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Abstract

Background Greater levels of self-reported pain, pain
catastrophizing, and depression have been shown to be
associated with persistent pain and functional limitation
after surgeries such as TKA. It would be useful for clini-
cians to be able to measure these factors efficiently.
Questions/purposes We asked: (1) What is the associa-
tion of whole-body pain with osteoarthritis (OA)-related
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knee pain, function, pain catastrophizing, and mental
health? (2) What is the sensitivity and specificity for dif-
ferent cutoffs for body pain diagram region categories in
relation to pain catastrophizing?

Methods Patients (n = 267) with knee OA undergoing
elective TKA at one academic center and two community
orthopaedic centers were enrolled before surgery in a
prospective cohort study. Questionnaires included the
WOMAC Pain and Function Scales, Pain Catastrophizing
Scale (PCS), Mental Health Inventory-5 (MHI-5), and a
pain body diagram. The diagram documents pain in 19
anatomic areas. Based on the distribution of the anatomic
areas, we established six different body regions. Our
analyses excluded the index (surgically treated) knee.
Linear regression was used to evaluate the association
between the total number of nonindex painful sites on the
whole-body pain diagram and measures of OA-related pain
and function, mental health, and pain catastrophizing.
Generalized linear regression was used to evaluate the
association between the number of painful nonindex body
regions (categorized as 0; 1-2; or 3—6) with our measures
of interest. All models were adjusted for age, sex, and
number of comorbid conditions. The cohort included 63%
females and the mean age was 66 years (SD, 9 years). With
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removal of the index knee, the median pain diagram score
was 2 (25™, 75™ percentiles, 1, 4) with a range of 0 to 15.
The median number of painful body regions was 2 (25",
75™ percentiles, 1, 3).

Results  After adjusting for age, sex, and number of
comorbid conditions, we found modest associations
between painful body region categories and mean scores
for WOMAC physical function (r = 0.22, p < 0.001),
WOMAC pain (r=0.20, p=0.001), MHI-5 (r=—0.31,p <
0.001), and PCS (r = 0.27, p < 0.001). A nonindex body
pain region score greater than 0 had 100% (95% CI, 75%—
100%) sensitivity for a pain catastrophizing score greater
than 30 but a specificity of just 23% (95% CI, 18%—-29%) .
A score of 3 or greater had greater specificity (73%; 95%
ClI, 66%—79%) but lower sensitivity (53%; 95% CI, 27%—
78%).

Conclusions We found modest associations between the
number of painful sites on a whole-body pain diagram and
the number of painful body regions and measures of OA-
related pain, function, pain catastrophizing, and mental
health. Patients with higher self-reported body pain region
scores might benefit from further evaluation for depression
and pain catastrophizing.

Level of Evidence Level 111, therapeutic study.

Introduction

Osteoarthritis (OA) of the knee affects more than 9 million
adults in the United States [16]. Because there are no
effective pharmacologic treatments for stopping or
reversing structural progression in patients with OA,
management focuses on weight reduction, aerobic exercise,
physical therapy, and symptomatic pain relief including
corticosteroid injection [8, 19]. Ultimately, as much as 50%
of patients with knee OA want a TKA to improve mobility
and quality of life [32].

Although most patients who undergo TKA experience
substantial pain relief, as much as 20% with OA have
persistent pain and functional limitations 6 months after
surgery [5, 35, 36]. Studies have shown that pain catas-
trophizing, greater medical comorbidity, lower educational
attainment, depression, fear avoidance, and other
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psychologic factors are associated with persistent pain and/
or enhanced functional limitations after TKA [9, 10, 17, 26,
29, 35]. Pain catastrophizing has been defined as “an
exaggerated negative mental set brought to bear during
actual or anticipated painful experience” [31]. Prior
research on factors associated with persistent OA-related
knee pain (lasting more than 6 months) found that pain
catastrophizing explained a substantial proportion of vari-
ance in measures of pain, psychologic disability, and
limitations in walking speed [27, 29, 30]. Similarly, worse
mental health (including depression) and greater number of
pain problems have been associated with worse THA and
TKA outcomes [22, 29, 36]. Given the large number of
TKAs performed, poor symptomatic outcomes constitute a
prevalent and expensive health problem in the United
States [1, 7, 11]. As such, risk factors associated with
suboptimal responses to treatment are an area of active
investigation.

Body pain diagrams, which have been used for more
than 20 years in musculoskeletal pain research, provide a
rapid and inexpensive way to measure the extent, distri-
bution, and location of pain [14, 18, 21, 24, 28].
Widespread pain has been recognized as a poor prognostic
factor in diseases such as rheumatoid arthritis, cancer, and
chronic low back pain, and a poor prognostic factor for
outcome of TKA [18, 28].

We investigated whether the pain diagram, which we
used to document widespread pain, is associated with
established risk factors for persistent symptoms after TKA,
including depression, pain severity, and pain catastrophiz-
ing. Because widespread pain has been associated with
poor outcome in various diseases [4, 12, 13, 24, 28], and
because widespread pain is often clinically understood as a
sign of psychologic distress [15, 19, 23, 27, 28, 33, 34], we
posited that widespread pain, as documented on a pain
diagram, would be associated with catastrophizing and
depression and poor functional status.

We therefore asked: (1) Are greater numbers of painful
body sites, and painful body regions as measured by a
widespread body pain diagram, associated with higher
levels of catastrophizing and psychologic distress? (2)
What are the sensitivity and specificity of different cutoffs
for body pain diagram regions in relation to pain
catastrophizing?

Patients and Methods

The Study of Total Knee Arthroplasty Responses (STARs)
is a prospective cohort study of patients with the primary
diagnosis of osteoarthritis of the knee undergoing elective
unilateral TKA. STARs was designed to evaluate the
prevalence and risk factors for suboptimal outcomes after
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TKA. Institutional review board approval was obtained for
all research sites. We recruited patients at one academic
center in New York City (NYU Langone Medical Center)
and at two community orthopaedic centers (Orthopaedic
Center of the Rockies, Fort Collins, CO, USA, and
University of Maryland St. Joseph Medical Center, Tow-
son, MD, USA) between September 2012 and April 2014.

Subjects included English-speaking community-dwell-
ing persons who were at least 40 years old at the time of
study entry. At each of the three surgery practices, a local
study associate identified all potentially eligible subjects
and provided the subject’s contact information to the
Brigham and Women’s Hospital research coordinators
(KMK, IU). The coordinators contacted all potential sub-
jects to confirm eligibility, explain the study, and determine
subject interest in participation. Baseline data collection
occurred before surgery. Study participants were reim-
bursed (USD 25) for returning questionnaires. Of 707
patients referred by the clinical sites for enrollment in the
study, 385 agreed to participate and were found to be eli-
gible on phone screening; 267 of these subjects returned
questionnaires before surgery and thus were included in
these analyses.

The cohort was 63% female with a mean age of 66 years
(SD, 9 years). Among the three study enrollment sites,
there were no clinically important differences among
patients regarding age, sex, or highest level of education.

The baseline questionnaire included a body pain dia-
gram [6] based on the Widespread Pain Index [33, 34],
with a list of 19 checkboxes corresponding to anatomic
areas throughout the body that study participants were
asked to check if they had any current pain at those sites.
We delineated six different body regions using the 19 sites
on the body pain diagram. These regions included the left
upper extremity (left shoulder girdle, left upper arm, and
left lower arm), right upper extremity (right shoulder gir-
dle, right upper arm, and right lower arm), left lower
extremity (left hip/buttock, left upper leg, and left lower
leg), right lower extremity (right hip/buttock, right upper
leg, and right lower leg), back or neck (upper back, lower
back, and neck), and chest and abdomen. To best capture
widespread pain (beyond the index knee), we removed the
index knee. The median pain diagram score excluding the
index knee was 2 (25™, 75" percentiles, 1, 4) and the range
was between 0 and 15. When we aggregate pain sites to
regions, the median number of painful body regions,
excluding the index knee was 2 (25", 75" percentiles, 1,
3). The observation that 2 of the subjects reported pain
scores of 2 or less reflects the highly right-skewed distri-
butions of the body pain and body region scores. Thus, we
grouped subjects in categories based on the number painful
body region scores. We found no important differences
across body region categories in mean age, median BMI,
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level of education, health insurance type, or site of study
enrollment (Table 1).

Outcome measures included the WOMAC, a widely
used questionnaire validated for patients with hip and knee
OA that consists of a five-item pain scale, two items for
stiffness, and a 17-item functional limitation scale. Sub-
jects responded to each item by checking one of five
ordinal Likert responses [2]. We included the WOMAC
function and pain scales. In each scale, the responses to
questions were summed and scaled from 0 to 100 using a
linear transformation with 100 being the worst possible
score. We assessed the continuous specification of the
WOMAC scales and also categories of scores including O
to 14, 15 to 39, 40 to 69, and 70 or greater with higher
scores indicative of worse OA-related pain or physical
function. To assess the degree of pain catastrophizing,
including patients’ negative or exaggerated attitudes
toward pain, we used the 13-item Pain Catastrophizing
Scale (PCS) [30]. In addition to the continuous specifica-
tion, we used a cutoff of 30 or greater as representing a
high degree of pain catastrophizing [15, 23, 30]. The five-
item Mental Health Index-5 (MHI-5) [3, 25] was used as a
measure of anxiety and depressive feelings. The questions
are summed and scaled from O to 100 using a linear
transformation. We examined the score as a continuous
variable and as a dichotomous variable with lower scores
(< 68) indicative of worse mental health [3, 25].

Subjects also answered questions regarding their demo-
graphic characteristics, their expectations of having a
completely successful surgery, and of having a surgical
complication (infection of the knee prosthesis, nerve damage,
or dislocation of the knee prosthesis), and medical compli-
cation (including pneumonia, blood clot, or heart attack).
Patients rated the likelihood of these events occurring as 0% to
10%, 11% to0 25%, 26% to 50%, 51% to 75%, or 76% to 100%.
Subjects also completed items documenting use of medica-
tions, assistive devices, and appointments with healthcare
providers during the prior 3 months.

Statistical Analysis

We included only baseline data for this analysis. Descrip-
tive statistics either were summarized as means (£ SD) or
medians (25th and 75" percentiles) for continuous vari-
ables, depending on normality, and as percentages for
categorical variables. Differences between proportions
were assessed by the chi-square test or Fisher’s exact test
and continuous variables were compared by Student’s
t-tests or Wilcoxon nonparametric tests. Furthermore, the
test for trend was assessed using the Jonckheere-Terpstra
test for continuous variables and the Cochran-Mantel-
Haenszel test of trend for categorical variables. Linear
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Table 1. Baseline demographic, clinical, and resource utilization characteristics by regional body pain groups in STARS participants

Characteristic Regional body pain diagram groups p Value
0 (n =55) 1-2 (n = 134) 3-6 (n =78) Overall
Number Percent, mean Number Percent, mean Number Percent, mean
(SD) median (SD) median (SD) median
(25", 75" (5™, 75" (25", 75"
percentiles) percentiles) percentiles)
Age (years) 55 66 (8) 132 65 (9) 78 66 (9) 0.65
Female 0.20
No 20 36 56 42 23 29
Yes 35 64 78 58 55 71
Surgical site 0.27
Maryland 25 45 46 3443 23 29
Colorado 16 29 58 22 36 4624
NYU Langone 14 25 30 19
Education 0.78
High school or less 13 24 25 19 20 26
Some college, vocational, or technical education 15 27 34 26 19 25
Undergraduate or technical school degree 27 49 73 55 38 49
White race 0.71
No 6 11 14 10 11 14
Yes 49 89 120 90 67 86
Current smoker 0.84
No 52 96 125 95 75 96
Yes 2 4 7 5 3 4
Number of comorbid conditions* 0.04
0 19 36 33 25 14 18
1 19 36 54 41 23 29
2 12 23 31 23 26 33
>3 3 6 15 11 15 19
BMI (kg/m?) 54 29 (25, 34) 130 30 (26, 34) 73 30 (27, 33) 0.65
Ability to extend knee 0.004
Completely extend 30 55 61 46 30 39
Between 5°-10° from full extension 20 36 39 29 19 25
Between 11°-20° from full extension 5 9 23 17 12 16
More than 20° from full extension 0 10 8 15 20
Ability to bend knee (%) 0.01
To 90° 9 7 10 13
To 100° 15 11 5 7
To 110° 4 26 20 23 31
To 120° 17 31 42 32 17 23
> 120° 26 47 40 30 20 27
Number of pain sites* 55 0 (0, 0) 134 2(1,2) 78 54, 6) < 0.0001
Range, 0-1 Range, 1-6 Range, 3-15
Use of supportive device 0.005
No 42 78 92 72 37 53
Yes 12 22 36 28 33 47
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Table 1. continued

Number of different healthcare 0.04
professional services sought’
Oorl 8 15 26 20 11 14
2 23 42 46 35 17 22
3 15 27 38 29 23 30
>4 9 16 22 17 26 34
Number of medications taken daily 0.05
0-3 33 61 70 53 32 42
4-8 18 33 54 41 32 42
> 8 3 6 9 7 13 17
Current use of medication for knee pain or 0.02
discomfort
None 20 36 31 2330 15 19
Occasional 22 40 40 47 22 29
Almost daily 13 24 62 40 52
Rating for expectation of completely 0.004
successful TKA
0%—-75% 2 4 5 4 12 15
76%—-100% 53 96 126 96 66 85
Rating for expectation of complicated 0.04
surgery
0%-10% 45 82 99 76 49 64
11%-25% 3 513 21 16 18 23
26%-100% 10 8 10 13
Rating for expectation of medical 0.25
complication
0%-10% 40 73 103 79 53 69
11%-25% 9 16 22 17 16 21
26%-100% 6 11 5 4 8 10

STARS = Study of Total Knee Arthroplasty Responses; * comorbid conditions = diabetes mellitus, depression, stomach ulcers, cancer, chronic

kidney disease, liver disease, cardiovascular disease, and hypertension;

visits to orthopaedic surgeons, primary care physicians, rheumatologists,

emergency department personnel, physical therapists, chiropractors, acupuncturists, yoga/tai chi instructors, or nurses/physician assistants; tindex leg
sites have been removed; body regions = left upper extremity = left shoulder girdle, left upper arm, and left lower arm; right upper extremity = right
shoulder girdle, right upper arm, and right lower arm; left lower extremity = left hip/buttock, left upper leg, and left lower leg; right lower extremity =
right hip/buttock, right upper leg, and right lower leg; back/neck = upper back, lower back, and neck; abdomen/chest = abdomen and chest.

regression was used to evaluate the correlations between
body pain scores and continuous measures of OA-related
pain and function, mental health, and pain catastrophizing.
Furthermore, generalized linear models adjusting for age,
sex, and number of comorbid conditions were run to assess
the association between body region categories and OA-
related pain and function and mental health scores. The
model output included adjusted mean values (£ standard
error [SE]) and pairwise comparisons for the three body
pain regions. Pearson correlation analysis was used to
examine the associations between the categories of pain-
region score and the continuous versions of the WOMAC
pain and function scales, MHI-5, and pain catastrophizing.

We evaluated sensitivity and specificity of the nonindex
body region pain score in relation to the PCS using a value
of 30 as the threshold for high catastrophizing [29]. For
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these calculations, we categorized the number of painful
body regions as either 0 to 2 versus 3 or greater or as 0
versus 1 or greater (Table 2). The second categorization
was chosen to investigate any nonindex pain versus none.
Contingency tables were used to calculate the sensitivity
and specificity and positive and negative predictive values
of the body pain categories and accepted cutoffs for the
PCS. A PCS score of 30 or greater, recognized as a high
catastrophizing score [27, 29] served as the gold standard
in these analyses. We used two different cutoffs (0 vs > 1;
1-2 vs > 3) of the body pain category scores to examine
tradeoffs between sensitivity and specificity.

All statistical analyses were performed using SAS™
software, Version 9.4 (Cary, NC, USA), and a two-sided p
value of 0.05 or less was considered to indicate statistical
significance.
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Results

Overall, we found modest associations between the con-
tinuous measure of body region scores and number of
painful body sites and worse scores on continuous

Table 2. Sensitivity, specificity, and positive and negative predictive
values

Body regions Pain catastrophizing (gold standard)  Totals
> 30 <30

3-6 8 56 64
0-2 7 152 159
Totals 15 208 223
Sensitivity (95% CI) 53% (27%—78%)
Specificity (95% CI) 73% (66%—79%)
Predictive value

Positive (95% CI) 12% (6%—-24%)

Negative (95% CI) 96% (91%, 98%)
1-6 15 160 175
0 0 48 48
Totals 15 208 223

Sensitivity (95% CI)

Specificity (95% CI)

Predictive value
Positive (95% CI)
Negative (95% CI)

100% (75%—100%)
23% (18%-29%)

9% (5%—14%)
100% (91%—-100%)

measures of the MHI-5 score (regions, r = —0.24; sites,
r = —0.31), PCS score (regions, r = 0.24; sites, r = 0.27),
WOMAC physical function (regions, r = 0.25; sites, r =
0.22), and WOMAC pain (regions, r = 0.20; sites, r = 0.20)
(p < 0.001 for all comparisons). Subjects with a greater
number of painful body regions were more likely than
those were fewer painful body regions to be grouped in the
highest PCS score category (> 30), indicating more
catastrophizing (p = 0.03). MHI-5 scores less than 68 also
were more common in the subjects with the greatest
number of painful body regions (p = 0.005), as were worse
scores on the WOMAC pain and function scales (Table 3).
When adjusted for sex, age, and number of medical
comorbidities, we observed associations between increas-
ing number of painful body region categories and
increasing mean scores for WOMAC physical function,
WOMAC pain, and PCS, and decreasing mean scores with
the MHI-5 (Table 4). For WOMAC physical function, the
adjusted mean (SE) score for participants reporting no
body pain, low (1-2 regions) and high (> 3 regions) were
43 (3), 48 (2), and 53 (3), respectively. Similarly, for
WOMAC pain and the three ordered pain-region cate-
gories, the adjusted means (SE) were 40 (3), 43 (2), and 49
(3), and for pain catastrophizing, the adjusted means (SE)
were 9 (2), 12 (2), and 16 (2). The adjusted mean MHI-5
scores decreased with each increase in number of painful
body region category. The mean (SE) adjusted MHI-5
scores were 68 (4) for participants reporting no pain

Table 3. Baseline pain and function scores by regional body pain groups in STARS participants

Outcome Regional body pain diagram groups p Value
0 (n =55) 1-2 (n = 134) 3-6 (n = 78) Overall
Number Percent Number Percent Number Percent
WOMAC function categories 0.05
0-14 5 9 6 5 5 6
15-39 21 39 50 38 18 23
40-69 27 50 69 52 44 56
> 70 1 2 8 6 11 14
WOMAC pain categories 0.02
0-14 6 11 5 4 5 7
15-39 21 38 54 40 17 22
40-69 25 45 69 51 44 58
> 70 3 5 6 4 10 13
MHI-5 score categories 0.005
0-67 10 19 38 29 34 44
68-100 44 81 95 71 43 56
Pain catastrophizing categories 0.03
<30 48 100 104 94 56 88
> 30 0 0 7 6 8 13

STARS = Study of Total Knee Arthroplasty Responses; MHI-5 = five-item Mental Health Index.
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Table 4. Mean scores and CI by regional body pain groups

Questionnaire

Regional body pain diagram group

Pairwise comparisons

None

Low (1-2) High (> 3) p value trend

None vs low None vs high Low vs high

WOMAC physical function (n = 260)

Adjusted mean (SE) 43 (3) 48 (2) 53 (3)

95% CI 37-50 43-53 48-58
WOMAC pain (n = 260)

Mean (SE) 40 (3) 43 (2) 49 (3)

95% CI 33-46 38-48 44-55
MHI-5 (n = 259)

Mean (SE) 68 (4) 66 (3) 58 (3)

95% CI 61-75 61-72 52-64
Pain Catastrophizing Scale (n = 219)

Mean (SE) 9(2) 12(2) 16 (2)

95% CI 5-14  8-15 12-19

0.001

Difference —5 -10 -5

95% CI —11to2 —17 to -3 —1lto1

p value*  0.22 0.003 0.09
0.001

Difference —3 -10 —6

95% CI —10to 3 —17 to =2 —12t0 0

p value *  0.60 0.004 0.03
0.002

Difference 2 10 8

95% CI —5t09 2-18 2-14

p value * 1.00 0.006 0.006
0.002

Difference —2 -6 —4

95% CI —7t02 —11to -2 —8to 0

p value*  0.58 0.005 0.04

MHI-5 = five-item Mental Health Index; * adjusted for multiple comparisons using Bonferroni method.

beyond the index joint, 66 (3) for the low category, and 58
(3) for participants with three or more painful body regions.
The sensitivity and specificity analysis for pain catas-
trophizing and nonindex body region pain revealed that a
nonindex body region pain score of 1 or more had 100%
(95% CI, 75%—-100%) sensitivity for a pain catastrophizing
score greater than 30 but a specificity of just 23% (95% ClI,
18%—-29%). Furthermore, the positive predictive value was
9% (95% CI, 5%—14%) and negative predictive value was
100% (95% CI, 91%—-100%). A nonindex body pain region
score of 3 or more had greater specificity for a catastro-
phizing score greater than 30 (73%; 95% CI, 66%—79%)
but lower sensitivity (53%; 95% CI, 27%-78%), with a
positive predictive value of 12% (95% CI, 6%—24%) and a
negative predictive value of 96% (95% CI, 91%-98%).

Discussion

Pain diagrams have been associated with poor outcomes
for numerous disorders [4, 13, 15, 24, 28]. Widespread
pain, which can be documented with pain diagrams, has
been associated with psychologic distress [24, 28, 33, 34].
These observations suggest that a body pain diagram might
be associated with psychologic distress including catas-
trophizing and depression. Our objective was to determine
whether a body pain diagram was associated with measures
of pain catastrophizing, depression, and functional status in
patients with advanced OA before TKA at three centers.
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Limitations of our study include that the body regions
delineated on our pain diagram do not correspond directly to
joints, which might result in underreporting of joint pain. In
addition, in some studies patients were allowed to record out-
of-body or external sites of pain on pain diagrams [20]. We
could not examine this phenomenon because our diagram did
not permit subjects to record out-of-body painful sites.

In a cohort of preoperative patients with knee OA at
three orthopaedic centers, we found that more widespread
pain as noted by either a greater number of painful body
sites or painful body regions documented on a body pain
diagram was associated with greater preoperative levels of
pain catastrophizing, worse mental health, greater pain
scores, and reduced physical function. These modest
associations persisted when adjusted for sex, age, and
number of medical comorbidities. Several psychologic
factors, including anxiety or depression and catastrophiz-
ing, are associated with worse outcomes of surgical
procedures including TKA [15, 17, 23, 26, 31, 32]. Thus,
the association we documented between painful body
regions as determined using a body pain diagram and the
MHI-5 and PCS scores suggests that the pain diagram may
be useful in identifying patients at risk for a poor surgical
outcome. This hypothesis will be tested in future work.
Future studies also should examine whether the associa-
tions documented here between body pain diagram and
measures of catastrophizing, depression, pain, and function
are mediated by other musculoskeletal conditions, psy-
chologic conditions, or other factors.
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The 100% sensitivity of a diagram score of 1 or greater
indicates that a normal pain diagram (excluding index
joint) will be useful for ruling out catastrophizing. Simi-
larly, for both body region categorizations, a high negative
predictive value (96% and 100%, respectively) was
reported, indicating that subjects with a low number of
painful body regions (0-2) may be expected by the clini-
cian to have low pain catastrophizing.

We found associations between more widespread pain
as indicated by a higher number of painful body regions
shown on a body pain diagram and measures of pain
catastrophizing, mental health, and OA-related pain and
function. While patients with 0 to 2 painful body regions
had a 96% negative predictive value for pain catastro-
phizing, patients with higher self-reported pain might
benefit from additional evaluation for depression and pain
catastrophizing. By limiting evaluation for psychologic
predictors of TKA outcome to a smaller subset of preop-
erative candidates, we anticipate fewer burdens for
orthopaedic surgeons and patients. These analyses are
cross-sectional; future research should investigate whether
the degree of generalized pain as assessed from a body pain
diagram is associated with poor surgical outcome.
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