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Purpose In patients with a peripheral nerve injury, a simple conceptualization assumes that
pain disability is determined by pain intensity. This study evaluated the relationships among
pain intensity, illness intrusiveness, and pain disability.

Methods After we obtained ethics board approval, we enrolled English-speaking adult
patients who had experienced an upper extremity peripheral nerve injury 0.5 to 15 years
previously. Patients completed the Disabilities of the Arm, Shoulder, and Hand (DASH),
Illness Intrusiveness Scale, Pain Disability Index, and McGill Pain questionnaires. We
used multivariate linear regression to evaluate the variables that predicted pain disability.

Results There were 124 patients (41 women, 83 men; mean * SD, 41 * 16 y of age). The
median time since injury was 14 months (range, 6-145 months), and there were 43 brachial
plexus nerve injuries. Mean = SD scores were: pain disability, 29 * 18; illness intrusiveness,
40 * 18; DASH, 45 = 22; and pain intensity, 4.6 = 3.0. The pain disability, DASH, and
illness intrusiveness scores were significantly higher in patients with brachial plexus injuries
than in those with distal nerve injuries (p<<.05). There was strong correlation between pain
disability and DASH (r = 0.764, p<<.001) and illness intrusiveness (r = 0.738, p<<.001) and
a weaker correlation with pain intensity (r = 0.549, p<<.001). The final regression model
predicting pain disability scores explained 70% of the variance with these predictors: DASH
(B = 0452, p<.001), illness intrusiveness (B = 0.372, p<<.001), and pain intensity (8 =
0.143, p=.018).

Condlusions Pain disability was substantial after nerve injury, and pain intensity explained the
least variance among the model variables. Pain intensity should be considered only one
component of pain, and the impact of pain in the context of disability should be considered
in patients with chronic nerve injury. (J Hand Surg 2010;35A:1633—1639. Copyright © 2010
by the American Society for Surgery of the Hand. All rights reserved.)

Type of study/level of evidence Prognostic IV.

Key words Peripheral nerve, injury, pain disability, upper extremity.




RAUMATIC PERIPHERAL NERVE injuries can result
| in motor dysfunction, sensory dysfunction, and
pain with substantial impairment and upper ex-
tremity disability.'~® Upper extremity disability is fre-
quently assessed with the Disabilities of the Arm,
Shoulder, and Hand (DASH) questionnaire; in patients
with peripheral nerve injuries, high levels of disability
have been reported.' Pain has been strongly associated
with upper extremity disability in patients after nerve,
elbow, and wrist injury.~® Many of these studies re-
ported substantial upper extremity disability as mea-
sured by the DASH, although the extent to which pain
interferes with life domains and the extent to which the
injury-related physical impairment interferes with life
domains were not reported.

Pain disability relates to the negative impact of pain
on life domains such as work, family and home respon-
sibilities, recreation, social activity, and self-care. High
levels of pain disability have been reported in patients
with musculoskeletal disorders and facial pain.”~*> A
simple conceptualization of the relationship between
pain disability and pain intensity assumes that pain
disability is primarily determined by pain intensity.
However, the relationship between pain disability and
pain intensity after traumatic upper extremity peripheral
nerve injury has yet to be evaluated.

Life domains may be affected by pain after traumatic
nerve injury, but these domains may also be affected by
physical impairment or other injury-related factors. The
concept of illness intrusiveness refers to the interference
in life domains as a result of illness or treatment-related
factors.'* Devins et al. reported evidence of illness
intrusiveness in patients with various medical and sur-
gical pathologies and reported the impact of these
symptoms on specific life domains.'>™'® Motor and
sensory impairments that may occur with upper extrem-
ity nerve injury may interfere with life domains. lllness
intrusiveness has not been previously evaluated in pa-
tients with peripheral nerve injury, nor have the rela-
tionships among illness intrusiveness, disability, and
pain intensity.

The purpose of this study was to test the relation-
ships among pain disability, pain intensity, illness in-
trusiveness, and upper extremity disability after a trau-
matic peripheral nerve injury in a multivariate model.
Specifically, we were interested in evaluating subtle but
important aspects of pain and disability. We hypothe-
sized that pain disability, illness intrusiveness, and up-
per extremity disability would be substantial, and that
illness intrusiveness would be a stronger predictor of
pain disability than would pain intensity.

MATERIALS AND METHODS

After we obtained approval from our institutional re-
search ethics boards, we invited adult patients who had
experienced a traumatic upper extremity peripheral
nerve injury between 6 months and 15 years previously
to participate in this study. Exclusion criteria were am-
putation injury or an upper motor neuron lesion, and the
lack of ability to understand the English-language ques-
tionnaires. A total of 128 consecutive patients were
invited to participate in the study when the study coor-
dinator was present at the clinic; 4 patients declined to
participate.

After the patients signed informed consent forms, as
part of a battery of tests they were asked to complete the
DASH, the Illness Intrusiveness Rating Scale, the Pain
Disability Index, and the Short-Form McGill Pain
Questionnaire (SF-MPQ).

Qutcome measures

The Pain Disability Index is a 7-item questionnaire
designed to assess the extent to which pain interferes
with daily life domains (family and home responsibili-
ties, recreation, social activity, occupation, sexual be-
havior, self-care, and life-support activity).”°** Each
item is ranked on a scale of 0 (no disability) to 10 (total
disability). The Pain Disability Index is calculated with
summation of the scores from each item (score range
from O to 70); a higher score indicates a higher level of
pain disability. High internal consistency (0.86), modest
test-retest reliability (0.44), and good concurrent valid-
ity have been reported with the Pain Disability In-
dex 2025

The Illness Intrusiveness Rating Scale is a 13-item
questionnaire that evaluates the extent to which a dis-
ease (or treatment) interferes with various life domains
(such as health, diet, work, recreation, financial situa-
tion, and relationships).'*'® The patient is asked to
indicate the extent to which the illness or treatment
interferes with each activity, on a scale of 1 (not very
much) to 7 (very much). A total illness intrusiveness
score (range, 13-91) may be calculated; a higher score
indicates a greater impact of the illness on life domains.
The validity and reliability of the Illness Intrusiveness
Rating Scale have been established in patients with
medical and surgical conditions.'>!¢-1926-27

The DASH is a 30-item questionnaire that as-
sesses disability. Each item is ranked on a 5-point
scale. A total score is calculated (range, 0-100);
higher DASH scores reflect higher levels of dis-
ability. Good reliability and validity have been
reported with the DASH.?8 32



We used the SF-MPQ to assess pain.>>° Patients
were asked to rank each adjective (11 sensory and 4
affective) on a scale from none (0) to severe (3), and a
Pain Rating Index was calculated. Pain intensity was
indicated on a 10-cm visual analog scale (VAS) from 0
(no pain) to 10 (worst possible pain).

Statistical analysis

Descriptive data are presented as means and SDs for
continuous variables and frequency counts for categor-
ical variables. We used parametric (Pearson) or non-
parametric (Spearman) correlations to evaluate associ-
ations among the DASH, Pain Disability Index, Illness
Intrusiveness Rating Scale, VAS pain intensity, age, and
time since injury. We used #-tests to compare outcome
scores (pain disability, pain intensity, illness intrusiveness,
and DASH) among the independent variables of workers’
compensation or litigation involvement (yes vs no) and
dominant hand affected (yes vs no). We used a one-way
analysis of variance to compare the outcome scores
of patients with brachial plexus injuries, single shoul-
der nerve injuries, and distal nerve injuries (median,
ulnar, and radial). A significant (p<<.05) F test (main
effect) was followed up with Tukey’s post hoc r-tests
to determine the pattern of significance among the 3
means.

We employed multivariate linear regression using
manual backward elimination to evaluate the variables
that predicted pain disability as measured by the Pain
Disability Index. The initial model included the follow-
ing independent variables: illness intrusiveness, DASH,
VAS pain intensity, workers’ compensation or litigation
involvement, dominant hand affected, time since injury,
gender, age, work status, and nerve injured. We as-
sumed collinearity between variables when they corre-
lated greater than 0.8. We performed manual backward
elimination” using the beta coefficient p value (.1 or
greater to remove a variable); the final model included
only the variables with a p value of .1 or less. We used
forward entry multiple regression to investigate the
unique variance accounted for by each significant vari-
able included in the final model.

We performed statistical analyses with SPSS (ver-
sion 15.0 for Windows; SPSS, Inc., Chicago, IL).

RESULTS

Table 1 presents the demographic data. There were 124
patients (83 men and 41 women) with an age of 41 *
16 years (range, 18—80 y). Time since injury was 24 =
27 months (median, 14 mo; range, 6—145 mo). The
brachial plexus was injured in 43 cases, and the domi-
nant arm was involved in 66 patients. Table 2 presents

TABLE 1. Patient Demographics

the scores for each outcome measure (Pain Disability
Index, Illness Intrusiveness Rating Scale, DASH, and
VAS pain intensity). The mean Pain Rating Index from
the SF-MPQ was 13.9 *= 10.8 (sensory, 11.1 * 8.1;
affective, 2.8 = 3.2). High levels of pain disability,
illness intrusiveness, and the DASH were reported, and
we found high internal consistency in these measures:
Pain Disability Index (e = .91), Illness Intrusiveness
Rating Scale (a = .92), and DASH (« = .96).

Relationships among pain disability, pain intensity, iliness
intrusiveness, and DASH

There was a strong correlation between pain disability
and illness intrusiveness (r = 0.738, p<<.001) and
DASH (r = 0.764, p<.001) (Table 3). We found a
weaker correlation between pain disability and pain
intensity (r = 0.549, p<.001).

Relationships among patient facters and pain intensity,
iliness intrusiveness, and disability

The ANOVA results showed a significant main effect
of injury (brachial plexus, single shoulder, and distal
nerve injuries) for DASH (F = 9.2, degrees of freedom
[df] = 2, df = 123, p<<.001) and the illness intrusive-
ness score (F = 4.3, df = 2, df = 123, p = .015) and
the pain disability score (F = 2.9,df =2,df = 123,p =
.059) approaching the conventional level of signifi-
cance. Post hoc analyses revealed that the DASH
(p<<.001), illness intrusiveness score (p = .01), and pain
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disability scores (p = .05) were significantly higher in
patients with brachial plexus injuries compared with
distal nerve injuries.

The illness intrusiveness (p = .03) and DASH scores
(p = .05) were significantly higher in patients with
workers’ compensation or litigation involvement com-
pared with patients without workers” compensation or
with no litigation (Table 2). Comparisons of the out-
come scores between patients with the dominant versus
nondominant hand affected revealed no significant dif-
ferences (Table 2). We found a weak correlation be-
tween time since injury and VAS pain intensity (r =
0.20, p = .02) and no significant correlation between
time since injury and DASH, pain disability, or illness
intrusiveness (Table 3). There were no significant cor-
relational relationships between age and DASH, pain
disability, illness intrusiveness, or VAS pain intensity.

 Between Outcome Scores and Inde

Multivariate regression

We used multivariate linear regression to evaluate fac-
tors associated with pain disability as measured by the
Pain Disability Index. None of the correlation coeffi-
cients between independent variables (gender, workers’
compensation or litigation involvement, dominant hand
injured, time since injury, age, nerve(s) injured, illness
intrusiveness, DASH, and VAS pain intensity) was
greater than 0.8, and therefore multicollinearity was not
evident. We performed tests for normality on the con-
tinuous variables. Time since injury (skewness of 2.75)
was positively skewed, with a mean of 24 months and
median of 14 months. A log 10 tranformation corrected
the nonnormality, and we used these data in the regres-
sion analyses. We used manual backward elimination to
eliminate variables until the final regression model had
been reached. The preliminary regression model in-




TABLE 3. Correlation Coefficients Between PDI
Scores and Other Questionnaires

cluded the following independent variables: gender,
workers’ compensation or litigation involvement, work
status, dominant hand injured, time since injury, age,
nerve(s) injured, Illness Intrusiveness Rating Scale,
DASH, and VAS pain intensity. With manual back-
ward elimination and .1 level of significance for re-
moval, the final regression model predicting pain dis-
ability scores explained 69.9% of the variance (Table 4)
and included the following predictor variables: DASH
(B = 452, p<.001), lllness Intrusiveness Rating Scale
(B = 372, p<.001), and VAS pain intensity (8 = .143,
p = .018). As single predictors, the explained variance
was higher with the DASH (* = 0.57) and illness
intrusiveness (r* = 0.55) and less with pain intensity
( = 0.30). To assess the influence of each of these
predictors, we used a forward entry regression model:
VAS pain intensity (step 1), lllness Intrusiveness Rating
Scale (step 2), and DASH (step 3). The change in
variance with the addition of each variable was VAS
pain intensity (r* change = 0.30), illness intrusiveness
(* change = 0.287), and DASH (i* change = 0.11).
After controlling for pain intensity and illness intrusive-
ness, the DASH still explained a large proportion of the
variance in the Pain Disability Index. To assess for
possible content overlap in the pain questions between
the Pain Disability Index and DASH, we also per-
formed the final regression analysis using the DASH
scores with 4 pain-related questions removed. The ex-
plained variance was 68.6%, and the change in variance
with the addition of the variable with the DASH score
(pain-related questions removed) was 9.8% (1* change =
0.098), indicating that the variance was not due to item
overlap between these questionnaires.

DISCUSSION
In this group of patients with chronic nerve injury who
had experienced trauma at least 6 months previously,

there was substantial pain disability, illness intrusive-
ness, and upper extremity disability. In the final regres-
sion model, illness intrusiveness, upper extremity dis-
ability, and pain intensity were predictors of pain
disability. After controlling for the influences of pain
intensity and illness intrusiveness, upper extremity dis-
ability as measured by the DASH still accounted for a
substantial amount of pain disability (11% of the vari-
ance). Therefore, disability associated with pain com-
prises more than pain intensity and also includes the
impact of the injury on life domains.

Many patients with traumatic nerve injury continue
to have long-term morbidity related to muscle weak-
ness, sensory dysfunction, and pain.'*~3¢=4° Depend-
ing on the nature and severity of the residual impair-
ments, specific life domains and health-related quality
of life may be affected.*" Illness intrusiveness arises as
a result of the interfering effects of illness or treatment-
related factors on multiple life domains.'*'> We found
high levels of illness intrusiveness in patients after trau-
matic upper extremity nerve injuries. Irish et al. re-
ported a mean illness intrusiveness score of 21 in pa-
tients who used obturator prostheses after primary
palatal defect reconstructions.'” Fong et al. evaluated
illness intrusiveness and quality of life in patients with
chronic renal disease. The mean illness intrusiveness
score was 17 in patients treated with home hemodialy-
sis, compared with 15 in patients receiving peritoneal
dialysis.*? In our study, the mean Illness Intrusiveness
Rating Scale score was 40, which suggests a high level
of illness intrusiveness in patients with upper extremity
nerve injury, compared with previous reports involving
patients with palatal defects and chronic renal disease.
Therefore, in patients with chronic nerve injury, mor-
bidity associated with the injury affects life domains.

Pain is a subjective symptom that is assessed by
patient report. There are various pain measurement
tools, including verbal rating scales (VRS), numeric
rating scales (NRS), VAS, and multidimensional ques-
tionnaires such as the MPQ. These scales provide an
indication of pain intensity and pain quality (such as
burning and aching) but do not assess the impact of pain
on life domains or the psychosocial factors that may be
associated with pain. The Pain Disability Index pro-
vides a patient-reported measure to assess the impact of
pain on life domains; it has not been previously reported
in patients with peripheral nerve injury.”>*! We found
high Cronbach’s alpha (o = 0.91) with the Pain Dis-
ability Index, which supports the use of this question-
naire in patients with nerve injury. The present sample
of patients with chronic nerve injury reported a mean
Pain Disability Index score of 29 and mean VAS pain



TABLE 4.

(Dependent Variable: Pain Disability Index)

intensity of 4.6 cm. Similar values of pain disability and
pain intensity were reported in patients with low back
pain.'® Gronblad et al. evaluated pain disability and
work-related factors in 107 patients with low back pain;
the mean Pain Disability Index was 28 and the mean
VAS pain intensity in the back was 47 mm.'® Another
study from the same institution reported a strong cor-
relation between pain disability and pain intensity (r =
0.69).” Turp et al. evaluated patients with facial pain,
with an overall mean pain disability score of 22 (range,
0-70) and higher pain disability scores in patients with
more widespread pain.'” In that study, the significant
predictors of the pain disability were pain distribution,
pain intensity, and depression symptoms, with pain
distribution having the most influence on pain disabil-
ity. In the present study, we found a moderate correla-
tion between the Pain Disability Index and VAS pain
intensity (r = 0.55, p<.001), and pain intensity was a
significant predictor of pain disability scores. Neverthe-
less, based on the standardized beta coefficients, illness
intrusiveness and upper extremity disability were stron-
ger predictors of pain disability. As a single predictor of
Pain Disability Index scores, pain intensity accounted
for only 30% of the variance, compared with illness
intrusiveness, which explained 55% of the variance.

Limitations of this study include a cross-sectional
design and inclusion of a select group of patients. The
cross-sectional data present a single point of assess-
ment; therefore, we cannot make conclusions regarding
causality. The patients included in this study had expe-
rienced trauma at least 6 months previously, which
represented a limited sample of patients who sought a
medical opinion for assessment or treatment. There are
patients who sustain a peripheral nerve injury and have
complete recovery with no pain; these patients likely do
not return for medical examination. However, there is
wide variability in the clinical presentation of patients
who do not have complete recovery, and it is our
clinical impression that these patients are most chal-
lenging to manage.

Final Multivariable Regression Model Using Manual Backward Elimination

In this study, patients with traumatic upper extremity
nerve injuries had substantial pain disability, upper ex-
tremity disability, and illness intrusiveness. Pain dis-
ability was associated with pain intensity, illness intru-
siveness, and upper extremity disability. We
recommend that pain intensity be considered as only
one component of pain, and in the context of disability,
the impact of this pain should be included in the assess-
ment of patients with chronic nerve injury.
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