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RESEARCH PAPER

Psychological factors are more strongly associated with pain than radiographic
severity in non-invasively treated first carpometacarpal osteoarthritis

Lisa Hoogendama,b,c, Mark J. W. van der Oesta,b,c , Jonathan Tsehaiea,b,c , Robbert M. Woutersa,b,d ,
Guus M. Vermeulenc, Harm P. Slijperc , Ruud W. Sellesa,b and Jarry T. Porsiusa,b,c; and
The Hand-Wrist Study Group
aDepartment of Plastic, Reconstructive and Hand Surgery, Erasmus MC, Rotterdam, The Netherlands; bDepartment of Rehabilitation Medicine,
Erasmus MC, Rotterdam, The Netherlands; cHand and Wrist Center, Xpert Clinic, Rotterdam, The Netherlands; dCenter for Hand Therapy,
Handtherapie Nederland, Utrecht, The Netherlands

ABSTRACT
Background: The aim of this study was to investigate to what extent psychological factors are related to
pain levels prior to non-invasive treatment in patients with osteoarthritis of the first carpometacar-
pal joint.
Methods: We included patients (n¼ 255) at the start of non-invasive treatment for osteoarthritis of the
first carpometacarpal joint who completed the Michigan Hand Outcome Questionnaire. Psychological dis-
tress, pain catastrophizing behavior and illness perception was measured. X-rays were scored on presence
of scaphotrapeziotrapezoid osteoarthritis. We used hierarchical linear regression analysis to determine to
what extent pain levels could be explained by patient characteristics, X-ray scores, and psycho-
logical factors.
Results: Patient characteristics and X-ray scores accounted for only 6% of the variation in pre-treatment
pain levels. After adding the psychological factors to our model, 47% of the variance could be explained.
Conclusions: Our results show that psychological factors are more strongly related to pain levels prior to
non-invasive treatment in patients with osteoarthritis of the first carpometacarpal joint than patient char-
acteristics and X-ray scores, which implies the important role of these factors in the reporting of symp-
toms. More research is needed to determine whether psychological factors will also affect treatment
outcomes for patients treated non-invasively for osteoarthritis of the first carpometacarpal joint.

� IMPLICATIONS FOR REHABILITATION
� Pain is the most important complaint for patients with osteoarthritis of the first carpometacar-

pal joint.
� Psychological factors are strongly associated with pain levels prior to treatment.
� Pain catastrophizing behavior appears to be a promising target for complementary treatment in

patients with osteoarthritis of the first carpometacarpal joint.
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Introduction

Osteoarthritis of the first carpometacarpal joint (CMC-1 OA) is a
degenerative disease that causes pain and loss of function [1].
Patients are initially treated non-invasively [2] with hand therapy,
occupational therapy, an orthosis, or a combination of treatment
modalities [3]. Non-invasive treatment is an effective treatment
that may prevent the need for surgical treatment [4] and reduces
pain in a selection of patients [5].

At the start of the treatment, considerable variation in pain
levels between patients is seen [5]. However, traditional patient
and disease attributes, e.g., age, grip strength, and X-ray scores,
only explain a small amount of the variation in reported pain and
disability, which suggests other factors are at play [6,7]. It is cur-
rently unclear which factors are associated with pain for CMC-1
OA patients.

Several studies on surgical treatment of OA, including total
knee or hip replacement [8–11] and surgery for CMC-1 OA [12,13]
found that psychological factors (e.g., depression, pain catastroph-
izing behavior, and illness perception) are associated with worse
patient reported outcomes, both before and after treatment.
Moreover, recent studies suggested that interventions improving
catastrophizing behavior [14] and negative illness perception [15]
have a beneficial effect on OA symptoms.

Although there is evidence for the association between psy-
chological factors and symptom severity in knee and hip OA, little
is known regarding this association for patients treated non-inva-
sively for CMC-1 OA [16,17]. In particular, the association between
psychological factors and pain, which is the primary complaint of
CMC-1 OA patients [18], is currently unknown. Moreover, while ill-
ness perceptions have been shown to be important factors in
other conditions, like knee OA, no studies have investigated to
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what extent illness perceptions are associated with pain in this
patient population [11]. Therefore, the aim of this study is to
investigate to what extent psychological distress, pain catastroph-
izing behavior and illness perceptions are associated with pain
levels prior to non-invasive treatment in CMC-1 OA patients.

Methods

Setting and study population

This cross-sectional study was performed at Xpert Clinic in The
Netherlands. Xpert Clinic is a specialized private treatment center for
hand and wrist conditions. Xpert Clinic has 20 different locations, with
20 European Board certified (Federation of European Societies for
Surgery of the Hand) hand surgeons and over 150 hand therapists.

All patients who received non-invasive treatment, consisting of
orthosis and/or hand therapy, for CMC-1 OA at Xpert Clinic
between September 2017 and July 2018 were invited to complete
several questionnaires as part of routine clinical care to measure
symptom severity, psychological status, understanding of disease
and quality of life prior to treatment. These questionnaires were e-
mailed after the first consultation and before non-invasive treat-
ment started. Three reminders were e-mailed to non-responders.
Furthermore, baseline demographics, including age, sex, hand dom-
inance and occupational intensity were collected. Occupational
intensity was classified by the hand therapist in one of the follow-
ing categories: not employed, light occupational intensity (e.g.,
working in an office), moderate occupational intensity (e.g., work-
ing in a shop) or severe occupational intensity (e.g., construction
work). All patients provided written informed consent.

Michigan hand outcomes questionnaire

The Michigan Hand Outcomes Questionnaire (MHQ) [19] is a
patient reported outcome measure with six domains (pain, aes-
thetics, hand function, performance of activities of daily living,
work performance, and satisfaction) with good validity, reliability,
and responsiveness in CMC-1 OA patients [20]. Scores range
from 0 to 100 (0¼poorest function, 100¼ ideal function). In the
present study, the pain scores were reversed (0¼no pain,
100¼ extreme pain).

The MHQ pain subscale was used as primary outcome meas-
ure, because pain is the primary complaint and the main reason
to seek treatment for CMC-1 OA patients [18]. To also see if there
is an association between psychological effects and patient
reported hand performance, we used the total MHQ score as sec-
ondary outcome measure.

Patient Health Questionnaire-4

The Patient Health Questionnaire-4 (PHQ) [21] is a generic depres-
sion- and anxiety-screening tool and was used to measure psy-
chological distress. This questionnaire is a combination of two
brief screening tools (Patient Health Questionnaire-2 and
Generalized Anxiety Disorder-2). The PHQ contains two domains
(anxiety and depression) with two questions each. The total score
ranges from 0 to 12 (0¼ no indication for psychological distress;
12¼ strong indication for psychological distress). It has a good
reliability and validity in the general population [22].

Pain Catastrophizing Scale

The Pain Catastrophizing Scale (PCS) [23] was used to assess cata-
strophizing behavior in response to pain. This questionnaire

consists of 13 questions and 3 domains (helplessness, magnifica-
tion, and rumination). It has been demonstrated to have good val-
idity, reliability and responsiveness in patients with pain related
problems [24,25]. The total score ranges from 0–52 (0¼ no cata-
strophizing behavior; 52¼ severe catastrophizing behavior).

Brief Illness Perception Questionnaire

The Brief Illness Perception Questionnaires (B-IPQ) [26] was used
to assess the patients’ perceptions of illness. This questionnaire is
a short version of the Revised Illness perception Questionnaire
[27]. In the B-IPQ, each subscale of the Revised Illness perception
Questionnaire is summarized by one question. Five questions
assess cognitive illness representation, two questions assess emo-
tional representations, one question assesses understanding of
disease and in the final question patients are asked to list the fac-
tors they believe to have caused their illness. This last question
was not part of our questionnaire. Reliability and validity have
been demonstrated for multiple conditions, including low back
pain, cardiovascular disease, and chronic obstructive pulmonary
disease [28–31].

CMC-1 joint X-rays

The patients’ records were searched for X-rays of the first carpome-
tacarpal joint. If multiple X-rays were present, we selected the X-ray
in which both the CMC-1 joint and the scaphotrapeziotrapezoid
joint (STT) were most clearly visible. The Eaton-Glickel classification
[32] ranges from stage I to stage IV. Stage III is defined as excessive
CMC-1 degeneration and subluxation. Stage IV is defined as stage
III with additional presence of STT OA. According to this classifica-
tion, presence of STT OA indicates the most advanced stage of
structural damage. Therefore, we used this feature as indication of
radiographic severity of disease. The first 100 X-rays were inde-
pendently scored by both a European Board-certified hand surgeon
(G. V.) and a junior scientist (L.H.). The Intraclass Correlation
Coefficient was 0.58 (95% CI 0.49–0.65). This is in agreement with
the study by Dela Rosa et al. [33], who reported fair to moderate
inter-observer agreement for the Eaton-Glickel classification, with
similar agreement rates for stage I, III and IV. The scores of the jun-
ior scientist were used for all patients. Patients without an X-ray of
the CMC-1 joint were excluded.

Statistical analyses

A complete case analysis was performed with patients who com-
pleted all previously mentioned questionnaires. To see whether
patients with missing data differed from patients with complete
data, two non-responder analyses were performed; both for
patients who completed the MHQ, but did not complete the psy-
chological questionnaires and for patients who completed all
questionnaires, but without X-ray of the CMC-1 joint. For these
analyses, T-tests were used for normally distributed continuous
data and Mann–Whitney–Wilcoxon tests were used for continuous
data that was not normally distributed. Chi square statistics were
used for categorical data. We calculated Pearson correlation coef-
ficients to determine to what extent the psychological variables
were correlated.

Data were analyzed using hierarchical linear regression analy-
ses with baseline MHQ-pain levels as a dependent variable. In the
first step of the analysis, age, sex, and occupational intensity were
entered into the model. The presence of STT OA was added in
the second step of analysis. In the third step, we entered the total

1898 L. HOOGENDAM ET AL.



PHQ score, as well as the total PCS score. In the fourth step, all
B-IPQ subscales were added in order to determine the effect of ill-
ness perceptions on pain, after correcting for psychological dis-
tress and pain catastrophizing behavior.

For all variables, the regression coefficients (B) are reported,
which represents the increase in the dependent variable for one
unit increase in the independent variable, when all other variables
remain constant. In order to compare the relative contribution of
each explanatory variable on the outcome, the standardized
regression coefficients (b) are also reported. Standardized regres-
sion coefficients allow for comparison of the strength of associa-
tions when the independent variables were measured on different
scales. For all models, both the multiple explained variance (R2)
and the explained variance adjusted for number of variables in
the model (adjusted R2) is calculated.

All analyses were performed using R statistical computing, ver-
sion 3.4.1. For all tests, a p-value smaller than 0.05 was considered
statistically significant.

Results

Non-responder analysis

We identified 475 patients at the start of non-invasive treatment
for CMC-1 OA who had completed the MHQ. 5.2% of these
patients did not complete all psychological questionnaires. Of the
patients who completed all questionnaires, 40.4% did not have an
X-ray of the CMC-1 joint. Supplemental Tables 1 and 2 show
demographic characteristics and MHQ scores for responders and
non-responders, indicating no significant differences in any
patient characteristic or MHQ-pain scores between responders
and non-responders.

Patient characteristics

Two hundred and fifty-five patients were included in the analysis
(Figure 1). Their mean age was 60± 8 years (mean± SD) and 75%
of the patients were female. The mean MHQ-pain score was
52.9 ± 17.3 and the mean total MHQ score was 59.7 ± 15.2. Table 1
shows baseline characteristics for all included patients.
Correlations between the psychological factors ranged from �0.24
to 0.60 (Supplemental Table 3), which can be interpreted as weak
to moderate correlations [34].

Hierarchical linear regression

Table 2 shows the outcomes of the hierarchical regression ana-
lysis. In models 1 and 2, female sex was statistically significantly
associated with higher MHQ-pain scores. However, after adding

psychological distress and catastrophizing behavior to the model,
sex was no longer statistically significantly related to pain, while
higher PHQ and PCS scores were statistically significantly associ-
ated with higher MHQ-pain scores. After adding the B-IPQ sub-
scales to the model, B-IPQ subscales ‘consequences’ and ‘identity’
were, in addition to PHQ score and PCS score, also statistically sig-
nificantly associated with pain. Figure 2 shows the increase in
explained variance per model. Models 1 and 2 had an explained
variance of 5% and 6%, respectively. After adding psychological
distress and catastrophizing behavior, the explained variance
increased to 35%, and after adding illness perceptions, the
explained variance increased to 47%. In this model, more psycho-
logical distress (PHQ score, B¼ 0.79), more pain catastrophizing
behavior (PCS score, B¼ 0.46), experiencing more consequences
(B-IPQ ‘consequences’, B¼ 1.36) and more symptoms (B-IPQ
‘identity’, B¼ 1.11) were statistically significantly associated with
higher MHQ-pain scores. Of all significant variables in the final
model, total PCS score had the largest standardized regression
coefficient (b¼ 0.27) in this model, indicating that pain cata-
strophizing behavior has the largest independent effect on pre-
treatment pain of all variables investigated in this study.

We found similar associations in the hierarchical linear regres-
sion analysis on total MHQ score. Further details are reported in
Supplemental Table 4.

Discussion

The aim of this study was to investigate to what extent psycho-
logical factors are related to pre-treatment pain levels in patients
receiving non-invasive treatment for CMC-1 OA. After controlling
for patient characteristics and radiographic severity of OA,
we found that higher psychological distress, more pain cata-
strophizing behavior and experiencing more consequences and
symptoms from the illness were independently associated with

Figure 1. Flowchart.

Table 1. Baseline characteristics of the patients included for analysis.

Baseline characteristics Total (n¼ 255)

Age in years 59.8 (7.8)
Sex (%)

Female 74.9%
Hand dominance (%)

Right 91.4%
Left 6.3%
Both 2.4%

Laterality of the affected hand (%)
Right 47.8%
Left 50.2%
Both 2.0%

Dominant hand affected (%) 51.8%
Duration of symptoms in months (median, interquartile range) 12 (6–24)
Occupational intensity (%)

Not employed 40.0%
Light 21.6%
Moderate 27.5%
Severe 11.0%

STT OA present (%) 13.3%
PHQ score 1.6 (2.6)
PCS score 12.2 (10.0)
B-IPQ Consequences 6.4 (2.3)
B-IPQ Timeline 7.8 (2.3)
B-IPQ Personal control 5.3 (2.3)
B-IPQ Treatment control 6.8 (1.8)
B-IPQ Identity 6.1 (2.5)
B-IPQ Concern 6.1 (2.7)
B-IPQ Understanding 8.4 (2.0)
B-IPQ Emotional response 4.3 (2.8)
MHQ-pain 52.9 (17.3)

In Table 1, values are reported as mean (SD) unless otherwise stated.
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higher pre-treatment pain levels. Pain catastrophizing behavior
has the strongest association with pre-treatment pain. Patient
characteristics and radiographic severity of the disease had no
additive predictive value for pre-treatment pain.

Several previous studies focused on the association between
X-ray scores and pain in patients with CMC-1 OA. However, differ-
ent methods are available to score X-rays [35] and the available
literature is conflicting [6,7,36–39]. Several radiographic OA fea-
tures including erosions and sclerosis have been linked to pain
levels [36,39], while Dahaghin et al. [7] in a large population study
(n¼ 3906) reported that radiographic OA was poorly correlated
with pain. In our study, we found that the presence of STT OA
could only explain a limited amount of variance in pain scores.
Possibly, other radiographic OA features have a stronger associ-
ation with pain and would, therefore, be more informative.
However, as the presence of STT OA is a clear indication of
advanced CMC-1 OA in the Eaton-Glickel classification [32], we
expected a stronger association between presence of STT OA and
pain in CMC-1 OA patients. While X-rays may still have an import-
ant role in clinical practice, our study indicates that their value for
understanding pain scores is limited.

To our knowledge, this is the first study that assessed pre-
treatment pain in CMC-1 OA patients that included both

radiographic severity and psychological factors in the analysis.
Murphy et al. [40] performed a similar study for women with knee
OA. They found that fatigue, sleep quality and depression
explained additional variance in pain severity after correcting for
age and X-ray scores. This is in line with our findings that psycho-
logical factors explained additional variance in pre-treatment pain.
However, in our study we found that psychological factors
explained an additional variance of 40% compared to 10% in
Murphy et al., which may be explained by use of different defini-
tions of psychological variables in both studies.

Becker et al. [17] reported that symptom severity could largely
be explained by whether or not the patients sought treatment for
his symptoms and by pain catastrophizing behavior. This is in
agreement with our finding that pain catastrophizing behavior
has the strongest association with pre-treatment pain of all varia-
bles included in our study.

While no studies reported the association between pain and
illness perceptions for patients with CMC-1 OA, Hill et al. [41]
found that higher pain levels were associated with reporting
more frustration, experiencing more consequences and expecting
a chronic timeline in people with musculoskeletal hand problems.

The strength of this study is the large population where we
combined psychological distress, pain catastrophizing as well as
illness perceptions in explaining pre-treatment pain in non-inva-
sively treated CMC-1 OA. Moreover, we included the presence of
STT OA in our analyses as a measure for structural damage to the
CMC-1 joint. To our knowledge, this is the first study that com-
bined psychological factors and radiographic severity of disease
to explain pre-treatment pain levels of CMC-1 OA patients.

Study limitations

A limitation of our study is the quality of the X-rays that we used
to score presence of STT OA. These X-rays were taken as part of
daily clinical practice and, therefore, not taken in a standardized

Table 2. Beta coefficients and explained variance (R2) for hierarchical linear regression models explaining pre-treatment pain levels.

Model 1
(patient characteristics)

Model 2
(Model 1þ presence of

STT OA)

Model 3
(Model 2þ psychological

distress and pain
catastrophizing)

Model 4
(Model 3 þ

illness perception) Univariable models

Explanatory variables B b B b B b B b B b

Age �0.09 �0.04 �0.08 �0.03 �0.003 �0.001 �0.01 �0.005 �0.15 �0.07
Sex, male �8.48��� �0.49��� �8.36�� �0.48�� �5.13� �0.30� �3.25 �0.19 �8.18 �0.47
Physical activity at work

(ref¼ no work)
Light �1.85 �0.11 �1.94 �0.11 0.38 0.02 1.68 0.10 0.08 0.005
Moderate �2.09 �0.12 �2.14 �0.12 �1.54 �0.09 �1.95 �0.11 �0.29 �0.02
Severe 3.05 0.18 4.03 0.23 2.52 0.15 1.29 0.07 3.07 0.18
STT OA, present �4.87 �0.28 �3.62 �0.21 �2.55 �0.15 �4.56 �0.26
PHQ score 1.10� 0.16� 0.79� 0.12� 2.91 0.43
PCS score 0.75��� 0.44��� 0.46��� 0.27��� 0.94 0.55
B-IPQ Consequences 1.36�� 0.19�� 3.84 0.52
B-IPQ Timeline �0.76 �0.10 0.69 0.09
B-IPQ Personal control �0.56 �0.08 �1.29 �0.17
B� IPQ Treatment control 0.30 0.03 �0.52 �0.05
B-IPQ Identity 1.11�� 0.16�� 2.88 0.41
B-IPQ Concern 0.40 0.06 3.03 0.47
B-IPQ Understanding 0.25 0.03 0.33 0.04
B-IPQ Emotional response 0.72 0.12 3.12 0.51
Multiple R2 0.051 0.060 0.346 0.474
Adjusted R2 0.032 0.037 0.325 0.439 _

In each additional model, more variables potentially explaining pre-treatment pain levels are included. Both the unstandardized (B) and standardized (b) regression
coefficients are reported.�p� 0.05.��p� 0.01.���p� 0.001.

Figure 2. Increase in explained variance (increase in multiple R2) of pre-treat-
ment MHQ-pain per step in the hierarchical linear regression model.
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way, making it difficult to score all radiographic OA features. For
that reason, we only scored presence of STT OA, because pres-
ence of STT OA is an indication that radiologically the disease has
reached an advanced stage [32]. Still our study clearly demon-
strates that the presence of STT OA, on X-rays taken as part of
routine care, is not related to pre-treatment pain, whereas
psychological factors show a strong association with pre-
treatment pain.

In addition, it is not possible to draw any causal implications
from our research findings due to the cross-sectional design of
our study. While our study demonstrates a strong association
between pre-treatment pain levels and psychological factors,
more research is needed to determine the direction of this
association.

Future research

Based on the strong association between pre-treatment pain and
treatment outcomes in our study and in previous studies
[17,23,31], the question arises whether psychological factors will
affect treatment outcomes and consequently, whether treatment
results will improve when patients receive psychological support
in addition to usual care. A large prospective study may provide
valuable knowledge of the longitudinal association between psy-
chological factors and pain and can be used to answer the
research questions of interest.

Moreover, future studies have to demonstrate what type of
psychological intervention would improve pain levels most in
non-invasively treated CMC-1 OA patients, while also being feas-
ible to offer in addition to usual care. This study suggests that
pain catastrophizing behavior is the most important factor to tar-
get with a psychological intervention, but psychological distress
and/or negative illness perceptions may be relevant targets for
intervention as well.

In conclusion, the present study demonstrates that patient
characteristics and X-rays have limited value for understanding
pain in patients with CMC-1 OA. In contrast, we found a strong
association between psychological factors and pain levels prior to
non-invasive treatment. Clinicians should be aware of the strong
relation between pain and psychological factors and should look
beyond X-ray scores to judge pain intensity in patients with
CMC-1 OA.
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