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Impact of Preoperative and Incident Musculoskeletal 
Problematic Areas on Postoperative Outcomes After Total 
Knee Replacement
MaryAnn Zhang,1  Faith Selzer,2 Elena Losina,2  Jamie E. Collins,2  and Jeffrey N. Katz2

Objective. To examine impact of pre- existing and incident problematic musculoskeletal (MSK) areas after total 
knee replacement (TKR) on postoperative 60- month Western Ontario and McMaster Universities Osteoarthritis Index 
(WOMAC) pain/function scores.

Methods. Using data from a randomized controlled trial of subjects undergoing TKR for osteoarthritis, we assessed 
problematic MSK areas in six body regions before TKR and 12, 24, 36, and 48 months after TKR. We defined the following 
two variables: 1) density count (number of problematic MSK areas occurring after TKR; range 0- 24) and 2) cumulative 
density count (problematic MSK areas both before and after TKR, categorized into four levels: no preoperative areas and 
density count of 0- 1 [reference group]; no preoperative areas and density count of 2 or more; one or more preoperative 
areas and density count of 0- 1; and one or more preoperative areas and density count of 2 or greater). We evaluated 
the associations between categorized 60- month WOMAC and cumulative density count by ordinal logistic regression.

Results. Among 230 subjects, 24% reported one or more preoperative problematic MSK area. After TKR, 75% 
reported a density count of 0 to 1; 25% reported a density count of 2 or more. Compared with the reference group, each 
cumulative density count category was associated with an increased odds of having a higher category of 60- month 
WOMAC pain score, as follows: 2.97 (95% confidence interval [CI], 1.48- 5.98) for no preoperative problematic areas 
and density count of 2 or greater, 3.31 (95% CI, 1.64- 6.66) for one or more preoperative problematic areas and 
density count of 0 to 1, and 2.85 (95% CI, 0.97- 8.39) for one or more preoperative problematic areas and density 
count of 2 or greater. Similar associations were observed with 60- month WOMAC function score.

Conclusion. In TKR recipients, the presence of problematic musculoskeletal areas beyond the index knee— 
preoperatively and/or postoperatively— was associated with worse 60- month WOMAC pain/function score.

INTRODUCTION

Knee osteoarthritis affects roughly 14 million people in the 
United States (1). For those who experience significant knee pain 
and impaired mobility and who fail conservative management such 
as analgesics and physical therapy, total knee replacement (TKR) 
is an important treatment option (2– 4). TKR is generally successful 
at relieving knee pain, although studies report that 20% to 40% of 
TKR recipients experience some degree of persistent knee pain 
even 4 years following surgery (5,6). Given the risks of persistent 

pain and the lengthy rehabilitation process, evaluating an individ-
ual’s potential for persistent knee pain following surgery may be 
useful for optimizing TKR outcomes.

One factor to consider when assessing TKR outcomes is 
concomitant musculoskeletal (MSK) joint complaints beyond 
the index knee. Several studies have examined the relationship 
between preoperative MSK complaints and TKR outcomes. Pre-
operative total Western Ontario and McMaster Universities Oste-
oarthritis Index (WOMAC) scores in the contralateral knee were 
found to be modestly correlated with worse WOMAC total scores 

Supported by National Institute of Arthritis and Musculoskeletal and 
Skin Diseases grants T32- AR055885 (to MZ), K24- AR 057827 (to EL), and P30- 
AR072577 (to EL, JNK, FS, and JEC) and a Rheumatology Research Foundation 
Investigator Award (to JEC).

1MaryAnn Zhang, MD, MPH: New York Presbyterian Hospital, Columbia 
University College of Physicians and Surgeons; 2Faith Selzer, PhD, Elena 
Losina, PhD, Jamie E. Collins, PhD, Jeffrey N. Katz, MD, MSc: Brigham and 
Women’s Hospital, Harvard Medical School, Boston, Massachusetts.

Dr. Losina has received funding from research grants to the Brigham and 
Women’s Hospital from Genentech, Pfizer, and Samumed; has served as a 
consultant for Pfizer (less than $10 000); and serves as The Journal of Bone and 

Joint Surgery (JBJS) Deputy Editor for Methodology and Statistics. Dr. Katz has 
received research grants to the Brigham and Women’s Hospital from Samumed 
and Flexion Therapeutics. He serves as a JBJS Deputy Editor for Methodology 
and Statistics. Dr. Collins serves as a consultant to Boston Imaging Core Labs 
(less than $10 000) and serves as Osteoarthritis and Cartilage Associate Editor 
for Statistics. No other disclosures relevant to this article were reported.

Address correspondence to Jeffrey N. Katz MD, MSc, Orthopaedic and 
Arthritis Center for Outcomes Research, Department of Orthopedic Surgery, 60 
Fenwood Road, Suite 5016, Boston, MA 02115. Email: jnkatz@bwh.harvard.edu.

Submitted for publication July 15, 2020; accepted in revised form 
February 2, 2021.

http://creativecommons.org/licenses/by-nc/4.0/
https://orcid.org/0000-0002-0087-1039
https://orcid.org/0000-0002-3424-0892
https://orcid.org/0000-0001-8413-007X
mailto:
https://orcid.org/0000-0003-2104-4670
mailto:jnkatz@bwh.harvard.edu


ZHANG ET AL 584       |

in the index knee (r = 0.34; P < 0.001) roughly 3 years following 
TKR (7). Similarly, preoperative complaints in the neck, ankles, 
feet, and toes were associated with worse post- TKR WOMAC 
pain scores (8). Pre- existing lower back pain was also found to 
lead to worse postoperative pain function and satisfaction scores 
(9). Together, these studies illustrate that preoperative MSK com-
plaints beyond the index knee may be associated with persistent 
pain in the operative knee years after TKR.

Far less is known about the relationship between postoperative 
MSK joint complaints and TKR outcomes. In a previously published 
study using the same study cohort, Zhang et al reported that nearly 
half of subjects developed incident problematic MSK areas in the 4 
years following TKR, most commonly in the nonindex knee and back 
(10). Recipients who were female and obese and who had multi-
ple medical comorbidities, worse baseline index knee pain scores, 
and feelings of anxiety/depression were at higher risk of developing 
new MSK symptoms after TKR (10). The impact of these incident 
problematic MSK areas on long- term TKR outcomes has not been 
examined. If incident MSK areas do negatively affect postoperative 
outcomes, this information would be valuable to clinicians. Such infor-
mation would help identify optimal candidates for TKR and guide pre-
operative counseling to minimize postoperative patient dissatisfaction.

In this study, we sought to determine whether problematic MSK 
areas (preoperative and incident [postoperative]) after TKR for knee 
osteoarthritis have an impact on 60- month post- TKR WOMAC pain 
and function scores beyond that explained by baseline characteris-
tics. We hypothesized that even after adjustment for baseline covari-
ates, the presence of problematic MSK areas before TKR, combined 
with the development of incident areas after TKR, would be associ-
ated with worse 60- month WOMAC pain and function scores.

PATIENTS AND METHODS

Study sample. Our study cohort was drawn from the Add-
ing Value in Knee Arthroplasty (AViKA) Postoperative Care Naviga-
tion Trial, a randomized controlled trial that examined the efficacy 
of a motivational interviewing- based postoperative care navigator 
compared with usual care to improve functional status after TKR 
for knee osteoarthritis (11,12). The trial was conducted at Brigham 
and Women’s Hospital (BWH) in Boston, Massachusetts, from 
2010 to 2013, with 5- year follow- up data collected through the 
spring of 2019. All subjects spoke English, were at least 40 years 
old at the date of TKR, and underwent primary TKR for knee oste-
oarthritis. We excluded subjects with psychological issues pre-
cluding surgery, dementia, nursing home residency, implantation 
of unicompartmental knee arthroplasty, or bilateral TKR (simulta-
neous, staged, or planned within six months). The AViKA Naviga-
tor Trial was registered at ClinicalTrials.gov (NCT01540851) and 
was approved by the BWH Institutional Review Board. For this 
analysis, we included participants with a baseline questionnaire 
completed within 6 weeks before surgery and who completed the 
60- month WOMAC follow- up questionnaire.

Outcome measures. The primary outcomes of this analy-
sis were WOMAC pain and WOMAC function scores measured at 
the 60- month time point. The WOMAC is a validated questionnaire 
for hip and knee osteoarthritis that assesses lower extremity pain 
and function with a five- item pain subscale and 17- item functional 
limitation subscale (13). We transformed WOMAC scores to a 0-  
to 100- point scale, with 100 indicating the worst score. We then 
categorized the 60- month WOMAC scores into 0, 1 to 19, and 
20 or greater, corresponding with none, mild, and moderate to 
severe pain/functional limitation, respectively. We explicitly chose 
20 as the WOMAC cutoff score as it equated to “mild” symptoms 
while ensuring enough subjects in each WOMAC score category 
for an interpretable analysis.

Predictors of interest. Definition of problematic MSK 
area. We defined “problematic MSK areas” as body regions 
that were impacted during independent activities of daily living. 
To measure the presence of problematic MSK areas preopera-
tively, participants were asked, “In the past four weeks, to what 
extent did problems in the following areas limit your activities?” 
Participants could rate “none,” “a little,” or “a lot” for each of the 
following areas: neck, hands/wrists/arms/shoulders, back, hips, 
right knee, left knee, and ankles/feet. We then examined the 
associations between the following three different approaches 
to specifying the three- level responses to questions about limi-
tations in body areas: combining “none” and “a little” limitation; 
combining “a little” and “a lot” of limitation; and assigning one 
point to “a little” and two points to “a lot” of limitation. Combining 
“none” and “a little” and summing across baseline, 12- , 24- , 36- , 
and 48- month responses yielded the highest odds ratio in pre-
dicting 60- month WOMAC pain/function scores and, therefore, 
was the specification used in this analysis. Thus, only responses 
of “a lot” were deemed clinically relevant and categorized as 
“presence of a problematic MSK area,” with responses of “none” 
or “a little” viewed as the absence of a problematic MSK area. 
Excluding the index knee, problematic areas were summed to 
obtain the total number of MSK problematic areas preoperatively 
and categorized into zero, one, and two or more areas on the 
basis of the distribution of these data. In the instance that sub-
jects did not endorse whether a particular MSK- related body site 
was problematic, the body area was coded as nonproblematic.

Density count. To understand the impact of incident prob-
lematic MSK areas on postsurgical outcomes, we created the 
variable “density count.” Density count was defined as the total 
number of new problematic MSK areas from baseline across any 
body region after TKR over four follow- up time points (12, 24, 36, 
and 48 months). To ensure a prospective analysis, we did not in-
clude problematic MSK areas at 60 months. To qualify as a “new” 
problematic MSK area, the area had to be noted as either “none” 
or “a little” at baseline and “a lot” on at least one follow- up time 
point. Each instance that an area was rated as “none” or “a little” 
at baseline and was rated “a lot” at follow- up counted toward the 
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density count. Given the six body areas and four follow- up time 
points, the maximum possible density count was 24, but this de-
pended on baseline number of problematic areas. Density count 
was further categorized into zero to one, two to four, and five 
or more areas; this categorization followed the skewed distribution 
of the density count, with the last (five or more) category capturing 
the long right tail of the distribution. If subjects did not endorse 
whether a particular MSK- related body site was problematic at 
baseline, we coded it as nonproblematic (ie, imputed as zero). If a 
subject returned a follow- up questionnaire but did not respond to 
individual body site questions, the unanswered site at that particu-
lar time point was assumed to be nonproblematic. If a subject did 
not return a particular year’s questionnaire, all body sites at that 
particular time point were assumed to be nonproblematic.

Cumulative density count. To understand the impact of pre-
operative and incident problematic MSK areas on postsurgical out-
comes, we created the variable “cumulative density count.” This 
variable consisted of the following two components: 1) the total 
number of problematic MSK areas preoperatively and 2) the den-
sity count. Cumulative density count was initially categorized into 
the following four possible levels: 1) no problematic MSK areas 
preoperatively and a density count of 0 to 1 (reference group), 2) 
no problematic MSK areas preoperatively and a density count of 2 
or more, 3) one or more problematic MSK areas preoperatively and 
a density count of 0 to 1, and 4) one or more problematic MSK are-
as preoperatively and a density count of 2 or more. The number of 

problematic MSK areas preoperatively was dichotomized at zero 
versus one or more to compare those with and without preopera-
tive problematic areas. Density count was dichotomized at 0 to 1 
versus 2 or more on both clinical and distributional grounds, as we 
did not view a single problematic area over four years as clinical-
ly meaningful, and 76% of subjects had a density count of 0 to 1.

Additional covariates. Baseline covariates included age, 
sex, body mass index (BMI; in kg/m2), Charlson Comorbidity Index 
score (CCI), baseline WOMAC pain and function scores, Mental 
Health Inventory Five- Item scale (MHI- 5), and Pain Catastrophizing 
Scale (PCS). Age, BMI, and baseline WOMAC pain and function 
scores were analyzed as continuous variables. The CCI was cal-
culated on the basis of medical comorbidities that were extracted 
through electronic medical record review and was categorized as 0, 
1, and 2 or more; this distribution was the closest to creating roughly 
equal terciles (14). The MHI- 5 is a validated five- item screening tool 
for anxiety and depression, with scores summed and transformed 
linearly to a 0-  to 100- point scale, with 0 indicating the worst mental 
health status. On the basis of established cutoff criteria, we further 
dichotomized MHI- 5 scores into less than 68 and 68 or more, in 
which less than 68 identified subjects at risk of clinically meaningful 
anxiety and depression (15– 17). The PCS, a 13- item score, meas-
ures subjects’ catastrophizing, or amplified negative cognitions, 
towards pain, including magnification, rumination, and hopeless-
ness (18,19). Although the PCS is a validated measure, a variety of 

Table 1. Baseline characteristics of included versus excluded participants

Characteristics
Included Participants 

(N = 230)
Excluded 

Participants (N = 79) P Score
Age, mean (SD), y 66 (7.8) 68 (9.1) 0.04
Sex, n (%)

Male 85 (37) 38 (48) 0.09
Female 145 (63) 41 (52)

Body mass index, mean (SD), kg/m2 31 (5.8) 31 (7.0) 0.74
Charlson Comorbidity Index, n (%)

0 101 (47) 29 (40) 0.28
1 42 (19) 11 (15)
≥2 74 (34) 32 (44)

Number of musculoskeletal problematic areas 
preoperativelya, n (%)
0 174 (76) 54 (70) 0.44
1 37 (16) 13 (17)
≥2 19 (8) 10 (13)

Baseline WOMAC pain score,b mean (SD) 40 (17) 42 (20) 0.35
Baseline WOMAC function score, mean (SD) 40 (16) 43 (19) 0.18
Mental Health Inventory Five- Item Score,c n (%)

<68 40 (17) 26 (34) 0.004
≥68 190 (83) 51 (66)

Pain Catastrophizing Score,d n (%)
<16 177 (78) 49 (66) 0.05
≥16 50 (22) 25 (34)

WOMAC, Western Ontario and McMaster Universities Osteoarthritis Index.
a Presence of preoperative musculoskeletal problematic area was defined as a response of “a lot of limitation” for at 
least one region on baseline questionnaire. 
b Scores were transformed to a 0-  to 100- point scale (100 indicating the worst score). 
c Scores were transformed to a 0-  to 100- point scale (0 indicating the worst score). 
d Scores were dichotomized so that 16 or more was considered high pain catastrophizing. 



ZHANG ET AL 586       |

cutoff points have been cited across the literature. The distribution 
of PCS scores in our cohort was skewed toward 0, with 76% of 
subjects reporting a PCS score of less than 16. As a result, we 
dichotomized PCS into less than 16 or 16 or more, in which 16 
or more equated to high pain catastrophizing, as this cutoff corre-
lated with the 75th percentile of PCS scores in our cohort. A similar 
distributional approach was employed by the creators of the PCS 
for establishing cutoff scores (18). Another study examining preop-
erative pain catastrophizing and post- TKR outcomes also used a 
score of 16 as the cutoff (18,19). Although 16 or more may be an 
appropriate cutoff score in our study, its clinical relevance is unclear, 
and this cutoff may not be generalizable to other studies.

Given that the AViKA trial was negative with respect to the 
association between intervention and 6- month WOMAC pain 
score (primary aim), we did not adjust for the intervention arm.

Statistical analysis. We present descriptive statistics 
for the overall cohort as means (SDs) for continuous variables 
and as counts (percentages) for categorical variables. When 
comparing participants who completed the 60- month follow- up 
questionnaire with those who did not, we compared continu-
ous variables by Student’s t- tests or Wilcoxon rank sum test 
depending on distribution normality, whereas categorical vari-
ables were compared by χ2 or Fisher’s exact test (Table 1). We 
assessed the association between 60- month WOMAC pain and 
function scores (categorized as 0, 1- 19, and ≥20) with baseline 
characteristics using χ2 or Fisher’s exact test for categorical vari-
ables and ANOVA or Kruskal- Wallis test for continuous variables.

Primary analysis. To assess whether preoperative and incident 
postoperative problematic MSK areas influenced 60- month WOM-
AC pain and function categories, we used ordinal logistic regression, 
with the outcome (ie, 60- month WOMAC pain score) categorized 
at 0, 1 to 19, and 20 or more. We elected to use this method giv-
en the highly skewed nature of the 60- month WOMAC scores. The 
cut points are clinically meaningful; a score of 0 denotes no pain, 
and a score of 20 indicates that, on average, the subjects endorsed 
“mild” pain on the WOMAC pain items. We created the following 
three models for each outcome: 1) a baseline model, 2) the base-
line model with the addition of the cumulative density count (divided 
into four levels), and 3) the baseline model with cumulative density 
count (dichotomized). To create the baseline model, we included 
age (per 5 years) and sex in all models, as we deemed these to 
be clinically relevant. We then used stepwise selection for all other 
covariates (BMI, CCI, baseline WOMAC pain or function score per 
10 points, MHI- 5 <68, and PCS ≥16), with entry and exit criteria of P 
of less than 0.05. For the third model, we dichotomized cumulative 
density county by keeping the same reference group and collapsing 
the remaining three levels into a single indicator (≥1 problematic MSK 
areas preoperatively or a density count of ≥2) because the remaining 
three levels produced similar odds ratios in model 2. We calculated 
odds ratios (ORs), 95% confidence intervals (CIs), and C- statistics 
for all models. All models met the proportional odds assumption.

Sensitivity analysis. To assess whether density count alone 
influenced 60- month WOMAC pain and function scores, we cre-
ated the following two ordinal logistic regression models for each 
WOMAC outcome: 1) a baseline model and 2) the baseline mod-
el with the addition of the density count. The same methodology 
as described above was used to determine which covariates to 
include in the model. These models included “number of prob-
lematic MSK areas at baseline” and density count as separate 
covariates. We calculated ORs, 95% CIs, and C- statistics for 
all models. All models met the proportional odds assumption.

Analyses were conducted using SAS 9.4 (SAS Institute). 
Reported P values are two- sided, and P of less than 0.05 was 
considered statistically significant.

RESULTS

Patient characteristics. Baseline characteristics of the 
cohort are displayed in Table 2. Among the 309 enrolled sub-
jects, 230 (74%) completed the baseline and 60- month follow- up 
questionnaires and were included in the analyses. Of these 230, 
two subjects completed the 60- month WOMAC function score 
but failed to complete the 60- month WOMAC pain score. As a 

Table 2. Baseline Characteristics of Cohort

Characteristics Results (N = 230)
Age, mean (SD), y 66 (7.8)
Sex, n (%)

Male 85 (37)
Female 145 (63)

Body mass index, mean (SD), kg/m2 31 (5.8)
Charlson Comorbidity Index, n (%)

0 101 (47)
1 42 (19)
≥2 74 (34)

Number of musculoskeletal problematic 
areas preoperatively,a n (%)

0 174 (76)
1 37 (16)
≥2 19 (8)

Baseline WOMAC pain score,b mean (SD) 40 (17)
Baseline WOMAC function score, mean (SD) 40 (16)
Mental Health Inventory 5- Item Score,c n (%)

<68 40 (17)
≥68 190 (83)

Pain Catastrophizing Score,d n (%)
<16 177 (78)
≥16 50 (22)

WOMAC, Western Ontario and McMaster Universities Osteoarthritis 
Index.
Individuals who did not complete the 60- month follow- up 
questionnaire were excluded (n = 79).
a Presence of preoperative musculoskeletal problematic area was 
defined as a response of “a lot of limitation” for at least one region on 
baseline questionnaire. 
b Scores were transformed to a 0-  to 100- point scale (100 indicating 
the worst score). 
c Scores were transformed to a 0-  to 100- point scale (0 indicating the 
worst score). 
d Scores were dichotomized so that 16 or more was considered high 
pain catastrophizing. 
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result, all analyses with 60- month WOMAC pain score as the 
outcome included only 228 subjects. Of the 230 subjects, three 
(1%) completed only one follow- up questionnaire, five (2%) com-
pleted two follow- up questionnaires, 11 (5%) completed three 
follow- up questionnaires, 27 (12%) completed four follow- up 
questionnaires, and 184 (80%) completed all five follow- up ques-
tionnaires. For any particular MSK body region at any time point, 
roughly 15% of responses were missing and thus imputed.

Baseline characteristics of included versus excluded 
participants are displayed in Table 1. At baseline, excluded 
participants (n = 79) were slightly older (68 years old among 
the excluded versus 66 years old among the included) 
and more likely to report feelings of anxiety and depression 
(MHI- 5 scores of <68) (34% of the excluded versus 17% of 
the included) compared with subjects in the analytic cohort. 
There were no clinically important or statistically significant 
differences between included and excluded participants with 
respect to all other characteristics.

Of the 230 subjects included in this analysis, the mean (SD) 
age was 66 (7.8) years, 63% were female, the mean (SD) BMI 
was 31 (5.8) kg/m2, and 66% had a CCI of 0 or 1. With regard 
to presence of nonindex knee problematic MSK areas preoper-
atively, 76% had none, 16% had one area involved, and 8% had 
two or more areas involved. The mean (SD) baseline WOMAC 
score was 40 (17) for pain and 40 (16) for function. Seventeen 
percent of participants reported substantial baseline symptoms 
of anxiety and depression (MHI- 5 score of <68), whereas 22% of 
participants demonstrated high pain catastrophizing (PCS ≥16).

Sixty- month WOMAC pain and function scores by 
baseline characteristics, density count, and cumulative 
density count. Table 3 displays the distribution of 60- month 
WOMAC pain scores (categorized as 0, 1- 19, and ≥20) by base-
line characteristics, density count, and cumulative density count. 
Significant differences in the distribution of 60- month WOMAC pain 
scores were observed with the following characteristics: number 

Table 3. Sixty- month WOMAC pain scores by baseline characteristics, density count, and cumulative density 
count

60- Month WOMAC Pain Scores

0 (N = 127) 1- 19 (N = 61) ≥20 (N = 40) P Value
Age, mean (SD), y 66 (7.8) 66 (7.9) 66 (7.6) 0.91
Sex, n (%)

Male 56 (66) 19 (22) 10 (12) 0.05
Female 71 (50) 42 (29) 30 (21)

Body mass index, mean (SD), kg/m2 30 (5.7) 32 (6.0) 30 (5.6) 0.37
Charlson Comorbidity Index, n (%)

0 59 (59) 23 (23) 18 (18) 0.6
1 19 (45) 14 (33) 9 (21)
≥2 43 (59) 18 (25) 12 (16)

Number of musculoskeletal problematic 
areas preoperatively, n (%)
0 106 (61) 43 (25) 24 (14) 0.004
1 17 (46) 12 (32) 8 (22)
≥2 4 (22) 6 (33) 8 (44)

Baseline WOMAC pain score,a mean (SD) 38 (16) 39 (17) 50 (17) 0.0001
Baseline WOMAC function score, mean 

(SD)
38 (16) 40 (16) 49 (15) 0.0006

Mental Health Inventory Five- Item 
Score,b n (%)
<68 12 (31) 13 (33) 14 (36) 0.0005
≥68 115 (61) 48 (25) 26 (14)

Pain Catastrophizing Score,c n (%)
<16 104 (59) 47 (27) 26 (15) 0.17
≥16 22 (46) 14 (29) 12 (25)

Density count, n (%)
0- 1 106 (61) 45 (26) 22 (13) 0.0009
2- 4 16 (37) 15 (35) 12 (28)
≥5 5 (42) 1 (8) 6 (50)

Cumulative density count, n (%)
0 preoperative areas/0- 1 density count 89 (67) 33 (25) 10 (8) <0.0001
0 preoperative areas/≥2 density count 17 (41) 10 (24) 14 (34)
≥1 preoperative areas/0- 1 density count 17 (41) 12 (29) 12 (29)
≥1 preoperative areas/ ≥2 density count 4 (29) 6 (43) 4 (29)

WOMAC, Western Ontario and McMaster Universities Osteoarthritis Index.
a Scores were transformed to a 0-  to 100- point scale (100 indicating the worst score). 
b Scores were transformed to a 0-  to 100- point scale (0 indicating the worst score). 
c Scores were dichotomized so that 16 or more was considered high pain catastrophizing. 
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of MSK problematic areas preoperatively, baseline WOMAC pain 
score, baseline WOMAC function score, MHI- 5, density count, and 
cumulative density count. Table 4 displays the distribution of 60- 
month WOMAC function scores (categorized as 0, 1- 19, and ≥20) 
by preoperative characteristics, density count, and cumulative den-
sity count. Significant differences in the distribution of 60- month 
WOMAC function scores were observed with the following char-
acteristics: number of MSK problematic areas at baseline, baseline 
WOMAC pain score, baseline WOMAC function score, MHI- 5, and 
cumulative density count. Density count, however, was not signifi-
cantly different between 60- month WOMAC function score groups.

Primary analysis: ordinal logistic regression by 
cumulative density counts. The ordinal logistic regres-
sion model for 60- month WOMAC pain score showed signifi-
cant associations between pain and cumulative density count 
(model 2, Table 5). Compared with those with no preoperative 

problematic MSK areas and a density count of 0 to 1, the 
adjusted OR for cumulative density count was on the order of 
3.0 for the other groups: those with no preoperative problem-
atic MSK areas and a density count of 2 or more, those with 
one or more preoperative problematic MSK area and a density 
count of 0 to 1, and those with both one or more preopera-
tive problematic MSK area and a density count of 2 or more. 
The model C- statistic for the initial model (model 1) was 0.64; 
it improved to 0.70 (model 2), a relative increase of 9%, with 
the addition of cumulative density count. Because the model 
showed similar ORs for subjects who had one or more preoper-
ative problematic area, a density count of 2 or more, or both, we 
combined these variables into a single indicator, as follows: no 
preoperative problematic areas and density count 0 to 1 versus 
one or more preoperative problematic area or density count of 2 
or more. In this model, as compared with those with no preop-
erative problematic areas and density count 0 to 1, the adjusted 

Table 4. Sixty- month WOMAC function scores by baseline characteristics, density count, and cumulative 
density count

60- Month WOMAC Function Scores

0 (N = 70) 1- 19 (N = 114) ≥20 (N = 46) P Value
Age, mean (SD), y 65 (8.4) 66 (7.6) 67 (7.2) 0.41
Sex, n (%)

Male 30 (35) 43 (51) 12 (14) 0.18
Female 40 (28) 71 (49) 34 (23)

Body mass index, mean (SD), kg/m2 30 (5.7) 31 (5.8) 31 (5.7) 0.47
Charlson Comorbidity Index, n (%)

0 34 (34) 47 (47) 20 (20) 0.92
1 13 (31) 21 (50) 8 (19)
≥2 20 (27) 38 (51) 16 (22)

Number of musculoskeletal problematic 
areas at baseline, n (%)
0 60 (34) 89 (51) 25 (14) 0.0001
1 9 (24) 18 (49) 10 (27)
≥2 1 (5) 7 (37) 11 (58)

Baseline WOMAC pain score,a mean (SD) 39 (16) 38 (16) 48 (19) 0.0014
Baseline WOMAC function score, mean (SD) 38 (16) 39 (16) 48 (16) 0.0016
Mental Health Inventory Five- Item Score,b n (%)

<68 5 (13) 20 (50) 15 (38) 0.0019
≥68 65 (34) 94 (49) 31 (16)

Pain Catastrophizing Score,c n (%)
<16 58 (33) 90 (51) 29 (16) 0.07
≥16 11 (22) 24 (48) 15 (30)

Density count, n (%)
0- 1 60 (35) 84 (49) 29 (17) 0.09
2- 4 8 (18) 24 (53) 13 (29)
≥5 2 (17) 6 (50) 4 (33)

Cumulative density count, n (%)
0 baseline areas/0- 1 density count 51 (39) 68 (52) 13 (10) 0.0002
0 baseline areas/≥2 density count 9 (21) 21 (50) 12 (29)
≥1 baseline areas/0- 1 density count 9 (22) 16 (39) 16 (39)
≥1 baseline areas/ ≥2 density count 1 (7) 9 (60) 5 (33)

WOMAC, Western Ontario and McMaster Universities Osteoarthritis Index.
a Scores were transformed to a 0-  to 100- point scale (100 indicating the worst score). 
b Scores were transformed to a 0-  to 100- point scale (0 indicating the worst score). 
c Scores were dichotomized so that 16 or more was considered high pain catastrophizing. 
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OR for the presence of one or more preoperative problematic 
area or density count of 2 or more was 3.10 (95% CI, 1.79- 5.35) 
(model 3, Table 5).

Based on the ordinal logistic regression model for 60- 
month WOMAC function (model 2, Table 6), the adjusted OR 
for cumulative density count was similar to those observed with 
60- month WOMAC pain score, with ORs for each category of 
the cumulative density count ranging from 2.17 to 3.54 com-
pared with those with no problematic MSK areas preoperatively 

and a density count of 0 to 1. The C- statistic for the initial model 
(model 1) was 0.64; it improved to 0.68 in the final model (model 
2). As with the WOMAC pain model, we then combined the 
MSK pain variables into a single indicator. In this model and rel-
ative to those without preoperative MSK pain and who reported 
0 to 1 painful areas during follow- up, the adjusted OR for the 
presence of one or more preoperative problematic area or den-
sity count of 2 or more was 2.80 (95% CI, 1.62- 4.81) (model 3, 
Table 6).

Table 5. Ordinal logistic regression models for 60- month WOMAC pain category by cumulative density 
count

Variable

Model 1 Model 2 Model 3

OR (95% CI) OR (95% CI) OR (95% CI)
Age per 5 y 1.04 (0.88- 1.23) 0.99 (0.83- 1.17) 0.99 (0.83- 1.18)
Female sex 2.16 (1.24- 3.77) 1.88 (1.06- 3.35) 1.86 (1.05- 3.29)
MHI- 5 <68 3.78 (1.95- 7.33) 3.19 (1.61- 6.31) 3.14 (1.60- 6.18)
Cumulative density counta

0 preoperative areas/0- 1 density count - Ref Ref
0 preoperative areas/≥2 density count - 2.97 (1.48- 5.98) - 
≥1 preoperative areas/0- 1 density count - 3.31 (1.64- 6.66) - 
≥1 preoperative areas/ ≥2 density count - 2.85 (0.97- 8.38) - 
≥1 preoperative areas or ≥2 density 

countb
- - 3.10 (1.79- 5.35)

C- statistic 0.64 0.70 0.69
CI, confidence interval; MHI- 5, Mental Health Inventory (0 indicating the worst score); OR, odds ratio; Ref, 
reference; WOMAC, Western Ontario and McMaster Universities Osteoarthritis Index (categorized as 0, 1- 
19, and ≥20).
The following covariates were also included in the models but did not reach statistical significance: body 
mass index, Charlson Comorbidity Index, baseline WOMAC pain score, and Pain Catastrophizing Scale.
aCumulative density count consisted of number of problematic musculoskeletal areas present preoperatively 
(either 0 or ≥1) and density count (either 0- 1 or ≥2). 
bIn model 3 only, cumulative density count consisted of the following two groups: 1) zero preoperative areas 
and 0 to 1 density count and 2) one or more preoperative area or 2 or greater density count. 

Table 6. Ordinal logistic regression models for 60- month WOMAC function category by cumulative 
density count

Variable

Model 1 Model 2 Model 3

OR (95% CI) OR (95% CI) OR (95% CI)
Age per 5 y 1.17 (0.99- 1.38) 1.10 (0.93- 1.29) 1.10 (0.94- 1.30)
Female sex 1.53 (0.90- 2.58) 1.46 (0.86- 2.49) 1.45 (0.85- 2.45)
Baseline WOMAC function per 10 points 1.20 (1.03- 1.41) - - 
MHI- 5 <68 3.08 (1.55- 6.12) 3.10 (1.55- 6.19) 2.97 (1.50- 5.89)
Cumulative density counta

0 preoperative areas/0- 1 density count - Ref Ref
0 preoperative areas/≥2 density count - 2.17 (1.08- 4.36) - 
≥1 preoperative areas/0- 1 density count - 3.54 (1.74- 7.19) - 
≥1 preoperative areas/ ≥2 density count - 3.17 (1.08- 9.27) - 
≥1 preoperative areas or ≥2 density 

countb
- - 2.80 (1.63- 4.81)

C- statistic 0.64 0.68 0.68
CI, confidence interval; MHI- 5, Mental Health Inventory; OR, odds ratio; Ref, reference; WOMAC, Western 
Ontario and McMaster Universities Osteoarthritis Index (categorized as 0, 1- 19, and ≥20).
The following covariates were also included in the models but did not reach statistical significance: body 
mass index, Charlson Comorbidity Index, and Pain Catastrophizing Scale.
a Cumulative density count consisted of number of problematic musculoskeletal areas present 
preoperatively (either 0 or ≥1) and density count (either 0- 1 or ≥2). 
b In model 3 only, cumulative density count consisted of the following two groups: 1) zero preoperative 
areas and 0 to 1 density count and 2) one or more preoperative area or 2 or greater density count. 
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Sensitivity analysis: ordinal logistic regression by 
density count. When the number of preoperative problematic 
MSK areas and density count were incorporated as separate 
covariates in a model of WOMAC pain score at 60 months, 
the density count variable did not “step in” according to entry/
exit criteria and needed to be forced into the model (model 2, 
Table 7). The adjusted OR was 2.09 (95% CI, 1.08- 4.05) for a 
density count of 2 to 4 and 3.53 (95% CI, 1.11- 11.18) for a 
density count of 5 or more in comparison with a density count 

of 0 to 1. Similarly, when the number of problematic MSK areas 
assessed preoperatively and density count were incorporated 
as separate covariates in a model of WOMAC function score at 
60 months, the density count variable, once again, did not step 
into the model based on the entry/exit criteria. The adjusted OR 
was 1.86 (95% CI, 0.96- 3.60) for a density count of 2 to 4 and 
2.12 (95% CI, 0.65- 6.85) for a density count of 5 or more in 
comparison with a density count of 0 to 1 (model 2, Appendix 
Table 8).

Table 7. Ordinal logistic regression models for 60- month WOMAC pain category 
by density count

Variable

Model 1 Model 2

OR (95% CI) OR (95% CI)
Age per 5 y 0.99 (0.84- 1.18) 0.98 (0.82- 1.17)
Female sex 2.06 (1.17- 3.63) 1.82 (1.02- 3.23)
MHI- 5 <68 3.92 (1.99- 7.72) 3.31 (1.66- 6.58)
Number of musculoskeletal 

problematic areas 
preoperatively, n (%)
0 Ref Ref
1 1.52 (0.76- 3.07) 1.46 (0.72- 2.97)
≥2 5.71 (2.19- 14.87) 6.39 (2.44- 16.73)

Density count
0- 1 - Ref
2- 4 - 2.09 (1.08- 4.05)
≥5 - 3.53 (1.11- 11.18)

C- statistic 0.68 0.71
CI, confidence interval; MHI- 5, Mental Health Inventory; OR, odds ratio; Ref, 
reference; WOMAC, Western Ontario and McMaster Universities Osteoarthritis 
Index (categorized as 0, 1- 19, and ≥20).
The following variables were included in the models but were not statistically 
significant: body mass index, Charlson Comorbidity Index, baseline WOMAC pain 
score, and Pain Catastrophizing Scale.

Table 8. Ordinal logistic regression models for 60- month WOMAC function category 
by density count

Variable

Model 1 Model 2

OR (95% CI) OR (95% CI)
Age per 5 y 1.10 (0.93- 1.30) 1.09 (0.92- 1.29)
Female sex 1.60 (0.94- 2.70) 1.43 (0.84- 2.44)
MHI- 5 <68 3.77 (1.88- 7.55) 3.27 (1.62- 6.62)
Number of musculoskeletal 

problematic areas preoperatively, 
n (%)
0 Ref Ref
1 1.62 (0.81- 3.24) 1.55 (0.77- 3.10)
≥2 8.30 (3.06- 22.54) 8.97 (3.29- 24.49)

Density count
0- 1 - Ref
2- 4 - 1.86 (0.96- 3.60)
≥5 - 2.12 (0.65- 6.85)

C- statistic 0.67 0.69
CI, confidence interval; MHI- 5, Mental Health Inventory; OR, odds ratio; Ref, reference; 
WOMAC, Western Ontario and McMaster Universities Osteoarthritis Index (categorized 
as 0, 1- 19, and ≥20).
The following variables were included in the models but were not statistically 
significant: body mass index, Charlson Comorbidity Index, baseline WOMAC function 
score, and Pain Catastrophizing Scale.
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DISCUSSION

In this cohort of elective TKR recipients, the presence of 
problematic MSK areas before TKR and the development of new 
problematic MSK areas after surgery, as represented by cumu-
lative density count, was significantly associated with worse 60- 
month WOMAC pain and function scores, even after adjustment 
for age, sex, baseline WOMAC function scores, and preoperative 
levels of anxiety and depression (MHI- 5 <68). These findings high-
light that both preoperative and postoperative problematic MSK 
complaints appear to be associated with chronic knee pain after 
TKR. This analysis also highlights that new areas of musculoskele-
tal pain arise frequently after TKR and influence long- term surgical 
outcomes. We are not able to ascertain the origin of these painful 
areas but highlight this as an important topic for future research.

Our results further support the idea that pain is a complex 
entity and difficult to predict. The addition of cumulative density 
count to the initial model led to rather modest increases in the 
C- statistic, underscoring that although this variable provides addi-
tional prediction, its marginal effect is not large. When we exam-
ined preoperative and postoperative problematic areas separately 
(Tables 7 and 8), these analyses also showed rather modest con-
tributions to the prediction of pain and function scores.

Although no other studies have examined incident MSK com-
plaints, our results align with previous literature on concomitant 
pain elsewhere and TKR outcomes. Wylde et al found that major 
depression and “number of pain problems elsewhere” were sig-
nificant determinants of persistent pain 3 to 4 years after TKR (5). 
In that study, several years after surgery, participants were asked 
whether they suffered from pain in the preceding 4 weeks in any 
of the following five body areas: hips, ankles or feet, upper limbs, 
neck, and back. They were also asked whether they suffered 
from the following five pain conditions: migraine, irritable bowel 
syndrome, fibromyalgia, tinnitus, or chronic fatigue syndrome. 
Responses from both questions were combined into a single score 
categorized as 0, 1 to 2, 3 to 4, and 5 or more. Subjects with a 
score of at least 5 had 11.8- fold greater odds (95% CI, 5.33- 26.07) 
of being grouped in a worse WOMAC pain category after TKR than 
a better one compared with those with a score of 0. In another 
study by Liu et al, the authors identified postoperative “presence of 
pain in other areas of the body” as a risk factor for persistent and 
severe postsurgical knee pain, which was defined as a pain score 
of at least 5/10, 1 year after TKR (OR, 1.54; 95% CI, 1.25- 1.90) 
(20). Although neither of these studies explicitly measured incident 
MSK complaints after TKR, the findings document an association 
between multifocal pain and persistent postsurgical knee pain.

Indeed, multiple studies have demonstrated a link between 
widespread pain sensitization and chronic postsurgical knee pain. 
Whether a connection can be drawn between incident MSK areas 
and hyperalgesia is still unknown. Lundblad et al showed that low 
preoperative pain thresholds measured by electrical stimulation were 
significantly associated with worse visual analog scale (VAS) knee 

pain scores 18 months after TKR (21). Wylde et al found that lower 
pre- TKR pressure pain thresholds in the forearm (greater widespread 
pain sensitization) were correlated, albeit modestly, with more severe 
1- year WOMAC pain scores (r = 0.37; P = 0.008) (22). Similarly, 
greater preoperative temporal summation of pain was correlated 
with worse VAS scores 12 months after TKR (r = 0.24; P = 0.037) 
(23). Although it is possible that incident MSK areas after TKR are a 
result of focal MSK processes, it is also possible that they reflect dif-
fuse pain syndromes that predispose individuals to problematic MSK 
areas. Further research is needed to discern the exact mechanism.

These data may help clinicians set appropriate expectations 
with patients in discussions about TKR outcomes. Multiple stud-
ies have demonstrated that patient satisfaction with TKR is asso-
ciated with patient expectations, which can be modified through 
preoperative patient education (24– 28). Frank conversations 
between providers and patients regarding the risk of new sites 
of limitation and attendant risk of greater pain over follow- up may 
help minimize postoperative dissatisfaction. These concepts are 
important but also complex and will require careful explanation.

Although this study had a number of strengths, including large 
sample size, 5- year follow- up, and a comprehensive assessment 
of incident and persistent MSK pain, we note several limitations. 
The study cohort was derived from a single tertiary academic 
center, limiting generalizability, although the age range and sex 
breakdown of the cohort was representative of patients undergo-
ing TKR in the United States (29). We did not ascertain laterality 
(left versus right) of problematic MSK areas (except for knees) or 
differentiate between certain joints (ie, hands/wrists/arms/shoul-
ders and ankles/feet were grouped together). This may have led 
to underreporting of problematic joints. Subjects who did not pro-
vide data on specific problematic areas (either because they did 
not complete the questionnaire or did not complete specific items) 
were assumed to have no limitations in these areas. This is a con-
servative assumption and seems unlikely to influence results given 
that 80% of subjects completed all five questionnaires and 92% 
completed four or five questionnaires. Nevertheless, it is possible 
that the 15% of total responses that were missing and assumed 
to be nonproblematic could have led to miscalculation of ORs. 
It is difficult to know exactly how this missing data would have 
impacted the association between density count and 60- month 
outcomes. We also excluded subjects who did not complete the 
60- month follow- up questionnaire. Excluded subjects had greater 
baseline anxiety and depression scores than included subjects. 
Based on our previous work, these participants would have likely 
had high density and cumulative density counts, leading to worse 
60- month WOMAC scores (10). When calculating density count, 
we also gave equal weight to each area at each time point; for 
example, a single MSK problematic area present over three differ-
ent time points had the same density count as three different MSK 
problematic areas present at one time point. Although it is possi-
ble these two scenarios impacted 60- month outcomes differently, 
we felt that combining number of problematic areas and time into 
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a single variable, the density count, was the most efficient method 
of capturing and evaluating the impact of these data. Finally, it is 
important to note that we did not evaluate change from baseline 
for longitudinally assessed instruments such as CCI and MHI- 5. 
As such, it is possible baseline data for factors such as BMI, CCI, 
MHI- 5, and PCS changed over time and that 60- month WOMAC 
scores could have been influenced in unmeasured ways.

Pre- existing and incident problematic MSK areas after TKR 
were associated with modest worsening in 60- month WOMAC 
pain and function scores. These findings underscore the com-
plexity of predicting problematic and functional outcomes follow-
ing TKR. Clinicians may find these associations useful in providing 
risk stratification and counseling both preoperatively and over the 
course of follow- up after TKR.
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