviewed, approved and conducted in accordance with the University of
Minnesota Institutional Review Board regulations.

Participants

We analyzed data that had been previously collected from participants in a four-arm
randomized effectiveness study of therapeutic strategies for temporomandibular joint (TMJ)
closed-lock (16). The study enrolled patients who were experiencing pain with an anteriorly
displaced TMJ disc that did not reduce, a restricted ability to open their mouths, and
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concomitant myofascial pain of the muscle of masticatory that conformed to diagnoses la or
Ib in the Research Diagnostic Criteria for Temporomandibular Disorders (RDC/TMD).
Patients were excluded if they had systemic rheumatoid arthritis, generalized joint pain, or
major psychiatric disease; were pregnant; or were taking analgesic medications. The mean
age of the 108 participants at baseline was 32 years, and 92% were female. Outcome
measurements, which included the modified SSI, were taken at baseline, 3, 6, 9, 12, 18, 24,
36, 48 and 60 months after randomization to treatment arm (see Schiffman et al, 2007 (16)).
For our exploratory study of the modified SSI’s construct validity and internal consistency,
we used all baseline and follow-up assessments in the analyses, resulting in a sample of 889
observations for the 108 participants.

For test-retest reliability analyses, we recruited a second separate sample of 55 participants,
as part of the “Research Diagnostic Criteria [for TMD] — Reliability and Validity” study.
This sample of participants had to have an RDC/TMD diagnosis of TMJ arthralgia and
mysofascial pain, but did not necessarily have to have TMJ closed-lock (for details see
Schiffman et al, 2009 (17)). This convenience sample was drawn from the same clinic
population as the original sample.

Modified Symptom Severity Index

Analyses

The original Symptom Severity Index (SSI) was first reported on in 1990 (15). The modified
SSI used in this study asks respondents to rate their pain experience by completing five
items (assessing pain frequency, duration, intensity, unpleasantness, or difficulty to endure)
— for three different locations (temple, temporomandibular joint, masseter). The locations
are diagrammed on the instrument with a lateral view of the head, face, and jaw. For each of
the 15 items, respondents mark one of 28 bubbles on an optical scanning form, as an ordinal
scale, to represent their pain experience. Potential responses for pain intensity,
unpleasantness, and difficulty to endure range from “zero” or “no difficulty” on the far left
to “worst imaginable” on the far right. Responses for pain frequency and duration range
from “never” on the far left to “constant” on the far right. Within the pain frequency and
duration scales, descriptors are periodically posted between the extremes to spread the
responses over the full scale. Frequency is defined as the number of episodes of pain that
occurred during the past month. Duration is defined as the typical length of time each
episode of pain was present during the same time frame, during the past month. For scoring,
each scale has a numeric range from 0 with the bubble on the far left to 1 with the bubble on
the far right. Bubbles marked in between these extremes are rated linearly between the
bounds of 0 and 1, those producing a fraction. All 5 scales are then averaged to produce the
overall summary score.

Data were collected from 108 participants with up to 9 follow-up visits after baseline.
Eighteen percent of the 1080 potential subject-visit evaluations were missing and therefore
not included in the analysis. Analyses were performed with the statistical software package
STATA (Stata Statistical Software: Release 9. College Station, TX: StataCorp LP) or Mplus
version 4.2 when the multilevel data structure was taken into account. Results were
considered statistically significant if P<0.05.

Inspection of correlation among variables—The central characteristic of a construct
is that the indicators of each construct co-vary with each other. For this reason, it is
recommended that one assess the correlation matrix that represents all possible relationships
between individual responses from the instrument (18). In our study, the data used to assess
these relationships were not independent observations; rather, they came from repeated
measures of the same individuals over a 5-year period. Consequently, we used multilevel
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analyses (with Mplus version 4.2) to calculate the appropriate between-item correlation
matrix while controlling for the repeated measures. Resulting correlation coefficients of 0.71
or greater (meaning that the items share 50% or more of their variance) were used as a
threshold to define large correlations between individual responses. Identifying large
correlations in the data allows for highly correlated variables to be clustered or grouped,
which is useful for assessing the data’s tendency to separate into different dimensions.

Item analysis—To increase our understanding of the modified SSI and to possibly
eliminate items from further analyses, we performed an item analysis according to
recommendations (19). Means and total standard deviations were computed to compare
items in terms of their ability to characterize respondents along the item continuum (item
‘difficulty”). Floor and ceiling effects, such as items with extreme means or near zero
variances where no differentiation can take place, were also identified. Item ‘discrimination’
— the extent to which an item differentiates between subjects with different levels of the trait
— was evaluated by using the corrected item-total correlations, computed as the correlation
between each item and the rest of the scale with the item absent. Taking into account the 10
repeated observations measured by the instrument over time, we computed intraclass
correlations coefficients for each item as a ratio of variability due to subjects on an item
divided by the total variability of that item. In this case, the intraclass correlations indicate
the amount of stability in the items over the follow-up period.

Dimensionality—Multilevel exploratory factor analysis was performed by using Mplus
4.2 (20,21) to determine the nature and most appropriate number of factors that could
adequately explain correlations among the items. The multilevel factor analysis focused on
the estimated between-item correlation matrix that is representative of a random person at a
random time point (i.e., within-level correlation matrix), while controlling for person-to-
person differences (i.e., between-level correlation matrix). While this type of analysis allows
for individuals to have different values on factors over time, it does assume that the overall
factor structure itself (i.e., the number of factors and loadings) does not change over time.
The number of eigenvalues of the correlation matrix greater than one and the percent of
variability explained by each additional dimension were identified and used to indicate the
potential number of factors. In addition, to explore whether this factorial structure would
change substantially if more factors were extracted, we identified all four factor solutions
with eigenvalues > 0.7. Promax rotation of factor loadings were examined. Values larger
than 0.50 were considered as indicative of a relationship between the item and the associated
underlying factor.

Reliability analysis—Cronbach’s alpha (22) was computed as a measure of the scores’
internal consistency. Test-retest reliability was assessed by using data from the in the
convenience sample of 55 TMD pain subjects drawn from the same clinic population. These
subjects had similar age and gender distributions as those in the clinical trial and completed
the modified SSI twice, 2 to 48 hours apart. This relatively short interval was chosen
because pain is known to vary from day to day (23). Data from other oral health self-report
instruments suggest that the subject’s memory does not substantially influence their
reporting over short periods of repeated assessment (24). The resultant data were used to
investigate the temporal reliability of the instrument. Intraclass correlation coefficients
(ICC) were calculated using a one-way repeated measures ANOVA, treating the subjects as
a random factor. Reliability was assessed for both the instrument’s total score and the
subscales found with the factor analysis. Furthermore, the method of Bland and Altman (25)
was used to compute the standard deviation of the differences between the first and second
time points. “Limits of agreement” around the mean difference were calculated as 1.96 times
the standard deviation of the differences. Hence, this statistic represents the test-retest
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differences expected for 95% of the individuals in the sample. If the confidence interval for
the mean of the differences excluded zero, it indicated a statistically significant difference
between the measures.

RESULTS

Inspection of correlations among the instrument’s variables

The correlation matrix scores for the modified SSI items were substantial, but variable
(Table 1). Overall, all 15 items correlated highly. Of the 105 possible pair-wise correlations,
31 were larger than or equal to 0.71, indicating that almost one third of the items shared at
least 50% of their information with each other. These results are evidence that items in the
modified SSI share common underlying factors.

Item analysis

Item analysis results are in Table 2. Item means and standard deviations were calculated
based on the 0-27 raw score from the ordinal scale. For this sample of individuals
experiencing pain with TMJ closed-lock, TMJ was the location of the greatest pain intensity
(mean item scores ranged from 7.1 to 13.5), followed by the masseter (range = 6.3 to 11.7)
and then the temple (range =5.8 to 9.1). Among the pain characteristics, frequency of pain
received the highest ratings for the pain experienced in the masseter and TMJ, whereas
duration of pain was scored highest for the temple. None of these items showed
considerable floor or ceiling effects as evidenced by the fact that their ratings included much
of the scale, with few values at the extreme ends of the scale. Considerable between-subject
variance was demonstrated by a wide variability in participants’ responses. Item-total
correlations were between 0.79 and 0.94, indicating a substantial correlation between each
item and the construct as a whole. The intraclass correlation coefficients indicate that the
temple items were more stable over time than the masseter and TMJ items.

Dimensionality

Several factor structures were explored (Table 3). When the criterion for an eigenvalue
greater than 1 was applied, two factors were retained for further analysis. Together, the first
two factors explained 72% of the variance, with the first eigenvalue of 9.6 representing 64%
of the variance and the second eigenvalue of 1.8 explaining an additional 12%. When only
item loadings with correlations greater than 0.5 on the factors were considered (26), a clear
and simple structure emerged: All masseter and TMJ location items loaded on the first
factor, and only the temple location items loaded on the second factor.

We also explored factor solutions with factors having eigenvalues less than 1. This changed
our findings only slightly. When three factors were extracted from the data, the third factor
explained an additional 6% of the variance before rotation and had an eigenvalue of 0.95.
Interestingly, all temple location items still loaded strongly on the second factor. However,
the first factor from the previous two-factor analysis was split. Specifically, masseter and
TMJ pain intensity, unpleasantness, and endurability clustered together, while masseter and
TMJ pain frequency and duration clustered together to form the third factor.

When four factors were extracted from the data, the fourth factor explained an additional 5%
of the variance before rotation and had an eigenvalue of 0.7. The previously observed
pattern of loading changed only slightly. All five temple pain items still clustered together
(first factor), and masseter and TMJ pain duration and frequency still loaded together
(second factor). But the previously observed single factor for intensity-unpleasantness-
endurability at the masseter and TMJ locations was split into two different factors by pain
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location: intensity-unpleasantness-endurability in the masseter (third factor) and intensity-
unpleasantness-endurability in the TMJ (fourth factor).

In summary, the factors were interpreted and named as follows:

1. temple pain, which comprises all 5 dimension of pain — duration, frequency,
intensity, unpleasantness, and endurability — for the temple location;

2. temporality of jaw pain, which comprises the duration and frequency of pain for
both masseter and TMJ locations; and

3. extent of jaw pain, which comprises the intensity, unpleasantness, and
endurability of pain at both master and TMJ locations. If further differentiation is
warranted, the extent factor could be differentiated into two subcomponents
according to the location of the pain problem: extent of masseter pain, and extent
of TMJ pain.

Because the factor rotation method is an oblique technique, the factors can be correlated
with each other. Correlations among the factors of the 3 solutions ranged from 0.46 to 0.63.

When an orthogonal rotation method (varimax) was used instead of an oblique method, the
results were as follows: The 2-factor solution was identical; neither the item assignment to
the factor nor the pattern of loadings at 0.50 changed. A slight change was observed in the 3-
factor solution; the TMJ pain frequency item loaded on both the first and third factor at
greater than 0.50, but loaded substantially higher on the third factor than it did in the oblique
rotation method. The more complex 4-factor orthogonal solution was similar to the 4-factor
oblique solution in that a clear temple pain factor still remained, but had difficulty separating
the other factors as there were additional loadings at 0.50 or greater on multiple other
factors. However, these loadings were in the range of 0.50-0.58 and were always smaller
than the other loadings used previously for factor assignment. Although some other
substantial loadings indicated a slightly more complex relationship between items and
factors, item assignment to factor and the number of factors did not change. Hence, overall
the oblique and orthogonal rotation methods yielded a similar factor structure of the
modified SSI.

Internal consistency was high, with alphas > 0.92 for scales associated with all factors. The
alpha for the total instrument was 0.96. No substantial differences among the factors’
homogeneity were found. Test-retest reliability was excellent for the instrument’s summary
score and all factor scores (Table 4). The lower limits of ICCs exceeded the 0.75 value,
which is considered excellent reliability (27). Changes in scores, characterized by the mean
of the differences between the first time point and the second time point, were small and not
statistically significant. Individual score differences from baseline to follow-up were
moderate, as shown by the limits of agreement when compared to the variable range.

DISCUSSION

Our study found that multiple dimensions of pain arising from TMJ closed-lock —
specifically, pain location, intensity, duration, frequency, unpleasantness, and difficulty to
endure — as assessed by the modified SSI are strongly correlated, with a high degree of
commonality between items. These results suggest that the instrument is capable of globally
assessing pain with excellent reliability and precision. By considering all reliability findings
and applying the eigenvalue > 1 criterion for retaining a factor, the most appropriate factor
structure of the modified SSI questionnaire is a two-factor solution that includes a jaw pain
factor and a temple pain factor.
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TMD is currently viewed as a heterogeneous group of disorders affecting the
temporomandibular joints and muscles of mastication (28,29), as opposed to the original
idea that it is one disorder centred around the TMJ (30,31). The concept of pain being
ascribed to a specific anatomic location is how the RDC/TMD classifies this group of
disorders (32). Our results partly support the concept that pain arising from TMJ closed-lock
is one disorder, since a high degree of information is shared between all 15 items of this
questionnaire. Our results also partly support the concept that location is an important
dimension, since the two-factor solution suggests that pain in the temple region is distinct
from pain in the jaw region. This division is in contrast to that proposed within the RDC/
TMD, which classifies pain on the basis of the tissue of origin — pain arising from
masticatory muscles verses from the temporomandibular joints (32).

Support for a delineation of pain within TMD by anatomic region comes from a previous
report in which subjects perceived pain in the temple region as being separate from pain in
the jaw region (33). Conversely, this separation was not observed when aspects of pain
quality, some that were not ascertained by the SSI (i.e. frequency, unpleasantness, difficultly
to endure) were included in a factor analysis (34); however, this prior study assessed the
relationship of pain components for various pain conditions presented in the orofacial
region, and not specifically for TMD. The inability for subjects to separate these anatomical
regions when pain is present may explain why descriptive studies have repeatedly shown
that the majority of people with TMD present with complaints of pain in both masseter and
TMJs (35). Furthermore, emerging research indicates that the RDC diagnosis of TMJ pain,
otherwise known as arthralgia, has a sensitivity between 0.52 to 0.55 (36). This suggests that
the existing literature has underestimated the prevalence of TMJ pain, and therefore has
underreported the co-morbid presentation of TMJ and masseter muscle pain complaints.

Pain perceived in the temple location can be associated not only with TMD, but also other
disorders such as migraine headaches (37) and referred pain from the neck (38,39). The
latter two conditions are known to be commonly co-morbid with TMD (40-42). Therefore,
subjects assessing pain perceived in the temple location might be more likely to have these
other pain disorders, which may be a reason why temple pain remained a separate factor.

Most research investigating the various dimensions of clinical pain states has used subjects
who are experiencing daily continuous pain, rather than episodic pain (2,23,43). This is
understandable, since these individuals are often the worst afflicted. Nevertheless,
chronically reoccurring pains can also have a negative impact on the individual (44). We
found no other published reports that assessed the relationship between pain frequency,
defined as the number of episodes of pain during a particular period of time, and pain
duration, defined as the typical length of time each episode of pain is present, for episodic
pain disorders. In our factor analysis, an assessment of the temporal dimensions of pain in
TMD subjects added a small amount of location-specific information: the temporality of jaw
pain could be separated from the extent of jaw pain. However, the individual temporal
components of pain frequency and duration were highly correlated, regardless of location,
and could not be further separated using factor analysis. This suggests that, at least in
subjects with TMJ closed-locked pain, both temporal components of pain are
interdependent. The finding of such a high correlation between the temporal dimensions is
contrary to our clinical impression and that of others (45). We originally assumed that
greater amounts of variation between these dimensions would be seen, because they are
thought to represent two separate dimensions of the pain experience. However, our findings
are consistent with clinical observations that individuals with TMD pain experience
simultaneous improvement of both pain frequency and duration with treatment over time.
Such a strong correlation between pain frequency and duration remains to be assessed for
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other pain disorders. The relationship of temporal dimensions may be different in other
disorders.

We also found that the affective dimensions of unpleasantness and difficulty to endure, as
measured by the modified SSI, are highly correlated. In our analyses, some of the highest
correlations were observed between pain intensity and unpleasantness. In addition, when
assessed with factor analysis, pain intensity remained clustered with both affective items,
providing more evidence that these constructs are very similar and may be collapsed
together that can be addressed in the future following a confirmatory analysis.

Limitations to our study must be considered. First, data were derived from subjects
experiencing pain associated with TMJ closed-lock. Further research is needed to confirm
our findings in different types of TMD conditions and pain conditions. Second, in previous
psychophysical research of the taste sensation, it was found that subjects will ‘dump’ or
impart attributes of other characteristics into their responses when they do not have the
ability to specifically report those characteristics (46). A similar type of loading has been
observed within an experimental pain paradigm (47), thus it is possible that this effect is
present in our data. We suspect, however, that this is unlikely to be occurring to a significant
extent. ‘Dumping’ occurs more often when the number of responses is restricted, such as
when only asking about pain intensity, but our assessment included several pain
characteristics, thereby minimizing this potential source of error. Third, although the
modified SSI includes a diagram for location, it does not provide respondents with an
operationalized definition for each item or establish a reference pain level, both of which are
thought to improve the accuracy of self-reported pain ratings. We did find that subjects
consistently scored the questionnaire in the same manner, as evidenced by good to excellent
test-retest reliability over a short-term interval of 2 hours to 2 days (ICC = 0.90-0.96) and a
medium-term interval of 2 weeks (ICC = 0.89-0.97) (15). This suggests that subjects
consistently use the same information to complete questionnaire items.

In conclusion, the modified Symptom Severity Index (SSI) has excellent reliability. The 5
items per location measure closely related constructs, producing an instrument with high
levels of precision, which is a prerequisite for use in small clinical trials. Factor analysis
revealed two constructs, temple pain and jaw pain, suggesting that location are important
dimensions of pain associated with TMJ closed-lock. Jaw pain is a less homogenous
construct than temple pain, breaking into a temporal component and an intensity-affective
component of the pain experience with a three-factor analysis. Further research is needed to
confirm these findings in different types of TMD conditions and other pain conditions, and
to explore options for reducing the number of items to yield a shorter instrument.
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APPENDIX 1

Example of SSI form
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