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Abstract

Objective—To determine the association between generalized evoked pressure pain sensitivity

with distal pressure-pain threshold (PPT) and the presence, severity, or number of involved

knee/hip joints with radiographic osteoarthritis (rOA) or related symptoms.

Methods—Data for these cross-sectional analyses come from the second follow-up (2008–11) of

the Johnston County Osteoarthritis Project (n=1,602). Pressure-pain threshold measurements were

averaged over two trials from both the left and right trapezius. Outcomes of radiographic knee and

hip OA were both defined by a Kellgren-Lawrence score of 2–4 and site-specific symptoms were

ascertained at clinical interview. Associations were determine with multiple logistic regression

models, and two-way interactions were tested at p<0.05.

Results—The sample was 67.2% female and 31.0% African American. Participants’ mean age

was 67.9 (SD 9.0); mean body mass index was 31.5 (SD 7.1); mean Center for Epidemiologic

Studies Depression Scale score was 6.5 (SD 7.4); and mean total PPT was 3.6kg (SD 0.7).

Significant associations were found between PPT and self-reported knee/hip symptoms. No

significant associations were found between PPT and presence, severity, or number of joints with
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knee and hip rOA without accompanying symptoms. No significant interactions were found with

demographic or clinical characteristics.

Conclusion—Pressure-pain threshold was significantly associated with self-reported single and

multi-joint symptoms. In contrast, after adjustment, PPT measured at the trapezius was not

associated with asymptomatic knee or hip rOA. As such, PPT may prove to be a useful indicator

of rOA pain processing and of why individuals respond favorably and others do not to treatments

targeting rOA.

Introduction

Osteoarthritis (OA) is the most common form of arthritis, affecting an estimated 27 million

adults in the United States.1 Osteoarthritis is also one of the leading causes of disability and

a significant cause of decreased quality of life.2,3 There are several structural sources of

knee or hip pain including, but not limited to, synovium5, bone marrow lesions, and soft

tissues6. Conservative treatments for OA typically consist of symptom management as well

as preservation of, or increase in, physical function.4 Plain film radiographs are commonly

used in clinical practice to evaluate OA. However, the relationship between the presence of

radiographic OA (rOA) and self-reported symptoms is variable, with only modest

associations found between radiologic structural findings and pain.7 This mismatch between

radiographic structural findings and symptoms has led to the study of other factors, such as

pain processes that can be evaluated by pressure-pain threshold (PPT) measurement. This

measurement may improve the understanding of an individual’s pain perception by

identifying augmented pain processing.8 An improved understanding of the association

between pain perception and knee or hip symptoms and rOA could be useful towards

understanding why some patients require increased pain control for similar rOA and why

some patients experience an ongoing refractory pain process following interventions, such

as total joint arthroplasty, and others do not.13

An individual’s perception of pain is modulated by peripheral, spinal and supraspinal

processes, which includes increased excitability of dorsal horn neurons, producing

hypersensitivity in a segmental distribution.9 The study of altered pain processing is not new

in the area of musculoskeletal pain disorders10 such as low back pain8, fibromyalgia11, and

atypical facial pain12. Findings from these studies suggest augmented pain processing

mechanisms in which pain results from altered pain processing rather than damaged or

inflamed peripheral structures.8

The influence of altered pain processing in OA has been shown by studies of hand rOA14

and, more recently, with knee rOA15–17. A recent systematic review and meta-analysis

found a significant relationship between PPT and symptomatic radiographic knee OA13,

indicating that patients with symptomatic radiographic knee OA have a lower threshold for

pain. Studies included in this review, however, were primarily clinic-based case-control

studies with a limited and select sample from which to compare different subgroups of

symptomatic and asymptomatic rOA. The lack of asymptomatic rOA participants among

these studies limits the evidence that can be gained for the link between pain processing and

rOA. In addition, this review did not address hip rOA. Morphometric differences between

Goode et al. Page 2

Arthritis Care Res (Hoboken). Author manuscript; available in PMC 2015 October 01.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



rOA in the knee versus hip suggests different pathophysiological processes.18,19 Similarities

in vibratory perception threshold have been found to exist between knee and hip OA.20

However, there is limited evidence that abnormal pain processing measured with PPT is

present with hip rOA and is similar to knee rOA. The purpose of the present analyses is to

determine the association between PPT, knee/hip rOA, and self-reported knee/hip

symptoms, as well as whether knee and hip rOA share similar pain processing or differ by

joint site. We hypothesized that a significant association would be observed between PPT

measures and self-reported symptoms, but no significant association would be found with

rOA measures of disease without knowledge of symptoms regardless of joint site examined

(i.e., knee and/or hip joint).

Methods

Study Participants

Data for these cross-sectional analyses were from the Johnston County (JoCo) OA Project,

an ongoing, population-based study in six rural townships of JoCo, North Carolina. The

purpose of the JoCo OA Project is to determine the incidence, prevalence and progression of

knee, hip, hand, and spine rOA among African Americans (AAs) and Caucasians. Details of

the sampling strategy and recruitment methods have been described in detail elsewhere.18

Briefly, baseline (T0) enrollment (1991–98) included civilian, noninstitutionalized adults

aged 45 years and older recruited by probability sampling, with over-sampling of African

Americans. Follow-up for each enrollment occurs approximately every 5 years where the

majority of participants complete clinical interview and examination including radiographic

assessment on the same day. The current analyses used data from the 1,707 participants who

completed second follow-up (T2) from 2008–11. Of these participants, there were 57 with

missing PPT measures, 13 with missing or implausible BMI measurements, and another 35

subjects missing Centers for Epidemiologic Studies-Depression Scale (CES-D) scores.

Some participants were missing knee radiographs (n=52) and some hip radiographs (n=44),

resulting in n= 1,558 for knee rOA analyses and n = 1,550 for hip rOA analyses (Figure 1).

Pressure-pain threshold measurements

Pain-pressure thresholds are inversely related to pressure pain sensitivity, i.e., a decreased

PPT indicates increased pain sensitivity. PPT measurements, using a standard mechanical

pressure-based dolorimeter, were used to assess each participant’s threshold (measured in

kilograms of pressure) for distal pressure-pain. A single trained research assistant conducted

all PPT clinical measurement following an a-priori measurement protocol. This type of

training method has been shown to have good reliability.21 The measurement begins with a

“practice trial” where a demonstration of the device is conducted with the participant.

Measurements were then collected from both the left and right upper trapezius muscle in a

systematic fashion consisting of two total measurements. Beginning with the left side,

pressure was applied to the trapezius at a rate of 1 kg per second until selfreported pain. If a

participant did not report pain at 4 kg of pressure, the value of pressure pain was recorded as

“>4.0 kg”. Trials were continued until two consecutive readings were within +/−0.4 kg for a

maximum of four trials. The same procedure was repeated for the right side. Values from the

left and right trapezius were averaged to provide a single PPT score.
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Knee and Hip Symptoms

Participants were asked at clinical interview about symptoms in left and right knees and left

and right hips, both separately: “On most days do you have symptoms of pain, aching or

stiffness in your [left/right] [knee/hip]?” Participants were considered to have chronic knee

symptoms if they answered affirmatively to the knee symptoms question and to have chronic

hip symptoms if they answered affirmatively to the hip symptoms question.

Radiographic Assessment

Bilateral posterior-anterior knee radiography was obtained for both knees with a Synaflexer

(CCBR Synarc, San Francisco, CA) positioning device, and bilateral hip radiography with

supine anterior-posterior pelvis radiographs. The presence of knee or hip prosthesis due to

arthroplasty was the primary reason for missing radiographic data. All hip and knee

radiographs were read for Kellgren- Lawrence (K-L) score by a single bone and joint

radiologist (JBR). Presence of hip and knee rOA was defined as a K-L score of 2–4.

Severity of hip and knee rOA was quantified as none with a K-L score=0 or 1, mild with a

KL score=2 and moderate/severe with a K-L score=3 or 4. Inter-rater reliability (comparison

of radiograph readings between JBR and another radiologist) and intra-rater reliability

(comparison of radiograph readings completed by JBR at two separate times) have been

reported previously with a weighted kappa for inter-rater reliability of 0.9 and kappa for

intra-rater reliability of 0.9.22

Demographic and Clinical Characteristics

At the time of clinical interview, the following participant characteristics were collected:

self-reported race (African American or Caucasian), age (in years), body mass index (BMI)

at baseline (calculated as weight measured with a balance beam scale in kilograms/height

measured without shoes in meters squared), and depressive symptoms (using the CESD23).

Statistical Analysis

Descriptive statistics were calculated for the entire sample and for subgroups of interest.

Cochran–Mantel–Haenszel statistics for categorical variables and one-way ANOVA testing

of linear trend for continuous variables compared all demographic and clinical

characteristics (gender, race, age, BMI, knee rOA, hip rOA, knee symptoms, and hip

symptoms, and CES-D Scale) across the combined (right and left) average distal PPT.

Multiple logistic regression models, with common referent coding, were used to examine the

associations between PPT and both self-reported knee/hip symptoms (both presence (“yes”

or “no”) and severity (none, mild, moderate or severe) and knee and/or hip rOA. All models

were adjusted for age, race, sex, BMI, and CES-D Scale scores while models with the

outcome of symptoms were also adjusted for the presence of rOA (to check for

independence of associations). Because of the small number of both “severe” rOA and

symptom responses, these values were collapsed with their respective “moderate” category.

Two-way interactions were tested between demographic and clinical characteristics with

each outcome at a significance of p<0.05. Odds ratios (ORs) and their 95% confidence

intervals were the measure of association for all analyses. In multi-joint and multisite

models, linear tests for trend were conducted with the natural log of the odds ratio. All
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statistical computations were performed using SAS Version 9.2 software (SAS Institute,

Cary, NC).

Results

Table 1 provides descriptive statistics for the demographic and clinical characteristics of the

entire study sample. The overall average of the summed left and right dolorimeter

measurements was 3.6 kg of pressure (SD 0.7) with a median of 4.0 kg and range of 0–8 kg.

Mean total PPT did not differ significantly by right or left measurements (mean difference −

0.02, p=0.28). Mean age was 67.9 years (SD 9.0) and mean BMI was 31.5 kg/m2 (SD 7.1).

The majority were women (67.2%), and 31.0% of the sample consisted of AAs.

Radiographic knee OA was present in nearly half the sample (45.7%) while hip OA was

slightly less prevalent (40.3%). The presence of knee and hip symptoms was also common,

with 38.4% reporting knee symptoms and 29.3% reporting hip symptoms.

Several significant differences in PPT averages were found across subgroups. Women had a

significantly lower average PPT (3.52 kg [SD=0.80] vs. 3.89 kg [SD=0.41], p<0.001) than

men, indicating elevated pain sensitivity among this subgroup. Participants with hip rOA

had significantly lower PPTs than those without hip rOA (3.69 kg [SD=0.67] vs. 3.58 kg

[SD=0.77], p=0.002); no significant difference was found between those with and without

knee rOA. A lower average PPT was found among participants with knee symptoms

compared to participants without knee symptoms (3.47 kg [SD=0.84] vs, 3.74 kg [SD=0.61],

p=0.001) as well as with hip symptoms when compared to participants without hip

symptoms (3.43 kg [SD=0.86] vs, 3.73 kg [SD=0.63], p<0.0001).

Table 2 presents the adjusted odds ratios (aOR) and 95% confidence intervals (95% CI) for

associations between a one-unit increase in pressure-pain measurements and the presence

and severity of knee/hip rOA or symptoms. As a participant’s threshold for pain increased,

indicating decreased pain sensitivity, there was a 39% (aOR=0.61 ((95% CI 0.50, 0.74))

decreased odds of having moderate/severe self-reported hip symptoms. A similar association

(aOR=0.59 ((95% CI 0.50, 0.70)) was found between PPT and self-reported moderate/severe

knee symptoms. Radiographic OA status did not modify the relationship between PPT and

self-reported symptoms for either the knee (interaction p-value=0.96) or hip (p=0.80). No

significant associations were found between PPT and the presence of either knee or hip rOA.

Table 3 presents the adjusted associations between a one-unit increase in PPT among

symptomatic and asymptomatic knee or hip rOA. A one-unit increase in PPT was

significantly associated with the presence of knee symptoms with (aOR=0.77 ((95% CI

0.63–0.95)) and without (aOR=0.61 ((95% CI 0.49–0.77)) the presence of rOA in the knee.

A similar association was found between the presence of hip symptoms with (aOR=0.63

((95% CI 0.50–0.78)) and without (aOR=0.69 ((95% CI 0.56–0.86)) the presence of hip

rOA. No significant associations were observed between PPT and knee or hip rOA without

knowledge of symptoms.

Table 4 presents the adjusted associations between a one-unit increase in PPT and the single

and combined presence of knee and/or hip rOA or the presence of knee and/or hip
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symptoms. Significant associations were found among participants with hip symptoms

(aOR=0.68 ((95% CI 0.53–0.88)) and a similar association among participants with knee

symptoms (aOR=0.64 ((95% CI 0.51–0.80)). A stronger association was found among

participants with both knee and hip symptoms. Increased threshold for pain (decreased pain

sensitivity) was associated with a 50% decreased odds of self-reported knee and hip

symptoms (aOR=0.50 ((95% CI 0.40–0.62)). No significant associations were found

between PPT and either knee and/or hip rOA.

A significant trend (p-value for trend=0.001) was found between PPT-derived pain

sensitivity and number of symptomatic knee or hip joints. Participants with lower pain

sensitivity (i.e., greater PPT thresholds) were significantly less likely to have a greater total

number of symptomatic knee and/or hip joints (1 joint=aOR 0.78 ((95% CI 0.61–1.01)), 2

joints=aOR 0.56 ((95% CI 0.45–0.67)), 3 joints=aOR 0.54 ((95% CI 0.39–0.76)), and 4

joints=aOR 0.48 ((95% CI 0.37–0.62)). In contrast, this relationship was not observed with

knee and hip rOA involved joints (p-value for trend=0.78). (Figure 2) No significant two-

way interaction effects were found with demographic or clinical characteristics in any of the

models.

Discussion

Our study sought to determine the association between distal PPT, as a measure of

augmented pain processing, and rOA and/or self-reported knee/hip symptoms. We

hypothesized that PPT would be associated with self-reported symptoms but not with rOA.

Indeed, as a participant’s sensitivity for pressure-pain decreased, there were several

significant associations with presence, severity and number of joints with symptoms,

regardless of the knee or hip joint. In contrast, across all rOA outcomes modeled, no

significant associations were found between PPT and presence, severity or number of joints

with knee or hip rOA. When comparing associations between PPT and self-reported

symptoms, both the knee and hip joints had a similar strength and direction of association

estimates. We also found that the relationship between a participant’s threshold for pain and

self-reported symptoms was not influenced by the presence of either knee or hip rOA alone.

These findings are similar to the weak and inconsistent relationships reported between

structural changes in rOA and self-reported symptoms.7

Our results are consistent with previous case-control studies evaluating remote or distal PPT,

finding modest correlations with patients who have symptomatic knee rOA awaiting knee

replacement surgery15,24 or among clinic based participants25,26. PPT from a distal

measurement such as the upper trapezius muscle evaluated in our study was not routinely

evaluated in these studies. However, Immura and colleagues15 demonstrated consistent

significant correlations between several different dermatomal, myotomal and sclerotomal

sites and knee OA, thus indicating a constant differential PPT measurement across these

structures. A significantly lower threshold for pain among distal and remote PPT

measurements in symptomatic OA when compared to healthy controls has been reported in a

recent meta-analysis.13 Many of these studies used for this meta-analysis did not examine

the relationship between PPT and non-symptomatic knee rOA, limiting inferences about the

role of localized symptoms. Our analyses included participants recruited independently of
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rOA and knee symptom status, which allowed several comparisons including presence of

rOA with and without knee symptoms. Thus, we found that the presence of knee symptoms,

and not the presence of knee rOA, was the important factor in understanding an individual’s

pain sensitivity as measured by the threshold for pressure pain.

To our knowledge, ours is the first community-based cohort study to determine the

association between distal pressure-pain and symptom status with hip rOA. Similar to one

previous study of vibratory perception threshold, we determined if differences in PPT

measurements would be present among those with hip rOA when compared to knee OA. We

found a significant difference in distal PPT mean values across presence of hip rOA but not

knee rOA. However, this difference may reflect known gender differences in presence and

severity of hip rOA27,28 as this association was not found after adjustment in multivariable

models. Our findings are consistent with two previous case-control studies finding that

patients with symptomatic hip rOA have lower PPTs using remote pressurepain

measurements when compared to those without hip rOA.29,30 However, as identical to knee

rOA, our findings indicate that self-reported symptoms rather than the combination of rOA

and symptoms are the major influence on the association with pressure-pain sensitivity.

The majority of previous studies using pain perception thresholds have focused on knee OA

alone. This study compared PPT measurements for combinations of knee or hip rOA and

knee or hip symptoms. Our findings indicate that the associations were similar in strength

and followed the same directional trend. When both knee and hip symptoms were combined,

the number of symptomatic joints had a significant increasing trend that was not observed

with both knee and hip joint with rOA. These findings suggest that the presence of

augmented pain processing in the knee and hip are similar and additive, regardless of the

morphometric abnormalities cited as common etiologies for hip OA that may differ from

knee OA.18,19, 31–33

A deeper understanding of the basic science of pain pathways mediating symptoms may lead

to improved clinical management of pain in OA.6 Our results improve the understanding of

the role of pain processing on the magnitude of OA symptoms, which, with future research,

may have a large impact on clinical care and decision-making. For example, PPT

measurement may be a useful predictor of refractory symptoms following joint replacement,

as patients with lower thresholds for pain may be more susceptible to ongoing symptoms.13

These patients with lower thresholds for pain or refractory pain symptoms may benefit from

pharmaceutical therapies that target pain-processing pathways.6 Another potential use of

PPT measurement may be to identify patients who might respond differently for clinical

trials of pain processing agents, or to identify patients that transition from acute to chronic

pain13 or facilitate early identification of multiple joint OA or generalized symptoms. Early

identification may in turn lead to early management and treatment tools that may be more

effective than those in current practice.34 Our study also suggests that those with more

severe knee or hip symptoms, those with combined knee and hip symptoms, or those with

more numbers of knees and hips with symptoms might be more likely to be candidates for

pharmaceutical or other interventions that address pain processing. Such concepts would

require clinical trials to test if this supposition could be used clinically to select patients for

specific pain-processing interventions.
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Our cross-sectional analyses were derived from the largest and only community-based

cohort study examining both knee/hip symptoms and knee/hip rOA with PPT. Additionally,

our sample included African Americans and Caucasians of both genders, with similar

findings across these demographic groups. Our large sample size, therefore, allowed for

several comparison groups and assessment of trends to support our findings of association

between symptoms and PPT. Our study, however, is not without limitations as we were not

able to examine a regional pain process as all of our PPT measurements were conducted at

sites distal (i.e., trapezius) from the areas of symptoms and rOA. Our results therefore may

be more representative of a central pain process. Measurement bias is certainly possible with

the PPT scores. However, we would assume that this bias is nondifferential and our

estimates would underestimate the true effect. Furthermore, we utilized one individual to

conduct PPT measurements following an a-priori protocol and the test-retest reliability of

PPT in this fashion has been found to be reliable.21 Since our results come from a cross-

sectional design, we could not infer a temporal relationship between pressure pain and rOA

or symptoms. Furthermore, our questions related to knee/hip symptoms (i.e., on most days)

may not provide a complete understanding of the chronicity of symptoms experienced by

participants as it lacks a well-defined duration. Lastly, we adjusted for factors that may

influence the relationship between PPT and rOA; however, we did not adjust for every

known factor that may influence PPT measures such as fibromyalgia, low back pain or other

musculoskeletal disorders.

Despite these limitations, our study provides a new understanding of an augmented pain

processing in both the knee and hip joints as they relate to both symptoms and rOA. Based

upon these results, self-reported symptoms are driven primarily by mechanisms of pain

perception versus radiographic structural changes. This suggests, that at least in some

individual’s, PPT evaluates an altered pain perception which may be a systemic state

independent of structure. Continued work in the area of pain processing and response to

interventions for OA-related pain is needed.
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Significance and Innovations

• Sensitivity to painful pressure evaluated by the pressure-pain threshold (PPT) is

significantly associated with both the presence and number of self-reported

symptoms in the knee and/or hip joints.

• No significant associations were found with PPT and radiographic measures of

osteoarthritis (rOA) in knee and/or hip joints.

• These findings improve our understanding of augmented pain processing in both

the knee and hip joints as they relate to both symptoms and rOA
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Figure 1.
Description of Participants included in the Analyses.
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Figure 2. Adjusted associations between increased pressure-pain threshold and number of knee
and hip joints with symptoms or radiographic osteoarthritis*
*referent = those with no knees or hips with symptoms or rOA. Triangles = knee and hip

rOA. Squares= knee and hip symptoms.

Goode et al. Page 13

Arthritis Care Res (Hoboken). Author manuscript; available in PMC 2015 October 01.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript

Goode et al. Page 14

T
ab

le
 1

C
ha

ra
ct

er
is

tic
s 

of
 th

e 
1,

60
2 

pa
rt

ic
ip

an
ts

 w
ith

 p
ai

n-
pr

es
su

re
 th

re
sh

ol
d 

m
ea

su
re

m
en

ts

C
ha

ra
ct

er
is

ti
c

M
ea

n 
(S

D
) 

or
 N

 (
%

)

D
ol

or
im

et
er

 A
ve

ra
ge

 (
kg

)*
3.

6 
(0

.7
)

A
ge

 (
ye

ar
s)

67
.9

 (
9.

0)

B
M

I 
(k

g/
m

2 )
31

.5
 (

7.
1)

C
E

S-
D

6.
5 

(7
.4

)

A
fr

ic
an

 A
m

er
ic

an
49

7 
(3

1.
0)

W
om

en
1,

07
7 

(6
7.

2)

K
ne

e 
rO

A

 
Pr

es
en

t
73

2 
(4

5.
7)

 
M

ild
24

5 
(1

5.
3)

 
M

od
er

at
e/

se
ve

re
48

7 
(3

0.
4)

K
ne

e 
sy

m
pt

om
s

 
Pr

es
en

t
61

5 
(3

8.
4)

 
M

ild
20

2 
(1

2.
6)

 
M

od
er

at
e/

se
ve

re
27

6 
(1

7.
2)

H
ip

 r
O

A

 
Pr

es
en

t
64

6 
(4

0.
3)

 
M

ild
58

0 
(3

6.
2)

 
M

od
er

at
e/

se
ve

re
66

 (
4.

1)

H
ip

 s
ym

pt
om

s

 
Pr

es
en

t
46

9 
(2

9.
3)

 
M

ild
15

5 
(9

.7
)

 
M

od
er

at
e/

se
ve

re
29

8 
(1

8.
6)

* m
ed

ia
n 

4.
0k

g 
ra

ng
e 

(0
–4

kg
)

Arthritis Care Res (Hoboken). Author manuscript; available in PMC 2015 October 01.



N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript

Goode et al. Page 15

T
ab

le
 2

A
dj

us
te

d 
od

ds
 r

at
io

s 
(a

O
R

) 
an

d 
95

%
 c

on
fi

de
nc

e 
in

te
rv

al
s 

(9
5%

 C
I)

 f
or

 a
ss

oc
ia

tio
ns

 b
et

w
ee

n 
a 

1-
un

it 
in

cr
ea

se
 in

 p
re

ss
ur

e-
pa

in
 th

re
sh

ol
d 

m
ea

su
re

m
en

ts

an
d 

pr
es

en
ce

 a
nd

 s
ev

er
ity

 o
f 

kn
ee

/h
ip

 r
O

A
 o

r 
sy

m
pt

om
s.

O
ut

co
m

es
*

rO
A

Sy
m

pt
om

s

aO
R

**
95

%
 C

I
aO

R
**

*
95

%
 C

I

K
ne

e

P
re

se
nc

e
Y

es
 v

s 
no

1.
05

0.
89

–1
.2

3
0.

64
0.

54
–0

.7
6

Se
ve

ri
ty

M
il

d 
vs

 n
o

1.
09

0.
86

–1
.3

6
0.

84
0.

66
–1

.0
6

M
od

er
at

e/
se

ve
re

 v
s 

no
1.

03
0.

86
–1

.2
4

0.
61

0.
50

–0
.7

4

H
ip

P
re

se
nc

e
Y

es
 v

s 
no

0.
91

0.
78

–1
.0

6
0.

67
0.

57
–0

.7
9

Se
ve

ri
ty

M
il

d 
vs

 n
o

0.
90

0.
77

–1
.0

5
0.

82
0.

64
–1

.0
6

M
od

er
at

e/
se

ve
re

 v
s 

no
1.

01
0.

70
–1

.4
5

0.
59

0.
50

–0
.7

0

* R
ef

er
en

t f
or

 a
ll 

ou
tc

om
es

 is
 n

on
e 

(n
o 

rO
A

 f
or

 r
O

A
 o

ut
co

m
es

, n
o 

sy
m

pt
om

s 
fo

r 
sy

m
pt

om
s 

ou
tc

om
es

)

**
A

dj
us

te
d 

fo
r 

ag
e,

 s
ex

, r
ac

e/
et

hn
ic

ity
, B

M
I,

 a
nd

 C
E

S-
D

.

**
* A

dj
us

te
d 

fo
r 

ag
e,

 s
ex

, r
ac

e/
et

hn
ic

ity
, B

M
I,

 C
E

S-
D

, a
nd

 r
O

A
.

Arthritis Care Res (Hoboken). Author manuscript; available in PMC 2015 October 01.



N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript

Goode et al. Page 16

T
ab

le
 3

A
dj

us
te

d 
od

ds
 r

at
io

s 
(a

O
R

) 
an

d 
95

%
 c

on
fi

de
nc

e 
in

te
rv

al
s 

(9
5%

 C
I)

 f
or

 a
ss

oc
ia

tio
ns

 b
et

w
ee

n 
a 

1-
un

it 
in

cr
ea

se
 in

 p
re

ss
ur

e-
pa

in
 th

re
sh

ol
d 

an
d 

kn
ee

 o
r 

hi
p

ra
di

og
ra

ph
ic

 o
st

eo
ar

th
ri

tis
 (

rO
A

) 
w

ith
 a

nd
 w

ith
ou

t s
ym

pt
om

s.

O
ut

co
m

es
C

at
eg

or
ie

s
aO

R
*

95
%

 C
I

K
ne

e

rO
A

 a
nd

 S
ym

pt
om

s
w

it
ho

ut
 r

O
A

 a
nd

 s
ym

pt
om

s
re

fe
re

nt

w
it

ho
ut

 r
O

A
, w

it
h 

sy
m

pt
om

s
0.

61
0.

49
–0

.7
7

w
it

h 
rO

A
, w

it
ho

ut
 s

ym
pt

om
s

1.
14

0.
89

–1
.4

7

w
it

h 
rO

A
 a

nd
 s

ym
pt

om
s

0.
77

0.
63

–0
.9

5

H
ip

rO
A

 a
nd

 S
ym

pt
om

s
w

it
ho

ut
 r

O
A

 a
nd

 s
ym

pt
om

s
re

fe
re

nt

w
it

ho
ut

 r
O

A
, w

it
h 

sy
m

pt
om

s
0.

69
0.

56
–0

.8
6

w
it

h 
rO

A
, w

it
ho

ut
 s

ym
pt

om
s

0.
97

0.
78

–1
.1

9

w
it

h 
rO

A
 a

nd
 s

ym
pt

om
s

0.
63

0.
50

–0
.7

8

* A
dj

us
te

d 
fo

r 
ag

e,
 s

ex
, r

ac
e/

et
hn

ic
ity

, B
M

I,
 a

nd
 C

E
S-

D
.

Arthritis Care Res (Hoboken). Author manuscript; available in PMC 2015 October 01.



N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript

Goode et al. Page 17

T
ab

le
 4

A
dj

us
te

d 
od

ds
 r

at
io

s 
(a

O
R

) 
an

d 
95

%
 c

on
fi

de
nc

e 
in

te
rv

al
s 

(9
5%

 C
I)

 f
or

 a
ss

oc
ia

tio
ns

 b
et

w
ee

n 
a 

1-
un

it 
in

cr
ea

se
 in

 p
re

ss
ur

e-
pa

in
 th

re
sh

ol
d 

an
d 

kn
ee

 o
r 

hi
p

ra
di

og
ra

ph
ic

 o
st

eo
ar

th
ri

tis
 (

rO
A

).

O
ut

co
m

es
C

at
eg

or
ie

s
aO

R
95

%
 C

I

rO
A

*

K
ne

e 
an

d 
H

ip
w

it
ho

ut
 k

ne
e 

or
 h

ip
 O

A
re

fe
re

nt

w
it

ho
ut

 k
ne

e 
O

A
, w

it
h 

hi
p 

O
A

0.
82

0.
66

–1
.0

1

w
it

h 
kn

ee
 O

A
, w

it
ho

ut
 h

ip
 O

A
0.

98
0.

79
–1

.2
1

bo
th

 k
ne

e 
an

d 
hi

p 
O

A
0.

96
0.

76
–1

.2
0

Sy
m

pt
om

s 
(S

x)
**

K
ne

e 
an

d 
H

ip
w

it
ho

ut
 k

ne
e 

or
 h

ip
 S

x
re

fe
re

nt

w
it

ho
ut

 k
ne

e 
Sx

, w
it

h 
hi

p 
Sx

0.
68

0.
53

–0
.8

8

w
it

h 
kn

ee
 S

x,
 w

it
ho

ut
 h

ip
 S

x
0.

64
0.

51
–0

.8
0

bo
th

 k
ne

e 
an

d 
hi

p 
Sx

0.
50

0.
40

–0
.6

2

* A
dj

us
te

d 
fo

r 
ag

e,
 s

ex
, r

ac
e/

et
hn

ic
ity

, B
M

I,
 a

nd
 C

E
S-

D
.

**
A

dj
us

te
d 

fo
r 

ag
e,

 s
ex

, r
ac

e/
et

hn
ic

ity
, B

M
I,

 C
E

S-
D

 a
nd

 r
O

A
.

Arthritis Care Res (Hoboken). Author manuscript; available in PMC 2015 October 01.


