Rheumatology International (2018) 38:403-413
https://doi.org/10.1007/500296-017-3913-0

Rheumatology

INTERNATIONAL

@ CrossMark

The associations between radiographic hand osteoarthritis definitions
and hand pain: data from the osteoarthritis initiative

IMAGING

Lena F. Schaefer' - Timothy E. McAlindon? - Charles B. Eaton® - Mary B. Roberts? - Ida K. Haugen* - Stacy E. Smith’ -
Jeffrey Duryea' - Jeffrey B. Driban?

Received: 19 October 2017 / Accepted: 12 December 2017 / Published online: 22 December 2017
© Springer-Verlag GmbH Germany, part of Springer Nature 2017

Abstract

The goal of our study was to evaluate the associations between various definitions of radiographic hand osteoarthritis (OA)
and self-reported hand pain. We conducted a cross-sectional study with 3604 participants from the Osteoarthritis Initiative
(OAI). Posteroanterior radiographs of the dominant hand were read using a modified Kellgren-Lawrence (KL) scale. For
our primary analysis, hand OA at person level was defined as two or more finger joints with KL grade 2 or higher. In addi-
tion, for the purpose of exploratory analyses, we explored more conservative definitions of hand OA as well as different sum
scores and digit- and row-based scores. The majority of definitions of radiographic hand OA were statistically significantly
associated with self-reported hand pain. In our main analysis, persons with two or more finger joints with KL grade >2 were
approximately two times more likely to self-report hand pain than persons without radiographic hand OA. Increasing KL
grades and increasing number of joints affected lead to stronger associations. Almost all definitions of hand OA were related
to pain. Individuals with more severely affected joints or with higher number of affected joints are more likely to report hand
pain than their peers. Specifically, individuals with hand joints with KL 3 or 4 have the greatest likelihood of hand pain.

Keywords Hand osteoarthritis - Radiograph - Pain

Introduction

Hand osteoarthritis (OA) is a disabling disease that fre-
quently occurs in the general population [1]. The diagno-
sis of hand OA is based on clinical examination and while
the ACR endorsed criteria for hand OA omit radiographic
assessments, they are often used to assess disease burden
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and progression [2]. Hand radiographs are widely available
and cheap to obtain [3]. To assess the radiographic features
of hand OA several different scoring methods exist [4]. The
Kellgren and Lawrence (KL) scoring system is the most
widely used one among them [4]. The KL system is based
on the main features of radiographic hand OA: joint space
narrowing (JSN), osteophytes, subchondral sclerosis and
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pseudocystic areas [5]. Generally, investigators define radi-
ographic OA at a joint as a KL grade of 2 or higher [1, 6].
However, there are substantial variations in the definitions of
overall radiographic hand OA in epidemiological studies [7].

At a person level, most studies have defined radiographic
hand OA as having either 1 or more or 2 or more joints
with KL grade > 2 [8]. Radiographic hand OA has also been
defined with sum scores of KL grades of the whole hand or
of individual digits or joint rows [8]. Unfortunately, the sum
scores consider all joints equal and might ignore important
concepts, such as which joints are affected and the severity
of each affected joint.

These various strategies to defining radiographic hand
OA contribute to the inconsistent evidence of an association
between radiographic hand OA and measures of pain [9—-11].
A review of 16 articles showed evidence for a positive asso-
ciation between radiographic hand OA and hand pain, but
the strength of the association varied between studies [8]. To
improve comparability among hand OA studies, it is impor-
tant to standardize the definitions of radiographic hand OA.

A comprehensive evaluation of the association between
hand pain and radiographic hand OA may help researchers
and clinicians conceptualize hand OA. Hence, the goal of
our study was to evaluate the association of various defini-
tions of radiographic hand OA and hand pain. We used a
broad approach and evaluated multiple definitions of hand
OA including individual KL grades, sum scores, as well as
scores based on digits and rows to determine which defini-
tions may offer stronger associations with hand pain. Our
systematic approach will provide valuable information to
inform a consensus on a standardized definition of radio-
graphic hand OA, which would reduce variation between
studies and enhance the comparability of studies on hand
OA [12]. We defined hand pain based on self-reported hand
pain as well as self-reported physician-diagnosed hand OA,
which reflects hand pain sufficient to warrant medical atten-
tion. We hypothesize that individuals with more severely
affected joints (higher KL grades) or with more affected
joints are more likely to report hand pain or diagnosis than
their peers.

Materials and methods
Study design and cohort

To study the association between radiographic hand OA
and hand pain, we conducted a cross-sectional study of
participants from the Osteoarthritis Initiative (OAI) who
had radiographs of the dominant hand and assessment of
hand symptoms. The OAI is a longitudinal cohort study
of 4796 men and women aged 45-79 years with, or at risk
for, knee OA at the beginning of the study (February 2004
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and May 2006). The eligibility criteria for the OAI and the
OALI protocol are publicly available on the OAI website
[13]. For example, a potential participant with rheumatoid
arthritis or inflammatory arthritis (defined by self-reported
diagnosis and ever use of rheumatoid arthritis-specific
medications) was excluded from the OAI. If a potential
participant reported being diagnosed but had none of the
medications then they were excluded if the responses to
questions about symptoms were suggestive of rheumatoid
arthritis. The OAI staff also excluded adults with severe
knee OA, which was defined as (1) OARSI joint space
narrowing grade of 3 in both knees, (2) OARSI joint space
narrowing grade of 3 in one knee if the other knee had a
total knee replacement, (3) bilateral total knee replace-
ments, or (4) plans to get bilateral total knee replacements
within 3 years of starting the study. A person with a MRI
contra-indication was also excluded from the OAI (e.g.,
men over 285 pounds, women over 250 pounds). Specific
to this project, we excluded OAI participants without radi-
ographs of the dominant hand (n=1180, 24.6%). Another
10 participants had hand radiographs that were of insuffi-
cient quality to score. Two participants were omitted from
the study due to coding errors. See Fig. 1 for a flowchart
of the study. Institutional review boards at the OAI clinical
sites and the coordinating center (University of Califor-
nia, San Francisco) approved the OAI study (University
of California Internal Review Board Approval Number
10-00532, Approval Date: 2/24/2017, Expiration Date:
2/23/2018). All participants provided informed consent.

OAI Participants
(n=4,796)

I OAI Participants
missing 48 month

follow-up
(n=540)

OAI Participants with 48
month follow-up

(n=4,256)
OAI Participants
with 48 month
follow-up missing
hand x-rays
(n=652)

OAIl Participants with 48 month
follow-up AND hand x-rays at
baseline and 48 months
[analysis sample]
(n=3,604)

Fig. 1 Flow chart of the study. OAI Osteoarthritis Initiative, 7 =num-
ber
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Definition of dominant hand

To determine the dominant hand, the OAI staff asked 95%
of the study participants if they were right or left handed. If
a participant answered ambidextrous or unknown or if data
was missing and the person had unilateral hand radiographs
that hand was selected (4% of sample). If a participant
answered ambidextrous or unknown or if data were missing
and the person had bilateral hand radiographs, we selected
the dominant hand based on the ipsilateral hand to the foot a
person reported using to kick a ball (1% of sample).

Hand radiograph reading procedure

One investigator (LFS) read the posteroanterior radiographs
of the dominant hand using a custom software-based data
entry tool, which displays the two images side by side
but blinds the reader to time-point. The software offered
a graphical user interface (GUI) for electronic scoring. In
total, 16 joints per hand were scored: 2nd-5th distal inter-
phalangeal (DIP) joints, 2nd—5th proximal interphalangeal
(PIP) joints, 1st—5th metacarpophalangeal (MCP) joints,
thumb interphalangeal (IP) joint, and the thumb base joints
(i.e., first carpometacarpal (CMC-1) joint and the scapho-
trapezial (ST) joint). The joints were scored according to the
modified Kellgren—Lawrence (KL) scale that was used in the
Framingham Study [1]:

KL grade 0: no osteoarthritis (OA), i.e. no osteophyte or
joint space narrowing.

KL grade 1: minimal OA, i.e. questionable osteophyte
and/or joint space narrowing.

KL grade 2: mild OA, i.e. small osteophyte(s) and/or mild
joint space narrowing, sclerosis may be present.

KL grade 3: moderate OA, i.e. moderate osteophyte(s)
and/or moderate joint-space narrowing, sclerosis and ero-
sions may be present.

KL grade 4: severe OA, i.e. large osteophyte(s) and/or
severe joint-space narrowing, sclerosis and erosions may be
present.

The reader scored 100 randomly selected pairs of
hand radiographs twice. Intra-reader agreement, based on
weighted kappas, was good (weighted kappa > 0.84).

Definition of hand OA

For our primary analysis, radiographic hand OA at person
level was defined as persons with two or more finger joints
(DIP, PIP, MCP joints) with KL grade 2 or higher. To reduce
misclassification due to the presence of post-traumatic OA,
the joint involvement had to be present in at least two sepa-
rate digits. We repeated the analyses with inclusion of the
thumb base. Thumb base OA was defined as KL grade of 2
or higher in either the first CMC or the ST joint.

For the purpose of exploratory analyses, we explored
more conservative definitions of hand OA as well as differ-
ent sum scores of KL grades and their associations with self-
reported hand pain. We calculated sum scores of all joints
within one hand, all joints without the thumb base joints
(first CMC and ST joint), and the thumb base joints alone.
We also analyzed the number of joints with mild (KL =2),
moderate (KL =3), or severe (KL =4) OA within the entire
hand, each digit, and across three rows (DIP row, PIP row
and MCP row; Tables 2, 3, 4).

OAI hand pain variables

Self-reported hand or finger pain was defined based on a
homunculus with the question “During the past 30 days,
which of these joints have had pain, aching, or stiffness on
most days? By most days, we mean more than half the days
of a month.” Participants indicated left or right hand pain.
Self-reported physician-diagnosed hand OA was based on
the response to “Has a doctor ever told you that you have
osteoarthritis or degenerative arthritis in your hand or fin-
gers?”. This variable is publicly available at the OAI website.

Statistical methods

To explore the association between various definitions of
radiographic hand OA (predictor) and self-reported hand
pain (outcome), we performed a series of logistic regres-
sion models. We calculated unadjusted and adjusted odds
ratios (OR) with 95% confidence intervals (CI) to assess the
likelihood that persons with radiographic hand OA would
have self-reported hand pain at baseline compared with per-
sons without radiographic hand OA. Models were adjusted
for baseline age, sex, race, and baseline body mass index.
We used Poisson distribution to model the count-like data
for the sum scores of all joints within one hand, all joints
without the thumb base joints (first CMC and ST joint) and
the thumb base joints alone. Finally, we determined the set
of structural characteristics that was most strongly associ-
ated with hand pain using area-under-the receiver operating
characteristics curves (AUC) to evaluate the performance of
model prediction for each pathway and outcome.

We performed the described analyses also considering
self-reported physician-diagnosed hand OA as an outcome.

Results

The demographic characteristics for the 3604 subjects are
given in Table 1.
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Table 1 Demographics of the study population

Variable Description
Female (n, %) 2058 (57.1)
Smoking status (n, %)
Never 1956 (54.3)
Current 205 (5.7)
Past 1443 (40.0)
Race (n, %)
Caucasian 2946 (81.7)
Black/African American 558 (15.5)
Other 100 (2.8)
Hispanic ethnicity 37 (1.0)
Age (mean, SD) 61.1 (9.1)
Body mass index (mean, SD) 28.5 (4.8)
Income (n, %)
< $50,000/year 1226 (34.0)
> $50,000/year 2240 (62.2)
Missing 138 (3.8)
Marital status: partnered (n, %) 2472 (68.6)
Employed (n, %) 2266 (62.9)
Education level (n, %)
< High School 500 (13.8)
High School 1621 (45.0)
High School + 1462 (40.6)
Radiographic knee OA (KL >2; n, %) 2023 (56.1)
Dominant hand (1, %)
Right 3171 (88.0)
Left 258 (7.2)
Ambidextrous 44 (1.2)
Missing 131 (3.6)

n number, SD standard deviation, OA osteoarthritis, KL Kellgren-
Lawrence

Hand pain and radiographic OA within the entire
hand

All definitions of radiographic hand OA were statistically
significantly associated with hand pain (Tables 2, 3, 4). In
our main analyses, persons with two or more finger joints
with KL grade > 2 at different digits (including or excluding
the thumb base) were approximately two times more likely
to self-report hand pain than persons without radiographic
hand OA (Table 2). For the thumb base alone, the result was
similar (OR =1.74; 95% CI=1.46-2.08). When we summed
the KL scores, we found that for each increase in KL grade a
person was 33 to 51% more likely to report pain.

When we defined radiographic severity based on the num-
ber of joints involved with a specific minimum KL grade, the
association between radiographic hand OA and self-reported
pain tended to be greater when more joints were affected
and when we used higher KL grades to define radiographic
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hand OA (Table 2). People were 2.09-2.48, 4.40-8.30,
or 3.73-6.78 times more likely to report hand pain if we
required at least two or five joints with KL >2, KL >3, or
KL =4, respectively (Table 2).

For the adjusted AUC analysis, the sum scores provided
lower correlation with pain than the other groups (sum of all
joints: OR=1.48; 95% CI=1.44-1.51).

For ROC curves of the results see Fig. 2.

Hand pain and radiographic OA by digit and row

For the single-digit analyses, the association with pain was
similar for all five digits (Table 3). Similarly, we found that
the association between radiographic hand OA severity and
self-reported pain was similar for the three rows (DIP row,
PIP row, MCP row; Table 4). The association between radio-
graphic hand OA severity and self-reported pain tended to
be greater when more joints were affected within each digit
or within each row and when we used higher KL grades to
define radiographic hand OA (Tables 3, 4). This was con-
firmed by the AUC analysis, with higher AUC values for
KL grades of 3 or 4. However, when we used more strin-
gent criteria to define radiographic hand OA the confidence
intervals (95% CI) widened due to a decrease in the size of
the subgroups.
For ROC curves of the results see Fig. 2.

Physician-diagnosed hand OA

The majority of the different definitions of radiographic
hand OA were statistically significantly associated with
self-reported physician-diagnosed hand OA. The patterns
were similar as for hand pain, but with slightly higher ORs
for physician-diagnosed hand OA.

Discussion

In summary, almost all definitions of radiographic hand
OA severity were statistically significantly associated with
self-reported hand pain. This highlights the value of read-
ing hand X-rays for the assessment of hand OA. Increasing
disease severity (KL grades) or increasing number of joints
affected lead to stronger associations. Hence, investigators
may define radiographic hand OA based on the number of
joints affected or higher KL grades indiscriminate of row
or digit within a hand. However, as we required increasing
number of joints affected the sample size dwindled quickly.
For the digit- and row-based analyses, the AUC analysis
emphasized the stronger association of advance-stage dis-
ease (KL grades 3 and 4) with hand pain. Nevertheless,
the association is still significant for KL 2 and a definition
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Table 2 Association between hand-based radiographic severity and presence of hand pain

Radiographic definition Absence of hand pain  Presence of hand pain Crude Adjusted*
(n=2806) (n="798) OR (95% CI) [c-statistic OR (95% CI)
n (%) n (%) or AUC] [c-statistic or AUC]
Standard definitions
2+ joints (KL >2) but on different digits 1050 (37.4) 449 (56.3) 2.15(1.83,2.52) 2.15(1.78, 2.59)
[0.567] [0.806]
2+ joints (KL >2) (excluding thumb base) 1075 (38.3) 452 (56.6) 2.10(1.79, 2.47) 2.09 (1.74,2.52)
[0.565] [0.803]
Thumb base (KL >2 at either first CMC or ST joint) 1044 (37.4) 418 (52.7) 1.87 (1.60, 2.19) 1.74 (1.46, 2.08)
[0.555] [0.744]
Thumb base & 2+ joints (KL >2) on different digits 645 (23.1) 314 (39.6) 2.19 (1.85, 2.58) 2.11 (1.74, 2.56)
[0.573] [0.802]
Sum of KL grades
All joints 5 (0-44)* 9 (0-46)* 1.64 (1.60, 1.68)° 1.48 (1.44, 1.51)°
[0.640] [0.679]
All joints (sans thumb base) 3 (0-39)* 8 (0-39)* 1.69 (1.64, 1.73)° 1.51 (1.47, 1.56)°
[0.638] [0.674]
Thumb base (first CMC, ST) 1(0-8)* 2 (0-8) 1.44 (1.37,1.53)° 1.33 (1.25, 1.41)°
[0.595] [0.652]
Number of Joints with KL >2 (sans thumb base)
2+ joints (KL >2) but on different digits 1050 (37.4) 449 (56.3) 2.15(1.83,2.53) 2.17 (1.80, 2.61)
[0.567] [0.806]
2 +joints (KL >2) (no limitation) 1075 (38.3) 452 (56.6) 2.10(1.79,2.47) 2.09 (1.74,2.52)
[0.565] [0.803]
3 +joints (KL >2) 781 (27.8) 388 (48.6) 2.45 (2.09, 2.88) 2.48 (2.05, 3.00)
[0.582] [0.813]
4+ joints (KL>2) 612 (21.8) 325 (40.7) 2.46 (2.08,2.91) 2.46 (2.02,2.99)
[0.585] [0.818]
5+joints (KL >2) 455 (16.2) 263 (33.0) 2.54(2.13, 3.04) 2.46 (2.01, 3.02)
[0.590] [0.811]
Number of Joints with KL >3 (sans thumb base)
2+ joints (KL > 3) but on different digits 135 (4.8) 152 (19.1) 4.66 (3.64, 5.96) 4.49 (3.43,5.88)
[0.667] [0.845]
2+ joints (KL > 3) (no limitation) 141 (5.0) 155 (19.4) 4.56 (3.57,5.81) 4.40 (3.37,5.74)
[0.665] [0.843]
3 +joints (KL >3) 81(2.9) 101 (12.7) 4.88 (3.60, 6.61) 4.47 (3.23, 6.19)
[0.676] [0.861]
4 +joints (KL >3) 46 (1.6) 70 (8.8) 5.77 (3.94, 8.44) 5.00 (3.34, 7.48)
[0.697] [0.882]
5+joints (KL >3) 18 (0.6) 47 (5.9) 9.69 (5.60, 16.79) 8.30 (4.71, 14.65)
[0.755] [0.899]
Number of Joints with KL >4 (sans thumb base)
2+ joints (KL >4) but on different digits 28 (1.0) 35 (4.4) 4.55(2.75,7.53) 3.76 (2.24,6.33)
[0.670] [0.869]
2+ joints (KL >4) (no limitation) 29 (1.0) 36 (4.5) 4.52 (2.76, 7.43) 3.73(2.23,6.23)
[0.669] [0.870]
3+ joints (KL >4) 18 (0.6) 28 (3.5) 5.63 (3.10, 10.24) 4.51(2.45,8.32)
[0.696] [0.867]
4+ joints (KL>4) 11 (0.4) 15(1.9) 4.87 (2.23, 10.64) 4.01 (1.81, 8.89)
[0.679] [0.855]
5+ joints (KL >4) 4(0.1) 9(1.1) 7.99 (2.45, 26.02) 6.78 (2.05, 22.44)

[0.736]

[0.841]

AUC area under the curve, n number, OR Odds Ratio, CIconfidence interval, KL Kellgren—-Lawrence, CMC carpometacarpal, ST scaphotrapezial

*Qdds ratio adjusted for age, gender, race, and body mass index at baseline

*Median and range displayed for this section

bPoisson distribution used to model count-like data. Parameter estimates can be interpreted similar to OR’s from logistic regressions
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Table 3 Association between
digit-based radiographic
severity and presence of hand
pain
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Radiographic definition
pain (n=2806)

Absence of hand Presence of hand Crude
pain (n=798)

OR (95% CI)

[c-statistic or AUC]

Adjusted*
OR (95% CI)

[c-statistic or AUC]

n (%) n (%)

Digit 1 (IP Joint and first MCP joint): number of KL >=2
0 joints 1961 (69.9) 433 (54.3)
1 joint 689 (24.6) 290 (36.3)
2 joints 156 (5.6) 75(9.4)

Digit 2 (MCP2, PIP2, DIP2): number of KL >=2

0 joints 1844 (65.7) 367 (46.0)
1 joint 658 (23.5) 240 (30.1)
2 joins 257 (9.2) 157 (19.7)
3 joints 47 (1.7) 34 (4.3)

Digit 3 (MCP3, PIP3, DIP3): number of KL >=2

0 joints 1990 (70.9) 413 (51.8)
1 joint 513 (18.3) 190 (23.8)
2 joints 262 (9.3) 165 (20.7)
3 joints 41 (1.5) 29 (3.6)

Digit 4 (MCP4, PIP4, DIP4): number of KL >=2

0 joints 2198 (78.3) 487 (61.1)
1 joint 413 (14.7) 158 (19.8)
2-3 joints’ 269 (7.0) 152 (19.1)

Digit 5 (MCPS, PIP5, DIP5): number of KL >=2

0 joints 1913 (68.2) 427 (53.5)
1 joint 642 (22.9) 221 (27.7)
2-3 joints’ 251 (8.9) 150 (18.8)

Digit 1 (IP Joint and first MCP joint): number of KL >=3
2692 (95.9) 717 (89.9)
114 4.1) 81 (10.1)

0 joints

1-2 joints*

Digit 2 (MCP2, PIP2, DIP2): number of KL >=3

0 joints 2670 (95.2) 650 (81.5)
1 joint 126 (4.5) 126 (15.8)
2-3 joints’ 10 (0.4) 22 (2.7)

Digit 3 (MCP3, PIP3, DIP3): number of KL >=3

0 joints 2682 (95.6) 664 (83.3)
1 joint 110 (3.9) 107 (13.4)
2-3 joints’ 14 (0.5) 26 (3.3)

Digit 4 (MCP4, PIP4, DIP4): number of KL >=3

0 joints 2730 (97.3) 704 (88.3)
1 joint 72 (2.6) 75 (9.4)
2-3 joints* 4(0.1) 18 (2.3)

Digit 5 (MCP5, PIP5, DIPS): number of KL >=3

0 joints 2667 (95.1) 674 (84.5)

(Ref)

1.91 (1.61, 2.26)
2.18 (1.62,2.92)
[0.560]

(Ref)

1.83 (1.52,2.21)
3.07 (2.44, 3.86)
3.64 (2.31,5.73)
[0.572]

(Ref)

1.79 (1.47,2.18)
3.04 (2.43,3.79)
3.41 (2.09, 5.55)
[0.574]

(Ref)

1.73 (1.40, 2.13)
3.52(2.79, 4.45)
[0.578]

(Ref)

1.54 (1.28, 1.86)
2.68 (2.13, 3.36)
[0.556]

(Ref)
2.66 (1.98, 3.59)
[0.603]

(Ref)

4.11 (3.16, 5.34)
9.04 (4.26, 19.18)
[0.663]

(Ref)

3.93 (2.97, 5.20)
7.50 (3.90, 14.45)
[0.660]

(Ref)

4.04 (2.89, 5.64)
17.45 (5.89, 51.73)
[0.673]

(Ref)

(Ref)

1.88 (1.6, 2.26)
2.14 (1.56, 2.94)
[0.737]

(Ref)

1.87 (1.52, 2.30)
3.03 (2.34,3.91)
3.98 (2.45, 6.48)
[0.804]

(Ref)

1.76 (1.42,2.18)
2.93 (228, 3.76)
3.76 (2.26, 6.27)
[0.785]

(Ref)

1.69 (1.35,2.10)
3.33 (2.56, 4.31)
[0.774]

(Ref)

1.59 (1.31, 1.94)
2.57 (1.98, 3.33)
[0.760]

(Ref)
2.51 (1.84, 3.43)
[0.790]

(Ref)

3.99 (3.00, 5.29)
8.70 (4.03, 18.82)
[0.846]

(Ref)

3.62 (2.70, 4.87)
6.94 (3.51, 13.73)
[0.834]

(Ref)

3.66 (2.59, 5.17)
15.49 (5.15, 46.61)
[0.832]

(Ref)
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Table 3 (continued)

Radiographic definition ~ Absence of hand Presence of hand Crude

pain (n=2806)  pain (n=798)

OR (95% CI)

[c-statistic or AUC]

Adjusted*
OR (95% CI)

[c-statistic or AUC]

n (%) n (%)
1 joint 132 (4.7) 103 (12.9)
2-3 joints* 7(0.3) 21 (2.6)

Digit 1 (IP Joint and first MCP joint): number of KL >=4
0 joints 2797 (99.7) 776 (97.2)
1-2 joints’ 9(0.3) 22 (2.8)

Digit 2 (MCP2, PIP2, DIP2): number of KL >=4
0 joints 2768 (98.7) 753 (94.4)
1-3 joints* 38(1.3) 45 (5.6)

Digit 3 (MCP3, PIP3, DIP3): Number of KL >=4
0 joints 2772 (98.8) 763 (95.7)
1-3 joints* 34 (1.2) 34 (4.3)

Digit 4 (MCP4, PIP4, DIP4): number of KL >=4
0 joints 2788 (99.4) 772 (96.9)
1-3 joints' 18 (0.6) 253.1)

Digit 5 (MCPS, PIP5, DIPS): number of KL >=4

3.09 (2.35, 4.05)

11.87 (5.03, 28.04)

[0.635]

(Ref)

8.81 (4.04, 19.21)

[0.746]

(Ref)
435 (2.81, 6.75)
[0.664]

(Ref)
3.63(2.24,5.88)
[0.642]

(Ref)
5.02 (2.72, 9.24)
[0.682]

2.87(2.16, 3.81)
11.25 (4.68, 27.06)
[0.807]

(Ref)
6.71 (3.04, 14.81)
[0.886]

(Ref)
3.72 (2.36, 5.87)
[0.857]

(Ref)
3.05 (1.86, 5.02)
[0.842]

(Ref)
4.08 (2.18, 7.62)
[0.864]

0 joints 2789 (99.4) 775 (97.1) (Ref) (Ref)
1-3 joints' 17 (0.6) 23 (2.9) 4.87 (2.59, 9.16) 4.18 (2.18, 7.99)
[0.679] [0.841]

AUC area under the curve, n number, OR Odds Ratio, CI confidence interval, KLKellgren-Lawrence,
IPinterphalangeal joint, MCP metacarpophalangeal joint, PIP proximal interphalangeal joint, DIP distal

interphalangeal joint

*Qdds ratio adjusted for age, gender, race, and body mass index at baseline

*Levels combined for analysis due to low numbers in higher levels

merely based on advance-stage disease would misclassify a
substantial number of individuals.

Several cross-sectional studies have investigated the
association between radiographic hand OA and pain, but
the results are inconsistent [9, 10]. A review of 16 articles
suggested that radiographic hand OA was associated with
hand pain, but the strength of the association varied between
studies [8]. Our study with its large number of participants
showed a strong and consistent association of radiographic
hand OA with hand pain and, therefore, supports this
association.

Our results complement prior studies that found a dose-
dependent correlation of hand pain with radiographic hand
OA severity, which accounted for the number of joints
affected and higher KL grades [11, 14, 15]. However, our
results contradicted prior findings that the strongest relation
with pain was with thumb base OA [11]. In another study
[16], the investigators reported the strongest correlation of
hand pain with combined radiographic thumb and finger OA.

Meanwhile, individuals with thumb only OA and the fin-
ger only OA had similar mean pain scores. In our analysis,
we were unable to confirm that the presence of thumb base
OA with finger-based OA led to stronger associations with
hand pain compared to definitions that examined the thumb
and fingers separately. Contrasting results may relate to dif-
ferent study populations and the use of different outcome
measures. In the current study, we used self-reported hand
pain without information about pain in different situations.
Healthy thumb base joints are important for performance
of several daily activities, and thumb base OA may lead to
pain when performing specific activities. Specific hand OA
questionnaires, such as the AUSCAN, include questions
about pain in different situations. A limitation to our data is
that the job details of the participants are unknown. Physi-
cal work with the hands can lead to minor repetitive trauma.
This could be a potential risk factor for hand pain. Despite
this, we still observed consistent associations between hand
pain and radiographic hand OA.
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Table 4 Association between
row-based radiographic severity
and presence of hand pain

@ Springer

Radiographic definition Absence of hand Presence of hand ~ Crude Adjusted*
pain (n=2806) pain (n=798) OR (95% CI) OR (95% CI)
n (%) n (%) [c-statistic or AUC] [c-statistic or AUC]
DIP row (DIP2 to DIPS): number of KL >=2
0 joints 1519 (56.7) 313 (39.2) (Ref) (Ref)
1 joint 493 (17.6) 131 (16.4) 1.35(1.08, 1.70) 1.44 (1.13, 1.82)
2 joints 259 (9.2) 93 (11.7) 1.83 (1.40, 2.38) 1.90 (1.43,2.53)
3 joints 165 (5.9) 77 (9.7) 2.37 (1.76, 3.19) 2.43 (1.77,3.35)
4 joints 297 (10.6) 184 (23.1) 3.15(2.53,3.93) 3.19 (2.46,4.12)
[0.561] [0.786]
PIP row (PIP2 to PIP5): number of KL>=2
0 joints 2140 (76.3) 466 (58.4) (Ref) (Ref)
1 joint 283 (10.1) 97 (12.2) 1.57 (1.22,2.02) 1.60 (1.24, 2.08)
2 joints 141 (5.0) 75(9.4) 2.44 (1.81,3.29) 2.40 (1.76,3.27)
3 joints 90 (3.2) 64 (8.0) 3.27(2.33,4.57) 3.25(2.28,4.62)
4 joints 151 (5.4) 96 (12.0) 2.92(2.22,3.84) 2.71 (2.00, 3.66)
[0.577] [0.767]
MCP row (MCP2 to MCP5): number of KL >=2
0 joints 2577 (91.8) 692 (86.7) (Ref) (Ref)
1 joint 172 (6.1) 68 (8.5) 1.47 (1.10, 1.97) 1.52 (1.12, 2.06)
2-4 joints* 57 (2.1) 38 (4.8) 2.48 (1.63,3.78) 2.79 (1.80, 4.32)
[0.552] [0.751]
DIP row (DIP2 to DIP5): number of KL>=3
0 joints 2592 (92.4) 611 (76.6) (Ref) (Ref)
1 joint 112 (4.0) 68 (8.5) 2.58 (1.88,3.53) 2.43(1.75,3.38)
2 joints 52 (1.9) 51(6.4) 4.16 (2.80, 6.18) 3.97 (2.63, 5.99)
3-4 joints® 49 (1.8) 68 (8.5) 5.89 (4.04, 8.59) 5.67 (3.80, 8.46)
[0.638] [0.834]
PIP row (PIP2 to PIP5): number of KL >=3
0 joints 2743 (97.8) 715 (89.6) (Ref) (Ref)
1 joint 47 (1.7) 49 (6.1) 4.00 (2.66, 6.02) 3.73 (2.45,5.68)
2-4 joints* 15 (0.5) 34 (4.3) 8.70 (4.71, 16.05) 7.59 (4.04, 14.26)
[0.683] [0.814]
MCP row (MCP2 to MCP5): number of KL >=3
0 joints 2777 (99.0) 769 (96.4) (Ref) (Ref)
1-4 joints* 29 (1.0) 29 (3.6) 3.61 (2.15, 6.08) 4.04 (2.35, 6.96)
[0.642] [0.836]
DIP row (DIP2 to DIP5): number of KL >=4
0 joints 2760 (98.4) 747 (93.6) (Ref) (Ref)
1 joint 26 (0.9) 23 (2.9 3.27(1.85,5.76) 2.69 (1.51,4.81)
2-4 joints® 19 (0.7) 28 (3.5) 5.45(3.02,9.81) 4.27 (2.34, 7.80)
[0.659] [0.850]
PIP row (PIP2 to PIP5): number of KL >=4
0 joints 2794 (99.6) 778 (97.5) (Ref) (Ref)
1-4 joints* 11 (0.4) 20 (2.5) 6.53(3.12, 13.69) 5.55(2.61,11.82)
[0.714] [0.872]
MCP row (MCP2 to MCP5): number of KL >=4
0 joints 2798 (99.7) 789 (98.9) (Ref) (Ref)
1-4 joints® 8(0.3) 9(1.1) 3.99 (1.53,10.37) 4.33(1.61,11.59)

[0.655]

[0.896]

AUC area under the curve, n number, OR Odds Ratio, CIconfidence interval, KL Kellgren-Lawrence, MCP
metacarpophalangeal joint, PIP proximal interphalangeal joint, DIP distal interphalangeal joint

*Qdds ratio adjusted for age, gender, race, and body mass index at baseline

*Levels combined for analysis due to low numbers in higher levels
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Fig.2 Receiver operating characteristics (ROC) curves of the results. KL Kellgren-Lawrence

Limitations

While our study offers an in-depth analysis of the association
between radiographic hand OA severity and hand pain, it is
important to acknowledge some limitations. We used a non-
specific question on hand pain that could include pain attrib-
utable to other musculoskeletal complaints. This could cause
us to underestimate the true association between hand pain
and radiographic hand OA severity. Despite the possibility
that we underestimated this association, we found consist-
ent associations between radiographic hand OA severity and
hand pain. Another limitation is a potential selection bias
since we did not use data from a population-based cohort

study but from a preselected sample of individuals with or at
risk for knee OA. Nevertheless, the OAI is a publicly avail-
able cohort, which gave us the opportunity to study a large
sample size of subjects.

In summary, we consistently found an association
between radiographic hand OA severity and self-reported
hand pain. This highlights the value of reading hand X-rays
for the assessment of hand OA. Individuals with more
severely affected joints (higher KL grades) or with more
affected joints are more likely to report hand pain than
their peers. Specifically, individuals with hand joints with
advance-stage disease (KL 3 or 4) may have the greatest
likelihood of hand pain. Hence, investigators may define
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radiographic hand OA based on the number of joints affected
or higher KL grades indiscriminate of row or digit within
a hand. Nevertheless, the association is still significant for
KL 2 and a definition merely based on advance-stage disease
would misclassify a substantial amount of individuals.
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