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s u m m a r y

Introduction: Osteoarthritis (OA) affects millions of people worldwide. In hand OA, the thumb base is the
most affected single joint. The reported radiographic prevalence ranges from 0 to 100%, making the true
radiographic prevalence unclear. Hence, we conducted a meta-analysis on the age and sex-specific
prevalence of radiographic thumb base OA.
Methods: We performed a search in Embase, Medline Ovid, Web of Science Core Collection, Cochrane
Central Register of Trials, and Google Scholar. We included studies of the general population that re-
ported thumb base OA for males and females separately based on a hand radiograph and reported the
age of these groups. Using meta-regression, we estimated the odds ratio (OR) of having radiographic
thumb base OA for age and sex, while adjusting for within-study correlation.
Results: The initial search yielded 4,278 articles; we finally included 16 studies that reported the age- and
sex-stratified prevalence. Taken together, there were 104 age and gender specific-prevalence rates that
could be derived from the 16 studies. The prevalence of radiographic OA for the 50-year-old male and
female participants was 5.8% and 7.3%, respectively, while the respective prevalence for 80-year-old male
and female participants was 33.1% and 39.0%. We found an OR for having radiographic OA of 1.06 (95%CI
[1.055e1.065], p < 0.001) per increasing year of age, and 1.30 (95%CI: 1.05e1.61], p ¼ 0.014) for females.
Conclusion: In the general population, radiographic thumb base OA is more prevalent in females and is
strongly associated with age.

© 2021 The Author(s). Published by Elsevier Ltd on behalf of Osteoarthritis Research Society
International. This is an open access article under the CC BY license (http://creativecommons.org/

licenses/by/4.0/).
Introduction

Osteoarthritis (OA) is the second-most common musculoskel-
etal disorder, leading to pain and functional limitations with a high
social and economic burden1,2. OA can affect every joint in the body,
but it is most common in the knee, hip, spine, and hand3. Within
the hand, the thumb base is the most affected single joint4. Risk
factors for developing thumb base OA are considered to be radial
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subluxation, white ethnic groups, increased bodymass index (BMI),
and EhlerseDanlos syndrome5e8. However, the most well-known
risk factors are age and female sex9,10.

There is a large variation in the reported prevalence of radio-
graphic thumb base OA, varying from 0% to 100%4,9,11,12. Although
age differences in study populations can often explain these dif-
ferences, age-standardized prevalences also differ. For example,
Haugen et al. found an age-standardized prevalence of 9.9% and
3.3% for female and male participants, respectively, with a 9-year
incidence of 17% and 21% for male and female participants,
respectively9. Becker et al. reported that, eventually, all people
seem to get thumb base OA12.
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Female sex has been an undisputed risk factor for the devel-
opment of thumb base OA. Kessler et al. showed an association
between female sex and radiographic thumb base OA (OR ¼ 1.8,
95%CI: 1.2e2.7) independent of age13, and other studies have
confirmed this association14,15. However, as with age, the reported
magnitude of this association varies from very small to large,
making it difficult to conclusively state the influence of female sex
on thumb base OA11,14.

One study pooled all the results of reported prevalences of hand
OA3. However, this study neither specified the type of hand OA nor
adjusted for the effect of age. To the best of our knowledge, no study
thus far has pooled all the prevalence data on radiographically
confirmed thumb base OA in the general population.

Therefore, we conducted a systematic review and meta-analysis
to assess the radiographic prevalence of thumb base OA in the
general population. As it is already known that age and sex play an
important role, we specifically aimed to examine the effect of age
and sex on the prevalence of thumb base OA. The results of this
review could provide clinicians with a better reference to know
how common abnormal radiographic findings are, given a patient's
age and sex.

Methods

Study search

Together with an experiencedmedical librarian, we performed a
search on April 2, 2020, according to the Preferred Reporting Items
for Systematic reviews andMeta-Analyses (PRISMA) statement. We
employed the exhaustive search method (ESM)16 to create search
strings. The search strings used to search in Embase, Medline Ovid,
Web of Science Core Collection, Cochrane Central Register of Trials,
and Google Scholar are listed in appendix 1. We included an addi-
tional search that was used for previously unpublished work. The
protocol for this search, systematic review and meta-analysis is
registered in the Prospero database (CRD42019122213).

Study selection

Any study that reported radiographic prevalence of thumb base
OA, separate for males and females, in at least one hand was
included. Only studies of the general population and those written
in English were included (Table I). Further, if studies reported the
same cohort of participants, only the one with the largest sample
was included. We excluded studies that described the prevalence of
thumb base OA in a population selected based on the presence of
specific morbidity that is hypothesized to significantly influence
the prevalence of radiographic thumb base OA (e.g., patients pre-
senting with a distal radius fracture or thumb pain). These studies
would likely overestimate the prevalence of radiographic thumb
base OA, because they do not represent the general population. The
Inclusion

The study reports on the general population, irrespective of geographic origin of the
Radiographic prevalence for males and females
Written in English

Table I Inclusion and exclusion criteria
type of radiograph (e.g., Anterior posterior or Bett's view) was not
an exclusion criterion.

Two independent reviewers (MO and LD) initially screened all
titles and abstracts for inclusion. Any disagreement was resolved by
discussion; if still in doubt, the full texts of articles were reviewed.
Of the remaining studies, the full text was assessed independently
by both reviewers. Any disagreements were settled by a third
reviewer after the assessment of the full text. We assessed the risk
of bias and quality of non-randomized studies using the
NewcastleeOttawa scale (NOS)17.

Data extraction

Both reviewers independently collected data from all studies
that met the inclusion criteria. We collected data on the study type,
country of origin, and date of publication. Furthermore, we
collected the reported prevalence or calculated the prevalence
based on the reported cases relative to the study size. When
possible, we collected data stratified by age and sex. If the mean age
was not reported, we assumed the mean age to be the subgroup's
median. For example, Haara et al.14 report on a subgroup between
30 and 45 years of age and we assume the average age in this group
to be 37.5. Thumb base OA was defined as KellgreneLawrence18

stage 2 or higher in the carpometacarpal joint of the thumb or
similar (e.g., Eaton-Glickel). Participants with isolated arthritis of
the scaphotrapeziotrapezoidal joint were not included in the
analysis.

Statistical analysis

To estimate the effect of age and sex on the proportion of
radiographic thumb base OA, we performed a meta-regression. For
this analysis, we used a log-transformed proportion of radiographic
thumb base OA. For age and sex, we estimated the odds ratios (OR)
of having radiographic OA. We adjusted for within-study correla-
tion on both study level and sex level, assuming a multilevel
random-effects meta-regression model. We used a random-effect
model with a restricted maximum-likelihood estimator due to the
considerable heterogeneity between studies. In the basic model, we
used a generalized/weighted least-squares extension of Cochran's
Q-test, which tests whether the variability in the observed effect
sizes or outcomes is larger than one would expect based on sam-
pling variability19. Additionally, we used a Q_E-test for residual
heterogeneity, which tests whether the variability in the observed
effect sizes or outcomes not accounted for by the moderators (age
and sex) included in the model is larger than expected based on
sampling variability alone.

The same model was estimated using a multilevel logistic
mixed-effects model to visualize the effect of age and sex. All an-
alyses were performed using the R project for statistical computing
(version 3.6.0) and specifically the lme4 version 1.1-2620 and
Exclusion

study. Specific patients population (e.g., pain in the hand/thumb)
Reported on the same cohort as an already included study.
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metafor version 2.4-019 packages. A p-value <0.05 was considered
to indicate statistical significance.

Results

The initial search yielded 4,278 articles. After screening the title
and abstract, we included 288 articles for full-text review. Of these,
16 studies were included in the final analysis (Fig. 1). Table II de-
scribes the included studies. These studies report the radiographic
prevalence of thumb base OA in 29,802 participants. The pooled
mean age of participants was 59 years (range: 20e99 years). Taken
together, there were 104 age and gender specific-prevalence rates
that could be derived from the 16 studies (Supplementary Table 2).
There was significant heterogeneity between these studies (Q
(df ¼ 103) ¼ 2,504, p < .001).

The overall risk of bias was very low, with a score of 8 for all
studies (Table II). In some studies, the assessment of radiographs
was either not blinded or well protocoled, but this did not affect
Fig. 1 Flow chart displaying when and why studies were exclude
the overall risk of bias score. All studies used either a
KellgreneLawrence stage 2 to describe the presence of thumb base
OA. Some studies sampled a specific part of the general population
(e.g., bank tellers)21, but this did not affect the risk of bias score on
the NOS (Table III).

Figure 2 shows the pooled radiographic thumb base OA and the
effect of age and sex. At age 50, the pooled radiographic prevalence
of thumb base OA was 5.8% for males and 7.3% for females; at age
80, the respective pooled prevalence for males and females was
33.1% and 39%.

The meta-analysis indicated that the prevalence of OA was
associated with both age and sex (QM(df ¼ 2) ¼ 551, p < .0001),
where QM is the test statistic of the omnibus test of moderators.
Females had a 1.30 (95% CI 1.05e1.61) higher odds of radiographic
thumb base osteoarthritis than males, indicating that females had
30% higher odds of having radiographic thumb base OA than males
of the same age. Additionally, for each year increase in age, the odds
increased by 1.06 (95% CI: 1.055e1.065), indicating that participants
d. Osteoarthritis
andCartilage



Name Year of Publication Age range Country Total participants Grading system

Al-Arfaj11 2002 >20 Saudi-Arabia 300 Kellgen Lawrence, �2
Bagge35 1992 67e72 Sweden 180 Kellgen Lawrence, �2
Cho36 2015 65e91 South-Korea 696 Kellgen Lawrence, �2
Cvijetic37 2004 54e56 Croatia 286 Kellgen Lawrence, �2
Dahaghin4 2004 >55 The Netherlands 3,906 Kellgen Lawrence, �2
Goekoop38 2011 >90 The Netherlands 82 Kellgen Lawrence, �2
Haara14 2003 >30 Finland 3,575 Kellgen Lawrence, >2
Haugen9 2011 >40 USA 2,301 Kellgen Lawrence, �2
Hirsch39 1996 >40 USA 695 Kellgen Lawrence, �2
Jonsson40 2009 69e92 Iceland 384 Kellgen Lawrence, �2
Nelson41 2011 >45 USA 2,083 Kellgen Lawrence, �2
Sonne-Holm10 2006 >45 Denmark 2,520 Kellgen Lawrence, �2
Van Saase15 1989 >20 The Netherlands 6,518 Kellgen Lawrence, �2
Verrijdt21 2017 52.9 (5.4)* Belgium 195 Kellgen Lawrence, �2
Wilder42 2006 >40 USA 3,327 Kellgen Lawrence, �2
Zhang43 2003 >60 China 2,507 Kellgen Lawrence, �2

* Mean (SD) age.

Table II Study characteristics Osteoarthritis
andCartilage

Name NOS Selection 1 Selection 2 Selection 3 Selection 4 Comparability outcome 1 outcome 2 outcome 3

Al-Arfaj11 8 A NA A A A B* A A
Bagge35 8 A NA A A B* B* A A
Cho36 8 A NA A A B* A A A
Cvijetic37 8 A NA A A A A A A
Dahaghin4 8 A NA A A B* B* A A
Goekoop38 8 A NA A A A A A A
Haara14 8 A NA A A B* B* A A
Haugen9 8 A NA A A A A A A
Hirsch39 8 A NA A A B* B* A A
Jonsson40 8 A NA A A B* A A A
Nelson41 8 A NA A A B* B* A A
Sonne-Holm10 8 A NA A A B* B* A A
Van Saase15 8 A NA A A A A A A
Verrijdt21 8 A NA A A B* B* A A
Wilder42 8 A NA A A B* B* A A
Zhang43 8 A NA A A A B* A A

* Despite imperfect scores, points for the total score are still awarded.

Table III
Newcastle-Ottawa Scale (NOS). The first column displays the total score. Other columns reflect the
scores to the specific questions of the NOS. Because no study contained a non-exposed group se-
lection question 2 cannot be answered
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have 6% higher odds of developing thumb base OA than the year
before. In this model with age and sex, there still is residual het-
erogeneity (QE (df ¼ 101) ¼ 2,247, pl < .0001).

Discussion

The results of our meta-analysis showed that in the general
population, radiographic thumb base OA is more prevalent in fe-
males and is associated with age. The radiographic prevalence of
thumb base OA in 50-year-old male and female participants was
5.8% and 7.3%, respectively and the respective prevalence in 80-
year-oldmale and female participants was 33.1% and 39%. This odds
of thumb base OA increased with 6% each year in both males and
females; overall, females have 30% higher odds of developing
radiographic thumb base OA than males.

Most studies showed a similar age trend for the prevalence of
radiographic thumb base OA. The reported incidence in studies
varied between 0% and 2.5% each year. The highest and lowest
prevalence were both reported by Al-Arfaj et al.11. Due to their low
sample size (between 1 and 37 in each group), the findingmay have
resulted from random variation. The study performed by Haara
et al.14 in Finland reported a lower yearly incidence (0e0.5%) than
the study by Haugen et al.9 in the USA (9-year incidence: 17.3%),
which may indicate a geographic effect of radiographic prevalence
of thumb base OA, either due to genetic or environmental
differences.



Fig. 2

Radiographic thumb base osteoarthritis (OA) prevalence stratified by age and sex. This figure displays the
prevalence for all subgroups identified in all included studies. The dots represent the mean age of the
subgroup and the ellipse in the corresponding color represents the standard deviation of age in the sub-
group. The size of the dots represents the number of participants in the subgroup. Both colored lines are
the fitted values of the mixed model for females (red) and males (blue), showing that radiographic preva-
lence of thumb base OA is associated with age and sex. The table below reports the prevalence for the
respective age and sex groups.
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Our meta-analysis showed that females had a higher prevalence
of radiographic thumb base OA than males. This is consistent with
reports of knee and hip OA. Several hypotheses for this have been
put forth. First, hormonal differences could influence the preva-
lence of radiographic thumb base OA. Some studies found that the
prevalence of OA was higher in females who underwent a hyster-
ectomy22 and lower in females who had hormone replacement
therapy23. However, a systematic review of 16 studies found no
clear association between hormonal aspects and OA24. Second,
occupation has been hypothesized to influence the prevalence of
thumb base OA. For example, Fontana et al.25 found that the
prevalence of thumb base OA was higher in participants who had
occupations with repetitive thumb use. By contrast, a study byWolf
et al.26 showed that performing heavy, manual labor is associated
with increased radiographic prevalence in males.

While this discrepancy between males and females is not sur-
prising, it is smaller than that reported in clinical studies that report
on patients who seek treatment for symptomatic thumb base OA.
We found that, in 50-year-old participants, the prevalence of
thumb base OAwas 26% higher in females thanmales (7.3% vs 5.8%),
but in 80-year-old participants, thumb base OA was 18% (39% vs
33.1%) more prevalent in females than males, which does not
correspond with reports from cohorts of patients that present with
symptomatic thumb base OA. For example, studies by Calfee27,
Tsehaie28, and Becker29reported that 72e75% of patients with
thumb OA undergoing treatment were females. All these studies
report on patients that have not undergone any prior treatment for
thumb base OA. This suggests that there may be sex-related factors
that cause patients to seek treatment for thumb base OA; below, we
will describe which factors could explain these differences.
Several factors are hypothesized to cause this discrepancy be-
tween the radiographic prevalence of thumb base OA and the
proportion of male and female patients treated for thumb base OA.
A nationwide Swedish registry study30 found that 5% of females
over 70 years old sought treatment for thumb base OA, while this
was only 1.8% for males. This factor-three difference betweenmales
and females is larger than the difference in radiographic prevalence
found in this review (24.1% for females of 70% and 19.8% for males).
Changes in bone morphology are reported in patients with thumb
base OA compared to patients without thumb base OA, but no
difference between male and female patients31. Thus, this may not
explain why males and females have a different presentation of
symptomatic thumb base OA to a doctor. Another hypothesis is that
psychosocial factors explain the difference between radiographic
and symptomatic prevalence. It is well known that females respond
differently to a pain stimulus than males32. One study found that
this difference could be explained by the difference in pain-related
anxiety33. This hypothesis is supported by an analysis by Hoo-
gendam et al.34 in CMC1 OA, who reported that psychosocial factors
are associated with pain, but not the radiographic severity. Study-
ing which factors determine if patients seek care for symptomatic
thumb base OA could provide clinicians with an opportunity to
simultaneously treat this underlying disease processes alongside
the changes in bone morphology. To estimate the prevalence of
symptomatic thumb base OA, future research could first determine
what constitutes symptomatic thumb base OA. Current literature
reports symptomatic thumb base OA, both as patients with radio-
graphic thumb base OA and hand pain4and as patients who are
treated for thumb base OA by a clinician30. When uniform defini-
tions are used, future research could determine which factors are



#use the date provided in supplementary table 2 as “LM_data”
#CMC_OA are all cases in the male and female columns
#At_risk are all participants in the column
#use the study from which the data originated in the name variable
#use the mean age provide and create a variable sex to designate male or

female participants/cases

library(metafor)
library(nlme)

dat <- escalc(measure¼ "PLO", xi¼ CMC_OA, ni¼ At_risk, data¼ LM_data)
res <- rma.mv(yi, vi, mods ¼ ~ Sex þ age,

random ¼ ~ 1 j name/Sex,
data ¼ dat, method ¼ "REML")

Res
#calculate OR
OR_dat <- as.data.frame(exp(res$beta))
OR_dat$ci.lb <- exp(res$ci.lb)
OR_dat$ci.ub <- exp(res$ci.ub)
OR_dat$pvalue <- round(res$pval, 3)
OR_dat
#mixed model for plotting data
fit <- glmer(cbind(CMC_OA, At_risk - CMC_OA) ~ Sex þ age þ

(1 j name/Sex),
control ¼ glmerControl(optimizer ¼ "bobyqa"),
data ¼ LM_data, family ¼ binomial)
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associated with symptomatic thumb base OA. This research might
also identify a third group of patients with symptoms who do not
seek treatment.

This study has some limitations. First, studies that reported a
larger subgroup with participants aged >75 years were scarce
(shown in Fig. 2). This is likely becausemost population studies that
investigate this elderly group are typically focused on cardiovas-
cular diseases or dementia. This could have influenced our results.
To test this hypothesis, we conducted a sensitivity analysis inwhich
we restricted either the upper age limit of the subgroups or the
lower limit of the subgroups in the analysis. This did not change the
general findings regarding age and sex, indicating that our con-
clusions hold true for participants aged >75 years. Second, for the
most optimal analysis of the effect of age, we would have preferred
to analyze the effect of age using participant-level data. However,
this is not possible in a meta-analysis; Different methods of
reporting the prevalence in age groups only allowed us to use the
average age in a subgroup for our analysis. Third, unfortunately,
many studies in the literature did not report data separately for
males and females and, therefore, had to be excluded. If we had
included these studies, we might have had a better estimate of the
overall prevalence of thumb base OA. However, our study found a
significant effect of sex on the prevalence of radiographic thumb
base OA. Thus, if we had included these studies without sex-specific
prevalence, we most likely would have introduced bias into the
analysis. In addition, several studies also did not report the preva-
lence for different age groups. However, based on the remaining
studies, we showed that the prevalence of thumb base OA is
dependent on age and sex. Fourth, while we show that age and sex
explain some of the heterogeneity between studies, there is still
substantial residual heterogeneity (Q ¼ 2,504 vs Q_E ¼ 2,247). This
shows that while we were able to estimate the prevalence of
radiographic thumb base OA for age and sex, other factors might
also influence this prevalence. For example, differences in setting
(e.g., rural vs urban), race, or comorbidities might also be associated
with the prevalence of thumb base OA. Since our PROSPERO pro-
tocol did not include these, we refrained from these analyses.
Future studies could examine if these factors explain more of the
residual heterogeneity. The final limitation is that our search was
limited to English papers only. Due to this limitation, wemight have
missed cohorts of which no report in English is available. However,
since most studies we included are conducted within large cohort
studies of the general population, it is unlikely that such a large
cohort would not be reported on in English.

In conclusion, our review shows that the prevalence of thumb
base OA is highly variable and dependent on age and sex. Future
studies may investigate additional factors that explain the differ-
ence between radiological and symptomatic thumb base OA.
Knowing which factors are associated with the progression from
radiological to symptomatic thumb base OA will allow doctors to
treat the underlying causes more effectively.
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Appendix. R code for analysis.

#use the date provided in supplementary table 2 as
“LM_data”
#CMC_OA are all cases in the male and female columns
#At_risk are all participants in the column
#use the study from which the data originated in the name

variable
#use the mean age provide and create a variable sex to desig-

nate male or female participants/cases
0.5
library(metafor)
library(nlme)
0.5
dat <- escalc(measure ¼ "PLO", xi ¼ CMC_OA, ni ¼ At_risk, data

¼ LM_data)
res <- rma.mv(yi, vi, mods ¼ ~ Sex þ age,
random ¼ ~ 1 j name/Sex,
data ¼ dat, method ¼ "REML")
Res
#calculate OR
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OR_dat <- as.data.frame(exp(res$beta))
OR_dat$ci.lb <- exp(res$ci.lb)
OR_dat$ci.ub <- exp(res$ci.ub)
OR_dat$pvalue <- round(res$pval, 3)
OR_dat
#mixed model for plotting data
fit <- glmer(cbind(CMC_OA, At_risk - CMC_OA) ~ Sex þ age þ
(1 j name/Sex),
control ¼ glmerControl(optimizer ¼ "bobyqa"),
data ¼ LM_data, family ¼ binomial)
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