
Osteoarthritis and Cartilage Open 5 (2023) 100397
Contents lists available at ScienceDirect

Osteoarthritis and Cartilage Open

journal homepage: www.elsevier.com/journals/osteoarthritis-and-cartilage-open/2665-9131
Frequency of multisite non-hand joint involvement in patients with
thumb-base osteoarthritis, and associations with functional and
patient-reported outcomes

Anthony V. Perruccio a,b,c,d,*, Elizabeth M. Badley a,b,e, Daniel Antflek a, J Denise Power a,
Heather Baltzer a,d

a Schroeder Arthritis Institute, Krembil Research Institute, University Health Network, Canada
b Arthritis Community Research and Epidemiology Unit (ACREU), Canada
c Institute of Health Policy, Management & Evaluation, Dalla Lana School of Public Health, University of Toronto, Canada
d Department of Surgery, Faculty of Medicine, University of Toronto, Canada
e Dalla Lana School of Public Health, University of Toronto, Canada
A R T I C L E I N F O

Handling Editor: Professor H Madry

Keywords:
Thumb-base osteoarthritis
Multijoint symptoms
Pain
Disability
Grip strength
Patient-reported outcomes
* Corresponding author. Schroeder Arthritis Insti
E-mail addresses: anthony.perruccio@uhnresearc

uhnresearch.ca (J.D. Power), Heather.Baltzer@uhn

https://doi.org/10.1016/j.ocarto.2023.100397
Received 4 July 2023; Received in revised form 2
2665-9131/© 2023 Published by Elsevier Ltd on beh
(http://creativecommons.org/licenses/by/4.0/).
A B S T R A C T

Purpose: In OA studies, the focus often is on an index-joint; other affected joint sites are often overlooked. In this
thumb-base OA study, we documented the frequency of symptomatic non-hand joint sites and investigated
whether their count was associated with thumb-specific functional and patient-reported outcome measures.
Design: Patients seeking care for thumb-base OA (conservative or surgical) were included. A patient-completed
questionnaire captured sociodemographic and health characteristics, symptomatic hand and non-hand joint
sites, and outcome measures (thumb-base pain intensity, symptoms and disability (TASD) and upper-extremity
disability/symptoms (quickDASH)). Grip and pinch strength were measured. Linear regressions examined the
association between each outcome and symptomatic joint site count, adjusted for several covariates.
Results: The mean age of the 145 patients was 62 years, 72% were female. Mean symptomatic non-hand joint site
count was 3.6. Ten percent reported only their hands as symptomatic; 30% reported 2–3 other symptomatic sites,
and 49% reported 4þ. From cross-sectional multivariable analyses, a higher symptomatic non-hand joint site
count was associated with worse scores for all patient-reported outcomes and grip strength. Every unit increase in
joint site count (49% had a 4þ count) was associated with a 2.1–3.3 unit increase (worse) in patient-reported
outcome scores (all p < 0.02).
Conclusions: In this sample, nearly 80% of patients had 2þ symptomatic non-hand joint sites. These symptoms were
associated with worse thumb- and hand-specific outcomes, suggesting a need for awareness of whole body OA
burden, with implications for outcome score interpretations, study designs, and provision of care in thumb-base OA.
1. Introduction

Osteoarthritis (OA) is among the leading contributors to pain and
disability globally [1,2]. OA is often clinically approached as a single-joint
disease and the vast majority of OA research has focused on individual
joints, particularly the knees andhips, but also thehands [1,3].HandOA is
a common condition [4]. Individuals living with hand OA often can
experience pain, joint stiffness, reduced range ofmotion and grip strength,
impaired function, and difficulty undertaking activities of daily living [5,
6]; overall health-related quality of life is impacted as a result.
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Hand OA typically affects the distal interphalangeal (DIP) joints,
proximal interphalangeal (PIP) joints, and the first carpometacarpal
(CMC-1) joints [7,8]. Thumb-base OA is defined as OA in the CMC-1
joint; the scaphotrapezoid joint may or may not be involved [9].
Among individuals with symptomatic hand OA, pain and disability are
more common with OA in the CMC-1 joint than in the DIP or PIP joints
[10]. No disease modifying drugs are currently available for OA, and
treatment aims to reduce pain and functional disability. Current phar-
macological treatment for hand OA most often is confined to symptom-
atic treatment, and surgical treatment usually is limited to cases of severe
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OA in the CMC-1 joint. Recommended non-pharmacological modalities
include education, hand therapy and splinting [11–13].

A number of core domains have been suggested for use in studies of
hand OA, including pain, function, hand strength, and health-related
quality of life [14]. Since symptomatic finger joint involvement can be
concurrent with thumb-base OA [10,15,16], such symptoms can impact
hand outcome measures generally [10,16,17], with implications for
determining thumb-base specific treatment effects (non--
pharmacological, pharmacological, or surgical) in research studies or in
clinical settings. In addition, when the focus is on thumb OA, outcome
measures in some cases may not be thumb-base specific.

An additional consideration is the symptomatic involvement of other
joint sites, beyond the hands. Hand OA is frequently accompanied by OA
in other joint sites, such as the knees or hips. OA studies have reported
that individuals that have one joint site affected by OA more than likely
will have multiple joint sites affected [18–20]. Furthermore, the greater
the number of symptomatic joint sites involved, the greater the risk of
negative emotions, disability, and reduced health-related quality of life,
all factors that can influence general or joint-specific outcomes in OA [19,
21–24].

In this clinical study of thumb-base OA, we documented the fre-
quency of symptomatic non-hand joint sites. Furthermore, we investi-
gated whether the extent of these symptomatic joint sites was related to
sociodemographic and health characteristics, and whether their presence
was associated with thumb-specific patient-reported outcome measures
and functional measures. Based on literature findings from non-hand
clinical OA studies, we hypothesized that a significant proportion of
our thumb-base OA patients would report multiple non-hand symptom-
atic joints, and that the greater the number of symptomatic joint sites, the
worse would be thumb-specific patient-reported and functional out-
comes measure scores.

2. Methods

2.1. Sample

Symptomatic thumb-base OA (trapeziometacarpal OA) patients
scheduled to receive non-surgical management (education, splinting,
physiotherapy) or surgical intervention (trapeziectomy with/without
ligament reconstruction and tendon interposition) were consecutively
recruited from University Health Network, an academic health centre in
Toronto, Canada. Patients were excluded from the study if they had
corticosteroid injections within the three month period prior to
completing the study questionnaire, or had crystalline or post-traumatic
arthritis. Patients with any inflammatory types of arthritis were also
excluded. Patients provided informed consent to participate, and the
study received research ethics board approval (UHN REB #17–5360).

At their initial clinic visit, patients completed a health questionnaire
that captured several sociodemographic characteristics, health-related
characteristics, and a number of outcome measures. For the 29.0% of
patients receiving care for OA in both hands, patients were asked to
complete the questionnaire according to the hand for which they expe-
rienced more severe symptoms. Functional tests were also administered.

2.2. Study outcome measures

Functional measures, key pinch strength and grip strength, were
conducted in triplicate using a dedicated Jamar pinch-gauge and dyna-
mometer (Sammons Preston). Average values were calculated for each
and recorded as pinch and grip strength values in kilograms (kg).

Participants were asked to indicate the overall intensity of their
thumb pain from 0 to 100 using a Visual Analogue Scale (pain VAS), as
well as their symptoms and function using the Trapeziometacarpal
Arthrosis Symptom and Disability Questionnaire (TASD) and the short-
ened Disability of the Arm, Shoulder and Hand scale (quickDASH) [25,
26]. The TASD has 12 items assessing both thumb-specific symptoms and
2

thumb-specific disability. Item responses are indicated on a 5-point scale,
and a summative score out of 100 (100 being worst) was obtained by
summing the response values, dividing by the number of completed
items, subtracting 1, and then multiplying that value by 25. A separate
TASD-symptoms and TASD-disability score is derived. The quickDASH is
an abbreviated version of the DASH questionnaire that includes 11 items
and assesses symptoms and function in the upper extremities. Item re-
sponses are indicated on a 5-point scale (1-no disability to 5-extreme
disability). Scoring for this measure is equivalent to that of the TASD.

2.3. Symptomatic joint sites

The presence of arthritis-affected symptomatic (“pain, stiffness or
swelling most days of the month”) joints was collected in the question-
naire using a homunculus diagram [18,20,23] (neck, back, and right and
left shoulder, elbow, wrist, hand, hip, knee, ankle, foot). For all joints
except the neck and back, a symptomatic site was defined as having a
symptomatic joint on either one or both sides (e.g. one/both knees
counted as one site). A total symptomatic joint site count, ranging from
zero to nine (excluding the hands) was derived. As one of the study ob-
jectives was to understand the impact of ‘other’ joint sites on outcomes in
this clinical population, for the upper-extremity-specific quickDASH
outcome measure, a separate joint site count variable was derived that
excluded all upper-extremity joint sites (i.e. shoulder, elbow, wrist,
hand). For the hand for which clinical care was being sought, symp-
tomatic thumb interphalangeal (thumb-IP), thumb metacarpophalangeal
(thumb-MCP), and finger metacarpophalangeal (MCP), proximal inter-
phalangeal (PIP), and distal interphalangeal (DIP) joints was recorded. A
variable was derived for each of any MCP, any PIP, and any DIP, in
addition to an overall indication if any finger joints were marked as
symptomatic (i.e. MCP, PIP or DIP).

2.4. Additional study variables

Through the questionnaire, individuals also reported their age, sex,
and level of education (dichotomized as ‘�secondary’ and ‘post-sec-
ondary’). The Pain Catastrophizing Scale, a 13-item self-administered
questionnaire, measures whether an individual ruminates about their
pain, magnifies their pain, and whether they feel helpless to manage their
pain [27]. Total scores range from 0 (no catastrophizing) to 52 (severe
catastrophizing). A score �30 is considered a clinically relevant level of
catastrophizing [27]. Body mass index (BMI) was calculated (kg/m2)
using each participant's measured height and weight. BMI was also
categorized as normal (18�BMI<25), overweight (25�BMI<30), or
obese (BMI�30). The AAOS Comorbidity scale was used to capture co-
morbid conditions, with individuals indicating yes/no to a list of health
conditions. A comorbidity count was derived from the sum of ‘yes’ re-
sponses. Radiographic severity of thumb-base OA was assessed by a
blinded reviewer using the Eaton-Littler classification system (Stages 1,
2, 3 and 4) [28]. Patients with missing radiographic data were not
included.

2.5. Statistical analyses

Descriptive statistics were produced for the overall sample and the
distribution of symptomatic joint site groups, which was categorized as
0–1, 2–3, and 4þ, with approximately one third of cases in each category,
was evaluated according to study variable groupings. Mean outcome
measure scores were calculated across symptomatic joint site groups and
statistically evaluated.

A negative binomial regression was used to examine the cross-
sectional association between symptomatic non-hand joint site count
(model outcome) and sociodemographic (age, sex, education) and
health-related (pain catastrophizing, BMI, co-occurring condition count)
factors, patient type (surgical vs. conservative), and hand-related factors
(radiographic thumb-base OA severity, and symptomatic hand joints).
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This regression allowed the calculation of adjusted rate ratios where the
rate is a continuous count of the outcome (i.e. symptomatic joint site
count, excluding the hands).

Linear regressions were used to examine the association between
each outcome measure (model outcomes: grip strength, pinch strength,
pain intensity, TASD symptom score, TASD disability score, quickDASH
score) and symptomatic non-hand joint site count, taking into account
age, sex, education, pain catastrophizing, BMI, co-occurring condition
count, patient type, radiographic thumb-base OA severity, and presence
of any symptomatic finger joints. For interpretive ease, a figure dis-
playing model predicted outcome measure scores against symptomatic
non-hand joint site count was generated from each of the fully adjusted
regression models.

3. Results

Of 176 patients enrolled, 145 (82%) had radiographic data and
comprised the analytical sample. No differences in patient characteristics
or outcomes were found between the 145 included and 31 excluded
patients. Table 1 presents a description of the sample. The mean age was
62 years (range: 41–87), 72% were female, and 33% and 67% were
surgical and conservative management patients. The mean BMI of the
sample was 26.8 (SD ¼ 5.5) with about 22% having a BMI indicating
obesity. A similar proportion reported two or more co-occurring
Table 1
Sample characteristics overall, and distribution of symptomatic non-hand joint site c

Overall %

Overall 100
Patient Characteristics
Age 40–49 9.0

50–59 29.7
60–69 42.8
70þ 18.6

Sex Female 71.7
Male 28.3

Education �secondary 19.4
post-secondary 80.6

Patient Type Surgical 33.1
Conservative 66.9

Body Mass Index Normal 41.0
Overweight 37.5
Obese 21.5

Co-occurring conditions 0 47.2
1 30.6
2þ 22.2

Pain catastrophizing Non-clinically relevant 84.8
Clinically relevant 15.2

Hand OA
Eaton radiographic severity Grade 2 29.0

Grade 3 40.0
Grade 4 28.3

Symptomatic joints, hand receiving care Thumb IP 35.2
Thumb MCP 44.1
Any DIP 21.4
Any PIP 21.4
Any finger-MCP 16.6
Any finger joint 35.9

Outcome measures Mean (SD) ou

Grip strength (kg) 23.4 (11.3)
Pinch strength (kg) 5.3 (3.1)
Thumb pain intensityc 59.7 (25.2)
TASD symptomc 48.8 (18.8)
TASD disabilityc 49.7 (23.0)
quickDASHc 44.5 (18.8)
quickDASH (joint count excluding upper limb joints)c 44.5 (18.8)

IP: interphalangeal; MCP: metacarpophalangeal; DIP: distal interphalangeal; PIP:
Disability Questionnaire; DASH: Disability of the Arm, Shoulder and Hand.

a distribution of joint groups by characteristics (Mantel-Haenszel chi-square or Kru
b mean scores across joint groups (ANOVA test).
c Possible range 0–100; higher is worse.
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conditions other than OA. A clinically relevant score on pain cata-
strophizing was reported by 15% of the sample.

According to the Eaton radiographic classification, 29%, 40% and
28% had Stage 2, Stage 3 and Stage 4 thumb-base OA, respectively. For
the hand for which care was being sought, 35% and 44% reported thumb-
IP and thumb-MCP symptoms, respectively, and 36% reported at least
one symptomatic finger joint (DIP, PIP, or MCP).

The mean number of symptomatic joint sites, excluding the hands,
was 3.6. The back was the most common site (60%), followed by similar
proportions reporting symptomatic wrist, neck, knees, shoulders or hips
(41–48%). Symptomatic feet, ankles and elbows were reported by 33%,
28%, and 20%, respectively. Excluding the hands, one-fifth of the sample
reported 0–1 symptomatic joint sites, 30% 2–3 symptomatic joint sites,
and 49% 4þ symptomatic sites (Table 1). Females were more likely than
males to report 4þ symptomatic joint sites, 54% vs. 37% (Table 1).
Number of joints sites was not related to age or body mass index. Also
reporting a greater number of symptomatic joint sites were those with a
greater number of co-occurring conditions, those with higher thumb-base
OA radiographic grade, and individuals reporting any symptomatic
finger joints. No association was found between symptomatic joint site
count and thumb-IP or thumb-MCP symptoms.

Mean outcome measure scores are also presented in Table 1. For the
functional measures, sample mean grip strength was 23.4 kg and mean
pinch strength was 5.3 kg. Out of a possible score of 0–100 (100 being
ount by characteristic.

Distribution of symptomatic non-hand joint site count (%) p-valuea

0–1 2–3 4þ
20.7 30.3 49.0

15.4 46.2 38.5 0.728
25.6 18.6 55.8
24.2 27.4 48.4
7.4 48.2 44.4
16.4 29.8 53.9 0.028
31.7 31.7 36.6
32.1 28.6 39.3 0.145
18.1 31.0 50.9
20.8 35.4 43.8 0.503
20.6 27.8 51.6
18.6 33.9 47.5 0.510
27.8 27.8 44.4
12.9 29.0 58.1
27.9 30.9 41.2 0.008
18.2 36.4 45.5
9.4 21.9 68.8
21.1 33.3 45.5 0.114
18.8 13.6 68.2

28.6 38.1 33.3 0.025
20.7 25.9 53.5
12.2 29.3 58.5
19.6 29.4 51.0 0.720
20.3 26.6 53.1 0.483
6.5 22.6 71.0 0.004
12.9 12.9 74.2 0.005
8.3 20.8 70.8 0.017
9.6 23.1 67.3 <0.001

tcome score within group p-valueb

29.9 (10.5) 24.2 (11.3) 20.2 (10.3) <0.001
5.9 (2.4) 5.2 (2.5) 5.1 (3.7) 0.216
51.6 (30.5) 56.1 (25.0) 65.1 (21.9) 0.028
41.0 (20.6) 45.0 (18.0) 54.4 (17.0) 0.003
39.7 (24.7) 49.0 (22.8) 54.4 (21.1) 0.017
33.8 (19.4) 40.6 (18.6) 51.4 (16.0) <0.001
36.8 (19.4) 43.6 (17.2) 53.3 (16.5) <0.001

proximal interphalangeal; TASD: Trapeziometacarpal Arthrosis Symptom and

skal-Wallis test, as appropriate).



A.V. Perruccio et al. Osteoarthritis and Cartilage Open 5 (2023) 100397
worst), mean pain intensity score in the sample was 59.7, TASD-symptom
score was 48.8, TASD-disability score was 49.7, and mean quickDASH
score was 44.5.

Mean grip strength significantly decreased, from 29.9 to 24.2 to 20.2
kg, in those with 0–1, 2–3 and 4þ symptomatic joint sites, respectively. A
similar pattern with pinch strength was not found. For all thumb-specific
and upper-extremity-specific patient-reported outcome measures, mean
scores were significantly higher (i.e. worse) with increasing number of
non-hand symptomatic joint sites (Table 1). For example, the mean
thumb-specific TASD-disability score increased from 39.7 to 49.0 to 54.4
in individuals with 0–1, 2–3 and 4þ symptomatic joint sites, respectively.

Results from the multivariable adjusted negative binomial regression,
examining factors associated with the number of symptomatic joint sites,
are presented in Table 2. Factors associated with a significantly greater
number of symptomatic non-hand joint sites included female sex, a
clinically relevant level of pain catastrophizing, a greater number of co-
occurring conditions, worse radiographic thumb-base OA severity, and
the presence of symptomatic DIP joints.

Linear regression results are presented in Table 3 for the functional
measures and Table 4 for the patient-reported outcomes. Symptomatic
non-hand joint site count was not found to be associated with pinch
strength in the adjusted model (Table 3). However, increasing symp-
tomatic non-hand joint site count was associated with lower grip strength
in the adjusted model. For every unit increase in symptomatic joint site
count, grip strength was reduced by 0.76 kg (p ¼ 0.029). Adjusted for
radiographic thumb-base OA severity, presence of symptomatic finger
joints, and patient sociodemographic and health-related characteristics,
increasing symptomatic joint site count (excluding the hands) was
independently and significantly associated with worse scores across all
Table 2
Negative binomial regression (outcome: symptomatic non-hand joint site count).

Rate Ratio (95% CL) p-value

Age 0.99 (0.98, 1.01) 0.395
Sex (female vs male) 1.42 (1.12, 1.82) 0.005
Education (�secondary vs. post-secondary) 0.89 (0.67, 1.16) 0.385
Patient Type (surgical vs. conservative) 0.79 (0.64, 0.99) 0.038
Pain catastrophizing (score 30þ vs < 30) 1.38 (1.07, 1.79) 0.014
Body Mass Index 1.01 (1, 1.03) 0.134
Co-occurring condition count 1.17 (1.06, 1.28) 0.001
Radiographic severity stage, thumb CMC
Stage 3 vs. 2 1.34 (1.04, 1.73) 0.022
Stage 4 vs. 2 1.56 (1.17, 2.09) 0.002

Joint symptoms on hand receiving care
Thumb IP joint 0.97 (0.78, 1.21) 0.783
Thumb MCP joint 0.93 (0.74, 1.16) 0.518
DIP joints 1.33 (1.02, 1.74) 0.034
PIP joints 0.98 (0.72, 1.32) 0.883
MCP joints 1.20 (0.88, 1.64) 0.254

CMC: carpometacarpal; IP: interphalangeal; MCP: metacarpophalangeal; DIP:
distal interphalangeal; PIP: proximal interphalangeal.

Table 3
Multivariable linear regression results (outcomes: grip strength and pinch strength).

Outcome:
Grip strength (kg)

Beta (95% CL)

Symptomatic non-hand joint site count ¡0.76 (�1.44, �0.08)
Age ¡0.17 (�0.34, 0)
Sex (female vs male) ¡15.19 (�18.42, �11.9
Education (�secondary vs. post-secondary) �2.67 (�6.28, 0.94)
Pain catastrophizing (score 30þ vs < 30) ¡4.85 (�8.69, �1.01)
Body Mass Index �0.02 (�0.27, 0.24)
Co-occurring condition count 0.74 (�0.68, 2.16)
Patient Type (surgical vs. conservative) ¡3.13 (�6.1, �0.16)
Radiographic severity grade, thumb CMC (3/4 vs 2) ¡3.15 (�6.3, 0)
Symptomatic finger joints on hand receiving care �1.55 (�4.46, 1.36)

CMC: carpometacarpal.
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the patient-reported outcomes (pain intensity, TASD-symptoms, TASD-
disability, and quickDASH). Rate ratios ranged from 2.10 to 3.25 (p-
values ranging from 0.019 to <0.001) per unit increase in symptomatic
joint site count (Table 4). Not unexpectedly, we found that patients
scheduled for surgery had worse outcome measure scores than those
scheduled for conservative management, and individuals with clinically
relevant levels of pain catastrophizing also had worse outcome scores.

Fig. 1 graphically displays the fully adjusted relationship between
symptomatic joint site count and the functional measure values and each
of the patient-reported outcome scores.

4. Discussion

The majority of thumb-base OA patients in this sample reported
arthritis-affected symptomatic non-hand joint sites, with nearly half
reporting four or more affected sites. A greater number of symptomatic
joint sites was associated with poorer patient-reported thumb-specific
outcome measures and with poorer grip strength, adjusted for patient
characteristics, health-related factors, and hand specific joint symptoms.
The findings suggest that an exclusive focus on thumb- or hand-specific
joint symptoms in hand OA studies, and in clinical care, may limit our
ability to fully appreciate the overall impact of OA.

Several studies have documented the high prevalence of multiple
affected joints sites in OA. In a population-based sample among in-
dividuals with symptomatic OA, 84% reported pain at two or more sites,
and 45% at four or more sites, including the hands [18]. In a UK study of
individuals 55þ years of age, the median number of symptomatic joints
was four, and less than 15% of individuals reporting any joint problems
reported only one symptomatic joint [20]. Multiple symptomatic joints
have also been documented among surgical patients undergoing total
joint replacement or spine surgery for OA [23,24]. In a hand OA study
sample from Norway, the median total body painful joint count was 4
[29], and in an Australian thumb-base OA study, 84% reported OA in
other joints [30]. In line with findings from across these studies, we also
found a high prevalence of multijoint involvement in our sample, with
29% reporting 2–3 affected joint sites other than their hands, and 49%
reporting four or more other symptomatic sites. While multiple symp-
tomatic joints in OA clinical and population-based samples appears to be
common for the majority, it is surprising how often it is neglected or
undocumented in OA research studies.

It has been reported that patients who experience greater psycholog-
ical distress and tendency to catastrophize pain haveworse hand pain and
function scores, and these individuals may additionally benefit less from
thumb-base OA treatments [31,32]. Our results support these findings.
Across all the outcomes considered in our study, patient-reported and
functionally measured, higher pain catastrophizing score was signifi-
cantly associated with worse scores. We additionally found that in-
dividuals with clinically relevant pain catastrophizing scores were
significantly more likely to have a higher symptomatic joint site count.
Among this group with high catastrophizing scores, 68% reported 4þ
Outcome:
Pinch strength (kg)

p-value Beta (95% CL) p-value

0.029 0.01 (�0.2, 0.22) 0.912
0.048 �0.04 (�0.09, 0.01) 0.159

7) <0.001 ¡3.65 (�4.65, �2.64) <0.001
0.147 ¡1.58 (�2.71, �0.46) 0.006
0.013 ¡1.22 (�2.41, �0.03) 0.045
0.909 0.15 (0.07, 0.23) <0.001
0.306 �0.18 (�0.62, 0.26) 0.433
0.039 ¡1.00 (�1.93, �0.08) 0.034
0.049 �0.34 (�1.32, 0.64) 0.500
0.297 �0.39 (�1.3, 0.52) 0.401



Table 4
Multivariable linear regression results (outcomes: pain intensity, TASD symptom, TASD disability, and quickDASH).

Outcomesa

Thumb Pain intensity score TASD symptom score TASD disability score quickDASH scoreb

Beta (95% CL) p-value

Symptomatic non-hand joint site count 2.54 (0.67, 4.41)
0.008

2.46 (1.19, 3.74)
<0.001

2.10 (0.35, 3.86)
0.019

3.25 (1.49, 5.01)
<0.001

Pain catastrophizing (score 30þ vs < 30) 10.25 (�0.23, 20.72)
0.045

9.37 (2.14, 16.6)
0.011

12.16 (2.18, 22.14)
0.017

14.85 (7.36, 22.35)
<0.001

Body Mass Index �0.30 (�0.99, 0.4)
0.399

0.04 (�0.44, 0.52)
0.857

0.01 (�0.65, 0.67)
0.976

�0.07 (�0.56, 0.43)
0.797

Co-occurring condition count �0.14 (�3.98, 3.71)
0.945

�1.10 (�3.76, 1.56)
0.417

�2.43 (�6.09, 1.23)
0.194

0.48 (�2.25, 3.21)
0.729

Patient Type (surgical vs. conservative) 16.33 (8.2, 24.47)
<0.001

15.33 (9.73, 20.94)
<0.001

13.11 (5.38, 20.84)
0.001

11.27 (5.45, 17.1)
<0.001

Radiographic severity grade, thumb CMC (3/4 vs 2) 8.67 (0.04, 17.31)
0.049

4.37 (�1.56, 10.31)
0.149

4.98 (�3.21, 13.17)
0.234

0.56 (�5.64, 6.77)
0.859

Symptomatic finger joints on hand receiving care 2.76 (�5.19, 10.71)
0.496

2.29 (�3.15, 7.72)
0.410

2.56 (�4.94, 10.05)
0.504

2.00 (�3.61, 7.62)
0.484

CMC: carpometacarpal; TASD: Trapeziometacarpal Arthrosis Symptom and Disability Questionnaire; DASH: Disability of the Arm, Shoulder and Hand.
a All models additionally adjusted for age, sex, and education level.
b For quickDASH outcome score model, symptomatic joint site count excluded upper extremity joints.

Fig. 1. Predicted outcome scores with increasing symptomatic non-hand joint site count, from fully adjusted models.
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symptomatic joint sites, compared to 45% among those without a clini-
cally relevant pain catastrophizing level. From the fully adjusted model,
worse pain catastrophizing scorewas associatedwith higher symptomatic
joint site count.

Previous hand OA studies have presented conflicting results on the
associations between BMI and symptomatic hand OA or hand pain
[33–35]. We did not find a significant association between BMI and
patient-reported thumb pain intensity, nor with thumb-specific symp-
toms and disability or upper-extremity-specific disability, consistent with
some of the cited work. We also did not find an association between BMI
and the number of reported symptomatic joints, a perhaps surprising
finding given that overweight and obesity are well-established risk fac-
tors for OA, though particularly for the knee but also to a lesser extent for
the hip and hand. However, in a representative population-based sample
5

examining the association of OA risk factors with number of painful joint
sites, Badley et al. similarly found no association between BMI and joint
site count, consistent with findings in a clinical population scheduled for
primary knee or hip replacement surgery for OA [18]. Hoogeboom et al.
also found no difference in mean BMI in patients with hip or knee OA
with and without pain in other joints [36]. The role of obesity in multi-
joint OA clearly requires further exploration.

While we did not find an association between the number of co-
occurring conditions and any of the symptomatic and functional
outcome measures assessed, we did find a positive association with
number of symptomatic joint sites, consistent with findings in other OA
studies [18,37]. Multijoint OA may be a phenomenon driven by comor-
bid inflammation, but systemic low-grade inflammation can also be an
important consequence of OA, particularly in the presence of symptoms
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including pain, which can exacerbate symptoms and reduce functional
performance [38–42]. Although not assessed in this study, it may be that
systemic inflammation associated with multiple symptomatic joints in
OA may contribute to poorer patient-reported and functionally measured
outcomes in hand OA.

We found that higher symptomatic joint site count was associated
with worse thumb symptom and disability scores and lower grip strength.
For example, for every unit increase in non-hand symptomatic joint site
count, thumb-specific pain intensity increased by 2.54 units. Given that
nearly half our sample reported four or more symptomatic joint sites, this
means that average thumb pain intensity scores for this group, relative to
those with no other symptomatic joint sites, are 10 units greater,
adjusting for all other factors. A similar impact can be appreciated for the
other patient-reported outcomes, with per-unit joint count increases
associated with 2.1–3.3 unit increases (worsening) in outcome scores
(Table 4). In a similar way, for the nearly half of the sample with 4þ non-
hand symptomatic joint sites, average grip strength was 3 kg lower
compared to those without other symptomatic joint sites. This suggests
that the presence of total body symptomatic joint involvement in hand
OA studies, and likely any OA studies focused on an index joint, should
not be ignored. Their presence not only has implications for the inter-
pretation of thumb- and hand-specific outcome scores, and potentially for
their monitoring over time to assess treatment effectiveness, but likely
also for the design of trials for thumb or hand OA interventions and
associated patient selection.

Reviews have suggested that central pain sensitization, a phenome-
non characterized by increased neural signaling in the central nervous
system, contributes to chronic OA pain [43,44]. Continuous nociceptive
input from a joint may drive central sensitization in OA, and this can be
associated with negative outcomes, including high pain levels, disability
and poorer health-related quality-of-life [45–47]. Interestingly, Power
et al. reported worse painDETECT scores (a questionnaire-based measure
of neuropathic-like pain/symptoms) with a greater number of total body
symptomatic joints in a sample of individuals with hip and knee OA [48].
While there is variability in the reported association between
neuropathic-like symptoms and sensitization as measured with quanti-
tative sensory testing in OA [49–53], it is possible that the greater the
number of symptomatic sites (i.e. the greater and continuous the noci-
ceptive input), the greater the possibility of development of central
sensitization over time [49,54,55], with possible consequent effects on
measures of pain, and function, in hand OA.

We found worse radiographic severity of thumb-base OA to be asso-
ciated with worse thumb-base pain intensity scores as well as with
reduced grip strength. These findings are consistent with recent work by
Haugen et al. in the Nor-Hand study [56]. However, while they also re-
ported an association between grip strength and symptomatic MCP joints
on the same hand, we did not find a similar association. As the authors
only adjusted for age, sex and BMI in their models, it may be that our
inclusion of several additional factors in the regression model may have
rendered this association null. In our descriptive analyses, the presence of
symptomatic finger DIP, PIP and MCP joints were each associated with a
greater number of symptomatic non-hand joint sites; this was also the
case when considered globally (i.e. the presence of any of these). How-
ever, in the fully adjusted analyses, only the presence of symptomatic DIP
joints was significantly associated with a greater number of symptomatic
non-hand joint sites. This might explain the discrepancy between the
current findings and those reported by Haugen et al.

Hand OA, it is suggested, comprises three phenotypes with possibly
distinct risk factors and pathogenesis; thumb-base OA, erosive OA, and
nodal or interphalangeal OA [4]. Even so, these phenotypes often can
overlap in the same individual [10,15,16]. Deveza et al. reported that
individuals with isolated involvement of the CMC-1 joint had less severe
impairment in hand function and strength, and these individuals consid-
ered themselves less affected overall by their thumb-base OA compared to
those with concomitant symptomatic IP joints and radiographic erosions
[17]. The authors note that the co-occurrence of symptomatic IP joints and
6

erosive OA may be important factors for consideration in thumb-base OA
trials with respect to patient stratification. We concur with Deveza et al.,
and additionally suggest that total body symptomatic joints, hand and
non-hand, require careful consideration in hand OA in our attempts to
document and understand its burden, in research and in the clinic.

This study is not without limitations. We did not have data on the
severity of OA at other symptomatic finger or other joint sites, nor the
constancy or duration of individual joint symptoms to allow for addi-
tional discrimination from symptomatic joint count alone. In addition,
patients were only asked about symptoms persisting for most days for at
least a month. Symptoms can be intermittent and mild for some, and
more severe and constant for others. This was not considered, however,
and may have resulted in an underestimate of affected joints. While
different joints likely contribute to overall multijoint burden to varying
degrees depending on the outcome of interest [20], we equally weighted
the joint sites in the current study, an approach that does make as-
sumptions but is consistent with work from others [18,19,21,22]. This
study was based on a clinical cohort from a single site, which may limit
generalizability. However, the current sample shares similar patient and
health profiles as has been reported for other thumb-base OA samples
cited above. Generalizability may also be limited by the fact that patients
were from secondary care and may have more pain and worse disease
severity than patients seeking primary care. Even so, patient-reported
outcome scores in the current sample showed variability around mean
scores which generally resided in the middle of their respective scales,
and the sample was nearly evenly divided by thirds with respect to
radiographic findings indicating Stage 2, 3, and 4 severity. We did not
consider the contralateral hand in the study. Given that a symptomatic
joint site was defined as either or both, it would not have made a dif-
ference given that by definition hand (thumb) OA was included. How-
ever, we did not explore differences, if any, by laterality. Finally, due to
our cross-sectional design, causal directionality cannot be suggested.

Thumb-base OA can cause significant symptoms, functional limita-
tions, reduced quality of life, and can impact independence, self-care, and
social and leisure activities. Our work supports that symptomatic non-
hand joints are not only common in thumb-base OA but also influence
thumb- and hand-specific outcomes. The burden of OA, even when the
interest may be with a specific joint, cannot be appreciated with an
exclusive single joint focus, and our work suggests thumb-base OA is no
exception. Our findings may have implications for the design of future
hand OA studies, as well as clinical care and the assessment of treatment
success. Simply, it appears the presence of other symptomatic joints
cannot be ignored. Knowledge of whole body OA burden may be
important for self-management approaches, the process of decision-
making and evaluation in medical and surgical care, and informing pa-
tient expectations.
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