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Abstract

Background: Health status is an important predictor of patient outcomes. Consequently, identifying patient
predictors of health status is essential. In musculoskeletal orthopaedic care, the majority of work examining the
association between patient characteristics and health status has been undertaken among hip/knee cohorts. We
investigate these associations comparing findings across four musculoskeletal cohorts (hip/knee; foot/ankle;
neck/back; elbow/shoulder).

Methods: Patients seeking elective musculoskeletal orthopaedic care were recruited prior to consultation.
Questionnaires captured health domain status (bodily pain, physical functioning, and mental and general health)
and covariates: demographics; socioeconomic characteristics; and comorbidity. Scores were compared across
cohorts. Two path regression analyses were undertaken. First, domain scores were simultaneously examined as
dependent variables in the overall sample. Subsequently, the model was assessed stratified by cohort.

Results: 1,948 patients: 454 neck/back, 767 hip/knee, 378 shoulder/elbow, 349 foot/ankle. From stratified analyses,
significant variability in covariate effects was observed. Worse bodily pain scores were associated with increasing
age and female sex among hip/knee, low income among foot/ankle, and overweight/obese for foot/ankle and
hip/knee. Worse mental health scores were associated with low income across cohorts except elbow/shoulder, low
education within neck/back, and compared to Whites, Blacks had significantly worse scores among foot/ankle,
better scores among hip/knee. Worse general health scores were observed for Asians among hip/knee, Blacks
among foot/ankle, and South-Asians among elbow/shoulder and neck/back.

Conclusion: The substantial heterogeneity across musculoskeletal cohorts suggests that patient- and cohort-
specific approaches to patient counsel and care may be more effective for achieving optimal health and outcomes.

Keywords: Health status, Patient characteristics, Orthopaedics, Patient education
* Correspondence: raja.rampersaud@uhn.ca
1Division of Orthopaedic Surgery, Toronto Western Hospital, University
Health Network, 1st Floor, East Wing, Room 441, Toronto, ON, Canada
4Department of Surgery, Faculty of Medicine, University of Toronto, Toronto,
ON, Canada
Full list of author information is available at the end of the article

© 2013 Perruccio et al.; licensee BioMed Central Ltd. This is an Open Access article distributed under the terms of the Creative
Commons Attribution License (http://creativecommons.org/licenses/by/2.0), which permits unrestricted use, distribution, and
reproduction in any medium, provided the original work is properly cited.

mailto:raja.rampersaud@uhn.ca
http://creativecommons.org/licenses/by/2.0


Perruccio et al. BMC Musculoskeletal Disorders 2013, 14:83 Page 2 of 10
http://www.biomedcentral.com/1471-2474/14/83
Background
Elective orthopaedic surgical care for musculoskeletal
disorders comprises strategies to optimize patient health
and related quality of life, patient education, and shared
decision-making evaluating the risks and benefits to sur-
gical and non-surgical treatment options [1]. Success in
this endeavour hinges on a great extent to understanding
the patient population and critically recognizing how pa-
tient characteristics relate to and may influence health
status. Generally, the literature has identified variability
in the association between individual patient characteris-
tics and patient-reported health status, willingness to
consider surgery, and satisfaction with care [2-14]. To
date, there has been limited work in this area within
musculoskeletal orthopaedic care, and the focus has pri-
marily been on hip and knee replacement cohorts.
Whether associations between personal patient charac-
teristics and patient-reported health status are similar
for non-hip and -knee cohorts is unknown, however.
This knowledge gap potentially minimizes the effective-
ness of strategies related to patient education, efforts to
modify health behaviours, and shared decision-making
should differences exist. Therefore, a developed under-
standing of these relationships is essential to enable cli-
nicians to truly tailor strategies such that individual
patients ultimately realize maximal health outcomes and
satisfaction with their decisions and care.
To our knowledge, there has not been a study which

has directly compared patient-reported health status
across patients seeking musculoskeletal orthopaedic care
for different anatomical regions. Further, no investiga-
tions have assessed whether the associations between
personal characteristics and health status vary across
these patient cohorts. While comparisons of health out-
comes across different studies can be helpful, comparabil-
ity is enhanced when the groups are examined within the
context of the same study with identical measurement of
health status and analytic strategy. In this study, we
focused on comparing patient-reported health status
measures across four cohorts seeking musculoskeletal
orthopaedic care (foot/ankle; elbow/shoulder; neck/back;
hip/knee). We investigated whether differences in health
statuses were explained by differential distributions of
personal patient characteristic between the cohorts, and
determined whether the associations between these char-
acteristics and health measures varied across cohorts.

Methods
This cross-sectional study consecutively recruited indi-
viduals seeking elective musculoskeletal orthopaedic care
while waiting for a consultation at the orthopaedic am-
bulatory clinic of an academic hospital in Toronto
Canada from 2008 to 2010. Eligibility criteria included
ages ≥18 years, diagnosis of degenerative hip or knee,
shoulder or elbow, or foot or ankle pathology and de-
generative neck or back disc pathology or spinal stenosis
(including degenerative spondylolisthesis). As well, in-
dividuals had to have sufficient fluency in English to
complete the questionnaire, not be institutionalized in
non-voluntary and/or dependent residence, competent to
give informed consent, and not suffering from any
emergent-musculoskeletal, traumatic, myelopathy-related,
or inflammatory conditions to be eligible. The study was
approved by the University Health Network Research Ethics
Board. Written informed consent was obtained from all
study participants.
Consenting patients completed a questionnaire prior

to consultation. All responses were self-reported. Partici-
pating surgeons confirmed, post-consultation, whether
eligibility/exclusion criteria were met. The questionnaire
included the Medical Outcomes Short Form-36 (SF-36)
[15], and also captured patient demographics, socioeco-
nomic characteristics, and comorbid conditions.
The SF-36 was specifically chosen as it is the most

widely used generic health measure, not targeted to spe-
cific ages, diseases, or treatment groups. It has docu-
mented reliability and validity in general population and
clinical samples, and across varied conditions [15-17].
We focused on four health domains measured by the
SF-36. Physical functioning, comprised of 10 items,
assessed the extent to which an individuals’ health lim-
ited vigorous or moderate activities such as running,
lifting, moving, climbing, and walking. Bodily pain, a 2-
item scale, assessed the amount of pain and the extent
to which the pain interfered with normal work activities
(both in and outside the home). General health, a 5-item
scale, assessed patient perceptions of their overall health
status. Finally, Mental health, a 5-item scale, assessed
psychological distress and well-being. Each of the health
domain scores was standardized to a 0–100 scale, with
lower scores representing worse health/well-being.
The questionnaire also captured patient age, sex,

household income (low (<$45,000); middle (45,000 -
<60,000); high (≥$60,000); and as nearly 18% of the sam-
ple did not provide income, a missing category also was
retained), level of education (≤high school graduation;
post-secondary), racial background (White; Asian; Black;
South Asian; Other), height and weight, used to calculate
body mass index (BMI) (kg/m2; normal (BMI ≤ 24.99);
overweight (25 < =BMI < =29.99); obese (BMI ≥ 30), and
number of comorbid chronic conditions (based on self-
reported indications from a list of 18 conditions, with the
option of reporting others).
Statistical Methods
Sample descriptives were examined for the overall sam-
ple and by cohort. Statistical comparisons across cohorts
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were made by way of analysis of variance, chi-square
test, or Kruskal-Wallis Test as appropriate.
Two sets of path regression analyses were undertaken.

In the first set, all health domain scores were simultan-
eously examined as dependent variables in the overall
sample. An indicator variable identifying the cohort was
specified as a predictor variable (reference: hip/knee), along
with age, sex (reference: male), level of income (reference:
high) and education (reference: ≥post-secondary), race/
ethnicity (reference: White), comorbidity count, and over-
weight and obesity (reference: normal BMI). Cognizant
that the health status outcomes are interrelated to some
degree (beyond the effects of the predictor variables), the
outcomes were specified to co-vary in the model.
To identify any differences across cohorts, the second

set of regressions investigated the same model but with
the analyses stratified by cohort. Again, health domain
scores were specified to co-vary.
Analyses were carried out using Mplus 6.1 [18] using full

information maximum likelihood. Conservatively, sample
size determination was based on the stratified model, with
the requirement of at least five subjects per parameter to
be estimated in covariance structure modeling [19,20].
Based on our stratified model, comprised of 65 parameters,
this required an n ≥ 325 within each cohort. For the
Table 1 Sample demographic and health characteristics, over
across cohorts

Overall sample
(n = 1948)

Foot/Ankle
(n = 349)

El

Sex Female 48.6 60.7

Income Low 23.2 22.4

Missing 17.7 11.9

Education <= high school 32.6 21.6

Race White 78.4 81.1

Asian 5.0 4.2

Black 4.5 2.8

South Asian 4.3 3.9

Other 7.8 8.1

Body Mass Index Overweight 38.0 34.3

Obese 24.7 19.8

Age 51.9 (18–93) 49.0 (18–84)

Comorbidity Count 1.5 (1.9) 1.5 (1.9)

Body Mass Index 27.2 (5.4) 26.3 (5.3)

Bodily Pain 40.5 (23.5) 47.9 (24.3)

Physical Functioning 52.2 (28.6) 60.7 (28.6)

Mental Health 68.7 (20.3) 71.4 (18.9)

General Health 66.3 (21.1) 68.9 (21.3)
smallest surgical cohort (foot/ankle (n = 349)), the available
n provided 20.5 cases per variable in the model.

Results
Two-thousand patients completed the survey with valid
data from 1,948 patients: 454 (23%) for neck/back, 767
(39%) for hip/knee, 378 (20%) for shoulder/elbow, and
349 (18%) for foot/ankle. Significant differences were
observed in sex, education, and overweight/obese pro-
portions across the cohorts (Table 1). The greatest pro-
portion of women was found among the foot/ankle group,
low educational attainment among the neck/back cohort,
and greatest proportion of overweight/obese among the
hip/knee cohort. Income differences were marginally non-
significant across cohorts, with the proportion of low
household income greatest among the shoulder/elbow co-
hort. Significant age differences were observed across
cohorts, with the highest mean age (55.5 years) among the
hip/knee. The difference between the oldest (hip/knee)
and youngest cohorts (foot/ankle and neck/back) was 6 -
years, and age ranges were similar across the groups.
Significant differences across the cohorts were found

across all health domain scores (Table 1). Lower mean
scores (i.e. worse scores) were found among the neck/
back group for bodily pain, among the hips/knees for
all and by surgical cohort, including tests of differences

bow/Shoulder
(n = 378)

Neck/Back (n = 454) Hip/Knee (n = 767) p-value

Proportions (%)

39.2 48.1 48.1 <0.0001

27.1 19.4 23.8 <0.0001

11.5 30.6 15.8

33.4 37.8 34.1 <0.0001

74.8 79.2 78.3 0.1897

5.3 5.6 4.9

5.3 4.1 5.0

4.0 4.1 4.9

10.6 6.9 6.9

40.6 36.5 39.5 <0.0001

23.4 21.5 29.5

Means (sd)

50.7 (18–90) 49.0 (18–87) 55.5 (18–93) <0.0001

1.3 (1.7) 1.5 (1.9) 1.7 (1.9) 0.0011

27.0 (4.7) 26.8 (5.5) 27.9 (5.6) <0.0001

42.5 (23.7) 37.0 (23.7) 38.1 (22.1) <0.0001

66.1 (25.2) 47.3 (27.8) 44.4 (27.1) <0.0001

70.2 (19.8) 65.0 (21.1) 69.0 (20.3) <0.0001

67.9 (20.3) 61.1 (22.0) 67.3 (20.4) <0.0001
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physical functioning, and among the neck/back for men-
tal and general health.
From combined analyses (Table 2), adjusted for demo-

graphic factors, comorbidity and BMI, neck/back patients
had worse health domain scores, except for physical func-
tioning, compared to hip/knee patients. Compared to the
hip/knee group, foot/ankle patients had better health
domain scores, except for general health. The elbow/
shoulder group had similar health domain scores to the
hip/knee group, except for physical functioning where bet-
ter scores were observed in the elbow/shoulder group.
Table 2 Path regression results; cohorts considered together*

Bodily pain

Predictors

Age −0.14

(−0.21, -0.07)

Sex (ref: Male) Female −2.99

(−5.14, -0.85)

Income (ref: high) Low −6.71

(−9.97, -3.46)

Missing 1.51

(−1.35, 4.36)

Education (ref: >high school) <= high school −4.36

(−6.65, -2.07)

Race (ref: White) Asian 4.47

(−0.32, 9.25)

Black −2.35

(−7.53, 2.84)

Other 0.92

(−3.01, 4.84)

South Asian −0.88

(−5.96, 4.19)

Comorbidity Count −2.11

(−2.70, -1.52)

Body Mass Index (ref: Normal) Overweight −3.49

(−5.93, -1.05)

Obese −7.28

(−10.03, -4.54

Cohort (ref: Hip/Knee) Foot/Ankle 7.18

(4.22, 10.14)

Elbow/Shoulder 1.95

(−0.96, 4.85)

Neck/Spine −3.40

(−6.15, -0.64)

*all health domain scores were simultaneously assessed as dependent variables, wi
**bolded estimates represent statistical significance (i.e. p < 0.05).
Increasing age was associated with worse bodily pain
and physical functioning scores, and better mental
health scores. Women had worse scores for bodily pain
and physical functioning but no sex differences were ob-
served for other health domains. Consistently, a lower
level of household income and educational attainment
was associated with worse health domain scores. Com-
pared to Whites, Blacks had significantly worse general
health scores, and South Asians worse physical function-
ing and general health scores. Across cohorts, increasing
comorbidity was associated with worse health domain
Dependent variables: health domain scores*

Physical func. Mental health General health

Beta Coefficients**

(95% Confidence Limits)

−0.31 0.20 0.04

(−0.39, -0.23) (0.14, 0.26) (−0.02, 0.10)

−3.68 −1.37 0.37

(−6.08, -1.27) (−3.21, 0.46) (−1.50, 2.23)

−7.54 −7.87 −5.52

(−11.18, -3.90) (−10.66, -5.07) (−8.35, -2.69)

−0.19 −1.67 −2.61

(−3.38, 3.01) (−4.11, 0.77) (−5.08, -0.14)

−5.18 −3.36 −2.55

(−7.75, -2.61) (−5.32, -1.40) (−4.54, -0.57)

1.49 3.12 −5.10

(−3.88, 6.86) (−0.97, 7.21) (−9.26, -0.95)

−2.53 −1.12 −5.48

(−8.34, 3.28) (−5.60, 3.35) (−10.01, -0.95)

0.48 −0.62 −1.39

(−3.92, 4.88) (−3.99, 2.75) (−4.81, 2.02)

−7.50 −0.55 −4.69

(−13.15, -1.86) (−4.88, 3.77) (−9.07, -0.32)

−2.36 −2.83 −3.87

(−3.01, -1.70) (−3.33, -2.32) (−4.38, -3.36)

−3.53 0.34 −0.89

(−6.27, -0.80) (−1.75, 2.42) (−3.01, 1.22)

−8.84 0.28 −5.44

) (−11.92, -5.75) (−2.08, 2.63) (−7.83, -3.06)

12.27 2.86 0.28

(8.94, 15.59) (0.32, 5.40) (−2.29, 2.85)

18.38 0.48 −0.87

(15.12, 21.65) (−2.00, 2.97) (−3.38, 1.65)

−0.39 −2.87 −6.34

(−3.49, 2.70) (−5.23, -0.52) (−8.74, -3.95)

th allowance for correlations between health domain scores;
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scores. Finally, obesity was associated with worse scores
for all health domains, except mental health.
From stratified analyses, a number of differential ef-

fects on the health domain scores were noted across the
cohorts. Results are presented in Tables 3, 4, 5, 6 for
each of the four health domains, respectively.
For bodily pain (Table 3): Increasing age was generally

associated with worse scores. While female sex was asso-
ciated with worse scores, generally, the effects were
much larger within elbow/shoulder and hip/knee group,
where scores were 4–5 points lower for women, as com-
pared to the foot/ankle group where the difference in
scores between men and women was less than 0.5
points. Low income was associated with worse scores,
and this effect was most notable for the foot/ankle
Table 3 Cohort-stratified path regression results; outcome: bo

Foot/Ankle

(n = 349)

Predictors

Age −0.14

(−0.31, 0.03)

Sex (ref: Male) Female −0.25

(−5.46, 4.96)

Income (ref: high) Low −11.42

(−18.97, -3.88

Missing 2.92

(−5.15, 11.00)

Education (ref: >high school) ≤ high school −5.58

(−11.74, 0.58)

Race (ref: White) Asian 1.91

(−10.65, 14.47

Black −3.84

(−19.78, 12.09

Other 1.77

(−7.37, 10.91)

South Asian −1.36

(−13.95, 11.22

Comorbidity Count −1.64

(−3.09, -0.19)

Body Mass Index (ref: Normal) Overweight −6.47

(−12.25, -0.69

Obese −13.27

(−20.00, -6.54

*all health domain scores were simultaneously assessed as dependent variables, wi
**bolded estimates represent statistical significance (i.e. p < 0.05).
group, where scores were 11 points lower for the low in-
come group as compared to those with high income.
Compared to Whites, Asians tended towards better
scores across the cohorts. However, this was much more
so among the elbow/shoulder group, where Asians had
average scores 16 points higher than Whites. Being over-
weight or obese was generally associated with worse
bodily pain scores. The negative effects of being obese
were most pronounced for the foot/ankle group, with
average scores 13 points lower for obese vs. normal
BMI, compared to 4–7 points lower among the other
groups.
For physical functioning (Table 4): Women had lower

scores in three of the cohorts, (approximately 6–7 points
lower for elbow/shoulder and hip/knee, and 4 points
dily pain score*

Elbow/Shoulder Neck/Back Hip/Knee

(n = 378) (n = 454) (n = 767)

Outcome: Bodily Pain Score

Beta Coefficients**

(95% Confidence Limits)

−0.04 −0.13 −0.23

(−0.21, 0.13) (−0.28, 0.03) (−0.34, -0.12)

−4.07 −1.33 −5.06

(−9.18, 1.04) (−6.03, 3.37) (−8.27, -1.86)

−4.95 −7.55 −4.41

) (−12.38, 2.49) (−15.26, 0.16) (−9.33, 0.52)

5.05 2.85 −1.56

(−3.03, 13.13) (−2.09, 7.78) (−6.07, 2.96)

−4.46 −3.88 −3.58

(−9.70, 0.78) (−8.61, 0.85) (−7.10, -0.06)

16.07 3.33 2.34

) (4.85, 27.28) (−6.85, 13.51) (−4.72, 9.40)

−0.87 −5.84 −0.36

) (−13.33, 11.60) (−17.46, 5.78) (−7.33, 6.61)

2.34 −2.62 2.01

(−5.71, 10.38) (−11.69, 6.45) (−4.21, 8.24)

0.68 2.61 −2.81

) (−12.34, 13.71) (−8.49, 13.71) (−10.00, 4.38)

−3.47 −1.95 −1.71

(−5.02, -1.92) (−3.18, -0.72) (−2.56, -0.85)

3.23 −3.60 −4.99

) (−2.43, 8.89) (−8.79, 1.60) (−8.76, -1.22)

−6.19 −3.54 −7.12

) (−12.82, 0.43) (−9.69, 2.60) (−11.15, -3.09)

th allowance for correlations between health domain scores;



Table 4 Cohort-stratified path regression results; outcome: physical functioning score*

Foot/Ankle Elbow/Shoulder Neck/Back Hip/Knee

(n = 349) (n = 378) (n = 454) (n = 767)

Outcome: Physical Functioning Score

Predictors Beta Coefficients**

(95% Confidence Limits)

Age −0.25 −0.20 −0.34 −0.38

(−0.45, -0.04) (−0.37, -0.03) (−0.51, -0.17) (−0.51, -0.25)

Sex (ref: Male) Female 5.13 −6.85 −4.06 −6.20

(−0.96, 11.22) (−11.88, -1.82) (−9.28, 1.17) (−9.93, -2.46)

Income (ref: high) Low −14.29 −10.28 −0.56 −5.42

(−23.07, -5.50) (−17.61, -2.96) (−9.08, 7.96) (−11.15, 0.30)

Missing −1.56 −6.34 2.86 0.21

(−10.99, 7.87) (−14.19, 1.51) (−2.65, 8.37) (−5.05, 5.47)

Education (ref: >high school) ≤ high school −6.59 −5.12 −5.50 −4.28

(−13.78, 0.60) (−10.28, 0.04) (−10.77, -0.22) (−8.39, -0.18)

Race (ref: White) Asian −3.13 4.47 4.10 0.92

(−17.80, 11.54) (−6.59, 15.53) (−7.16, 15.35) (−7.31, 9.16)

Black 3.80 −10.12 −2.21 −0.18

(−14.83, 22.42) (−22.12, 1.88) (−15.21, 10.79) (−8.31, 7.96)

Other 5.65 1.17 −5.05 −0.13

(−5.04, 16.33) (−6.82, 9.16) (−15.19, 5.09) (−7.30, 7.04)

South Asian −6.46 −6.70 −12.17 −4.17

(−21.17, 8.26) (−19.29, 5.89) (−24.59, 0.25) (−12.42, 4.08)

Comorbidity Count −1.10 −3.13 −1.79 −2.61

(−2.79, 0.59) (−4.66, -1.60) (−3.15, -0.42) (−3.60, -1.62)

Body Mass Index (ref: Normal) Overweight −5.54 2.79 −6.39 −2.90

(−12.30, 1.22) (−2.78, 8.37) (−12.19, -0.59) (−7.29, 1.49)

Obese −14.31 −5.09 −9.36 −7.24

(−22.18, -6.45) (−11.63, 1.45) (−16.22, -2.50) (−11.92, -2.55)

*all health domain scores were simultaneously assessed as dependent variables, with allowance for correlations between health domain scores;
**bolded estimates represent statistical significance (i.e. p < 0.05).
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lower for neck/back), but this relationship was not seen
in the foot/ankle cohort, in which mean scores were ap-
proximately 5 points higher among women. The nega-
tive effects of low income on physical functioning scores
also varied across groups, with scores on average 10–14
points lower for the foot/ankle and elbow/shoulder
group, compared to 1–5 points lower for the neck/back
and hip/knee groups. Though not statistically significant,
individuals of South Asian ethnicity generally had worse
physical functioning scores compared to Whites. Again,
obesity was associated with worse scores across the
groups. However, these negative effects varied from 5
points lower among the elbow/shoulder group, to more
than 14 points lower among the foot/ankle group, as
compared to normal BMI.
For mental health (Table 5): Increasing age was associ-
ated with better mental health scores across the cohorts,
while low income status was associated with worse
scores. Compared to Whites, Asians trended towards
better mental health scores. Blacks, however, had worse
scores across three of the groups (15 points lower
among the foot/ankle cohort), and better scores, nearly
7 points higher on average, within the hip/knee group.
Significant effects for overweight and obese status were
not found across the groups for mental health scores.
Finally, for general health (Table 6): Low income status

and lower educational attainment were generally associ-
ated with worse scores across the groups. Compared to
Whites, Asians trended towards worse scores within the
hip/knee and neck/back cohorts, and Blacks towards



Table 5 Cohort-stratified path regression results; outcome: mental health score*
Foot/Ankle Elbow/Shoulder Neck/Back Hip/Knee

(n = 349) (n = 378) (n = 454) (n = 767)

Outcome: Mental Health Score

Predictors Beta Coefficients**

(95% Confidence Limits)

Age 0.19 0.20 0.30 0.13

(0.06, 0.31) (0.06, 0.33) (0.17, 0.43) (0.03, 0.23)

Sex (ref: Male) Female 1.03 −3.54 −2.70 −1.00

(−2.83, 4.89) (−7.66, 0.57) (−6.76, 1.35) (−3.97, 1.98)

Income (ref: high) Low −9.37 −8.82 −4.51 −7.40

(−14.96, -3.79) (−14.80, -2.84) (−11.18, 2.16) (−12.00, -2.80)

Missing −2.00 −5.34 0.04 −1.87

(−7.95, 3.95) (−11.88, 1.20) (−4.21, 4.30) (−6.08, 2.34)

Education (ref: >high school) ≤ high school −3.11 −2.74 −4.19 −2.79

(−7.69, 1.47) (−6.96, 1.48) (−8.27, -0.10) (−6.07, 0.49)

Race (ref: White) Asian 4.39 3.61 6.20 0.96

(−4.85, 13.64) (−5.42, 12.63) (−2.60, 15.00) (−5.58, 7.49)

Black −15.41 −2.71 −9.71 6.86

(−27.14, -3.68) (−12.77, 7.36) (−19.89, 0.47) (0.33, 13.38)

Other −1.37 −0.59 −2.04 0.32

(−8.17, 5.44) (−7.07, 5.88) (−9.84, 5.76) (−5.51, 6.15)

South Asian −3.92 −2.22 1.73 0.26

(−13.18, 5.35) (−12.51, 8.06) (−7.82, 11.29) (−6.43, 6.95)

Comorbidity Count −3.55 −3.43 −2.63 −2.32

(−4.63, -2.48) (−4.68, -2.18) (−3.70, -1.55) (−3.12, -1.53)

Body Mass Index (ref: Normal) Overweight 0.27 3.18 −2.89 1.06

(−4.02, 4.55) (−1.38, 7.73) (−7.38, 1.59) (−2.45, 4.56)

Obese −1.71 2.97 −2.82 1.73

(−6.70, 3.28) (−2.40, 8.33) (−8.12, 2.48) (−2.01, 5.48)

*all health domain scores were simultaneously assessed as dependent variables, with allowance for correlations between health domain scores;
**bolded estimates represent statistical significance (i.e. p < 0.05).
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worse scores within the three groups not including hip/
knee, averaging nearly 14 points lower among foot/ankle
compared to 6–8 points lower within elbow/shoulder
and neck/back groups. South Asians scored on average
10–11 points lower within the elbow/shoulder and neck/
back group, while showing no effects within foot/ankle
and hip/knee groups. As was the case for each of the
other health domain outcomes, higher comorbidity
counts were associated with worse scores across all
groups. Finally, obesity was associated with worse scores,
but more so among the foot/ankle group, where scores
were on average 13 points lower, compared to 3–6
points lower among the other cohorts.

Discussion
We identified unique associations between patient char-
acteristics and health status measures among patients
dependent on the anatomical region for which musculo-
skeletal orthopaedic care was sought. Given that previ-
ous research has variably linked pre-surgical patient
health status to patient-reported medical and surgical
outcomes, compliance, willingness to consider surgery,
and patient satisfaction [2-14,21,22], this knowledge can
inform musculoskeletal health professionals’ efforts to
provide patient- and cohort-targeted counsel that is
more likely to have maximal positive effect on a range of
outcomes. It also may contribute to the future develop-
ment of targeted decision-aids.
Across the cohorts, average health domain scores were

significantly lower (i.e. worse) than comparable estimates
for the general Canadian population [23]. While distri-
butional differences in demographic and socioeconomic
characteristics and overweight and obese status were
found across the cohorts, this heterogeneity did not



Table 6 Cohort-stratified path regression results; outcome: general health score*

Foot/Ankle Elbow/Shoulder Neck/Back Hip/Knee

(n = 349) (n = 378) (n = 454) (n = 767)

Outcome: General Health Score

Predictors Beta Coefficients**

(95% Confidence Limits)

Age 0.06 0.02 0.09 0.02

(−0.09, 0.21) (−0.12, 0.15) (−0.04, 0.22) (−0.08, 0.12)

Sex (ref: Male) Female 1.81 −3.47 3.28 −0.81

(−2.65, 6.26) (−7.39, 0.45) (−0.77, 7.34) (−3.76, 2.14)

Income (ref: high) Low −4.97 −4.01 −5.11 −5.18

(−11.42, 1.49) (−9.72, 1.70) (−11.80, 1.57) (−9.72, -0.64)

Missing −9.28 −3.19 −2.72 −0.06

(−16.18, -2.39) (−9.38, 3.00) (−6.98, 1.53) (−4.22, 4.09)

Education (ref: >high school) ≤ high school −4.66 −3.17 −2.51 −2.10

(−9.92, 0.61) (−7.18, 0.85) (−6.59, 1.57) (−5.34, 1.14)

Race (ref: White) Asian −0.07 −0.73 −4.07 −8.45

(−10.79, 10.65) (−9.34, 7.89) (−12.89, 4.76) (−14.93, -1.98)

Black −13.75 −6.64 −8.87 −1.07

(−27.36, -0.14) (−16.26, 2.97) (−18.88, 1.15) (−7.55, 5.40)

Other −3.47 −0.78 −7.33 2.89

(−11.28, 4.34) (−6.95, 5.40) (−15.14, 0.48) (−2.90, 8.67)

South Asian −0.96 −10.35 −11.42 0.21

(−11.71, 9.79) (−20.16, -0.54) (−20.98, -1.85) (−6.37, 6.78)

Comorbidity Count −3.27 −5.28 −4.35 −3.29

(−4.51, -2.04) (−6.47, -4.09) (−5.41, -3.28) (−4.08, -2.51)

Body Mass Index (ref: Normal) Overweight −1.92 −1.30 −0.68 0.62

(−6.86, 3.02) (−5.64, 3.04) (−5.17, 3.80) (−2.85, 4.10)

Obese −12.95 −3.47 −5.82 −2.96

(−18.71, -7.20) (−8.56, 1.61) (−11.12, -0.52) (−6.67, 0.75)

*all health domain scores were simultaneously assessed as dependent variables, with allowance for correlations between health domain scores;
**bolded estimates represent statistical significance (i.e. p < 0.05).
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account for the differences observed in health domain
scores across the cohorts. Comparatively, individuals
within the foot/ankle cohort generally had better scores,
followed by the hip/knee and elbow/shoulder cohorts
with worse, and relatively similar (except for physical
functioning where hip/knees fared worse) scores. The
neck/back cohort generally had worse scores across the
health domains, with the exception of physical function-
ing, where estimates were equivalent to those for the
hip/knee cohort.
Of particular significance in this study was the identifi-

cation of differential ‘effect sizes’ for personal factors on
health domain scores across the cohorts. For example,
while the proportion of obese individuals was lowest
among the foot/ankle cohort, the negative influence of
being obese on health domain scores was generally
greatest within this cohort. For example, for bodily pain
and general health, the negative effect of obesity within
the foot/ankle cohort was on average twice that found
within the group with the next largest effect. This in-
formation should critically inform the clinician-patient
educational interaction with respect to the relative im-
portance attributed to different treatment modalities and
self-management strategies.
Differential influences also were noted for level of in-

come across the domains and cohorts. For example, low
income status was associated with a 10–14 point lower
score for physical functioning among the foot/ankle and
elbow/shoulder cohort, compared to nearly no effect in
neck/back and a 5-point lower score for hip/knee. For
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bodily pain, low income status was associated with an
11-point lower score for foot/ankle, compared to a 4–7
point lower score for the other groups. Such wide differ-
entials across cohorts for the effects of low income on
mental health and general health were not observed,
however. Lower educational attainment was generally
associated with poorer health domain scores, with rela-
tively similar effects across the cohorts. Lower socioeco-
nomic status and poorer health have been associated with
greater unmet need for or decreased willingness to
undergo elective orthopaedic surgery [24-27]. Additionally,
low socioeconomic status can have potentially significant
implications for access to services (e.g. physiotherapy) or
supports or devices (e.g. orthotics), which the patient may
have to pay for out-of-pocket [28,29]. Thus, these findings
should inform the tailoring of the educational approach,
recognizing that low SES differentially influences health
status depending on the cohort.
Some important differences were observed in the in-

fluence of racial background on health domain scores
across the cohorts. Asians trended towards better or
similar health domain scores compared to Whites, ex-
cept for worse scores for general health among the
neck/back and hip/knee cohorts. While Blacks generally
trended towards worse scores, notable differences were
observed for mental health, where points were on aver-
age 15 points lower among foot/ankle, compared to 7
points better among hip/knee. For general health, points
were on average 14 points lower for Blacks within foot/
ankle, compared to 6–9 points lower for elbow/shoulder
and neck/back, and nearly no effect within hip/knee.
South Asian ethnicity, as compared to White, showed
more difference across health domains than across co-
horts. For instance, little effect was observed for bodily
pain, whereas generally negative effects were observed
for physical functioning scores. On the other hand,
strong negative effects were found for general health in
the elbow/shoulder and neck/back cohorts (average of
10.5 points lower), compared to no effect within foot/
ankle and hip/knee. These differential findings, particu-
larly with respect to mental and general health, across ra-
cial groups can have significant implications for the patient
educational process and counsel. Generally, mental well-
being, overall health status, and cultural perceptions have
been shown to be associated with expectations of and deci-
sions to undergo surgery, post-surgical patient-reported
outcomes, compliance, and uptake or maintenance of
self-management/self-care activities [7,12,24,26,30-40].
This study was undertaken to better characterize the pa-

tient seeking elective musculoskeletal orthopaedic care.
The study sample was recruited and assessed prior to con-
sultation, and consequently the specific degenerative diag-
nosis and disease stage was not considered. The advantage
of this is that the results are broadly generalizable to the
population seeking care. However, a limitation of not con-
sidering this is that differential distributions between co-
horts may explain overall differences in health statuses
between cohorts. The likely influences within the specific
cohorts are unknown, however. Assuming greater homo-
geneity within specific cohorts than across cohorts would
lead us to speculate that diagnostic consideration would
not substantively alter our conclusions, particularly as the
health outcome measures were purposively selected to be
generic and non-disease specific. Finally, this study was lim-
ited to orthopaedic patients recruited from an academic,
tertiary care centre, which may limit generalizability. How-
ever, the included degenerative diagnostic categories and
patient mix included are typical of community practice
and not specific to tertiary care.
Conclusion
We report that there is substantial heterogeneity across
musculoskeletal cohorts both in health status and in the
association between personal characteristics and various
health domains. Given known associations between patient
health status and medical and surgical outcomes, this sug-
gests that patient- and cohort-specific education is likely to
achieve superior results on a range of patient outcomes.
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