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a b s t r a c t

Background: Measurement of treatment outcomes and change in health status over time is a critical com-
ponent of clinical practice and research for people with osteoarthritis. Numerous clinical tools are used to 
assess the structures and function of the thumb in persons with thumb carpometacarpal osteoarthritis 
however their psychometrics have not yet been systematically explored.
Purpose: The purpose of this study was to explore the psychometric properties of clinical tools used in 
persons with non-surgical thumb carpometacarpal osteoarthritis to objectively measure thumb structures 
and function, evaluate the quality of such studies, and subsequently make clinical and future research 
recommendations.
Study Design: Systematic review.
Methods: A systematic search and screening was conducted across nine databases. Original research pub-
lished between 2002 and 2022 that involved the assessment of psychometric properties (validity, reliability, 
precision, responsiveness, sensitivity, specificity, and minimal clinically important difference) of clinical 
tools were included. Sample characteristics, methods, and psychometric findings from each study were 
compiled. The methodological quality of included studies was evaluated using the COnsensus‐based 
Standards for the selection of health Measurement Instruments’ checklist. Two independent researchers 
screened articles and assessed methodological quality and when not in agreement, a third party was con-
sulted.
Results: Eleven studies were included in the review. The mean age of all participants in the studies was 69 
years of age. The study designs included prospective case–control, prospective cohort, and cross-sectional to 
determine the psychometric properties of the measurements and tools. The included studies examined 
techniques to assess range of motion, strength, and pain-pressure thresholds, and screen for arthritis (ie, 
provocative tests). The intermetacarpal distance method, Kapandji index, pain-pressure threshold test, and 
pain-free grip and pinch dynamometry demonstrate excellent reliability and acceptable precision. 
Metacarpal extension, adduction, and pressure-shear provocative tests have superior sensitivity and spe-
cificity and the extension and adduction tests have excellent reliability. Other assessments included in the 
review yielded less robust psychometric properties. Studies were of variable methodological quality span-
ning from inadequate to very good.
Conclusions: Based on the available literature on the psychometric properties of assessments of body 
structures and functions in persons with non-operative thumb carpometacarpal osteoarthritis, we offer a 
limited set of recommendations for use when screening for arthritis symptomology and measuring hand 
strength, thumb mobility, and pain thresholds. Additional psychometric research is needed in these domains 
as well as in dexterity, sensation, and objective measures of hand function. Future research should employ 
best practices in psychometric research.
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Introduction

Thumb carpometacarpal (CMC) osteoarthritis (OA) can be a 
painful and debilitating condition associated with declines in joint 
mobility, coordination, and joint receptors, and functional use of the 
hand.1–4 The measurement of relevant objective data is vital to de-
termine deficits, note progress, and determine treatment outcomes. 
Measurement of treatment outcomes and change in health status 
over time is a critical component of research and clinical practice for 
people with thumb CMC OA.5 The use of outcome measures for 
clinical trials of OA that address the domain of function is promoted 
by both the Osteoarthritis Research Society International6 and Out-
come Measures in Rheumatology and Clinical Trials.7 Currently there 
is no singular gold standard for the assessment of body structures 
and function8 (ie, anatomical parts and physiological functions of 
body systems) in thumb CMC OA.9

There are a variety of tools that can be used to assess the body 
structures and functions (BSF) of the affected thumb CMC joint and 
there is some variability in how often these are used by hand 
therapists. The authors of a cross-sectional survey of hand therapy 
practice patterns of therapists treating patients with thumb CMC OA 
sought to describe this variability.10 In this study, the authors re-
ported that over 85% of therapists perform goniometric measure-
ment of the thumb and surrounding joints, approximately 7% of 
therapists use methods other than goniometry, and 3% of therapists 
did not measure range of motion (ROM) at all.10 Most, but not all, 
therapists reported measuring thumb opposition, but therapists 
used a variety of measures including verbal description, the use of 
callipers or a ruler, and a small percentage used the Kapandji op-
position scale.11 Almost all of the respondents reported that they 
measured grip strength and pinch strength and about a third re-
ported performing manual muscle testing of thumb musculature. 
Therapists commonly used provocative tests to screen in or out 
thumb CMC OA symptomology and they reported that the CMC grind 
test12 was used more frequently, followed by Finkelstein’s test,13 and 
ligament laxity tests.10 The authors concluded that more consistent 
use of psychometrically-sound BSF outcome measures in thumb 
CMC OA is needed.

Similarly, the authors of a systematic review that linked the 
outcome measures used in studies on thumb CMC OA orthotic in-
terventions to the International Classification of Functioning found 
that the thumb CMC researchers also use a variety of measures that 
focused on BSF. These measures included grip and pinch strength 
assessment, range of motion measurements taken with a goni-
ometer, thumb ROM assessed with an infrared camera system, ROM 
assessed with the Kapandji scale, the O’Conner Dexterity test, and 
the Sollerman test of hand function.14 The assessment of grip and 
pinch strength were the most commonly used outcome measures in 
eight of the nine studies included in the review.14

A scoping review of the clinical measures for thumb CMC OA 
reported that researchers used 52 different BSF tests for the eva-
luation of CMC OA.15 While, as the authors acknowledge, these 
numbers are notably low, the review may have overestimated the 
number of BSF tests used in thumb CMC OA as it included numerous 
articles on measures that (1) could be useful in thumb CMC OA but 
had actually only been studied in broad “hand OA,” and healthy- 
handed populations and/or (2) were either non-clinical in nature (ie, 
tools used only for research purposes) or not administered by hand 
therapists (eg, radiographic assessments). The authors reported gaps 
in clinical outcome measures that addressed ligamentous structures, 
biomechanical properties of the CMC joint, neuromuscular struc-
tures, and proprioceptive functions and concluded that further re-
search was needed to develop and validate distinct clinical tools to 
evaluate BSF in thumb CMC OA. This conclusion aligns well with the 
Osteoarthritis Research Society International recommendations for 

the use of thumb CMC OA measures that are reliable, valid, re-
sponsive to change, feasible, and readily available to clinicians and 
researchers.6,15 However, the scope of the review conducted by 
Normand et al15 did not yield an exploration of the tests’ psycho-
metrics, an assessment of the quality of the psychometric research in 
non-operative thumb CMC OA, or clinical recommendations.

In conclusion, while there are numerous tools that have or could 
conceivably be used to assess BSF in persons with thumb CMC OA 
who are being managed non-operatively, it is best-practice to select 
tools with measurement properties that are specific to the popula-
tion being treated and the treatment being used.16 The objectives of 
this systematic review are to (1) assess the literature on clinical tools 
used in the assessment of BSF in persons with non-operative thumb 
CMC OA and describe their psychometric properties, (2) based on 
these findings, make recommendations to help guide clinicians and 
researchers in the selection of instruments to evaluate BSF in pa-
tients with non-operative thumb CMC OA, and (3) identify gaps in 
the literature that might inform future BSF measurement research in 
persons with non-operative thumb CMC OA.

Methods

Search strategy

In accordance with best practices,17 we conducted a comprehensive 
search combining natural language and controlled vocabulary using a 
combination of terms to reflect the concepts of CMC OA and con-
servative treatments. A full search strategy included all search terms is 
available in Appendix A. Search terms included carpometacarpal, 
thumb, osteoarthritis, orthotic devices, orthopedic equipment, mus-
culoskeletal manipulations, exercise therapy, rehabilitation, occupa-
tional therapy, physical therapy, modalities, conservative, non-surgical, 
intervention, and management. The search was conducted across nine 
databases: Ovid MEDLINE, Ovid Embase, CINAHL via EBSCO, Clinical-
Trials.gov, Global Index Medicus, PubMed, Scopus, SPORTDiscus EBSCO, 
and Web of Science Core Collection. A medical research librarian 
trained in conducing systematic review searches performed all sear-
ches in August, 2022. No limitations were placed on study design, date 
of publication, or language of publication. The search protocol was 
registered with PROSPERO18 prior to the commencement of screening 
(CRD42021272694).

Study selection

Screening was completed using Covidence19 and occurred in two 
phases: title–abstract screening and full-text screening. Screening at 
both stages was done by two independent researchers and dis-
crepancies were resolved through consensus or by a third party 
where necessary. Reasons for exclusion were recorded at the full- 
text screening phase in accordance with PRISMA guidelines, and are 
reported in Figure 1.

Inclusion criteria

Consensus was required between two reviewers to determine 
final eligibility. To be included studies must have (1) been conducted 
on participants with thumb CMC OA (ie, not general hand OA) who 
had not being treated with surgery or steroid injection, (2) been 
original, peer-reviewed publications (ie, systematic reviews, meta- 
analyses, conference proceedings, editorials, book chapters, expert 
opinion, etc. were excluded), (3) investigated the psychometric 
properties of clinical tools that objectively measured body structures 
and function (ie, studies on subjective pain assessments, patient- 
reported outcomes, mental health, etc. were excluded), and (4) im-
plemented tools only used in clinical settings (ie, not solely for 
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research purposes). Articles more than 20 years old were excluded to 
ensure that we did not analyze outdated material.20

Data extraction

Data on studies’ samples, methodology, and psychometric find-
ings were extracted from the included studies. The psychometric 
findings of interest included reports of tools’ properties (ie, relia-
bility, validity, responsiveness, precision, sensitivity, specificity, and 
minimally importance clinical difference).

Assessment of methodological quality

Prior to formally beginning the review process, several articles 
were pilot‐tested to ensure agreement. The methodological quality 
of included studies was evaluated by two independent researchers, 
and consensus arose through discussion. Although not utilized, a 
third party was available for consultation if consensus was not 
reached. To assess quality, the Consensus‐based Standards for the 
selection of health Measurement Instruments (COSMIN)21 was used. 

This checklist is used to assess methodological quality of research 
that spans various domains of measurement properties for later use 
in systematic reviews.21 The domains assessed in COSMIN include 
measurement error, validity, reliability, responsiveness, and inter-
pretability with related measurement properties. For each of the 
measurement properties, the COSMIN checklist consists of five to 18 
items to determine methodological quality and each item is rated on 
a four‐point scale (ie, inadequate, doubtful, adequate, and very 
good).21 By applying the lowest rating for each item, an overall score 
is separately generated for each measurement property. A study is 
rated as inadequate, doubtful, adequate, or very good regarding 
methodological quality for each of the assessed measurement 
properties.

Results

Included studies

After deduplication, the search strategy identified 1088 poten-
tially eligible studies. Following a screen of the titles and abstracts, 

Fig. 1. Flow diagram. 
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131 studies were potentially eligible. One hundred and twenty stu-
dies were deemed ineligible. Eleven studies were included in the 
review. A flowchart of this process with additional detail including 
reasons for exclusion is shown in Figure 1.

Included study characteristics

The characteristics of these studies are summarized in Table 1. A 
total of 603 subjects with CMC OA were enrolled across all studies 
with a mean age of 69 years. The psychometric study designs in-
cluded prospective case–control, prospective cohort, and cross-sec-
tional. The authors of the included studies examined the 
psychometric properties of the instruments used only in the clinical 
evaluation of persons with non-operative thumb CMC OA. These 
psychometric properties are defined in Table 2. The selected studies 
investigated techniques used to measure ROM, strength, and pain- 
pressure threshold, and to reproduce arthritic symptomology (ie, 
provocative tests). Specifically, these authors investigated the cri-
terion validity (ie, sensitivity and specificity) of provocative 
tests,22–25 the reliability and precision of tools and techniques used 
to quantify ROM,26,27 the reliability, precision, and construct validity 
(ie, minimal clinically important difference) of several hand strength 
measures,28–32 and the reliability and precision of the pain-pressure 
threshold test in persons with thumb CMC OA.29 The provocative 
tests studied included the grind test, traction shift test, metacarpo-
phalangeal (MP) extension test, MP flexion test, and pressure-shear 

test. Tests of ROM included the intermetacarpal distance (IMD) 
method, Kapandji index, and goniometric measurements of the 
thumb. The strength tests included pain-free grip and pinch strength 
using dynamometry, maximal volitional contraction (MVC) grip 
strength using dynamometry, and combined thumb abduction/index 
finger extension strength using myometry. A summary of each 
study’s objectives, participants, methods, and psychometric findings 
is reported in Table 3.

Measure usability

The researchers of the studies provided sufficient detail regarding 
the administration of the tests and tools that they used in their re-
search. The cost of the assessments range from no cost to approxi-
mately $300.00. All of the procedures used by the researchers can be 
performed in less than 2 minutes. Additional details, including brief 
summaries of the testing procedures, can be found in Table B1 in 
Appendix B.22–32

Methodological quality of the included studies

The methodological quality of the included studies varied from 
inadequate23,24,28 to very good.21,25,26 The reliability of the instru-
ments and measurement error were more often provided than the 
criterion or construct validity. Two of the studies on assessments of 
thumb mobility were of high methodological quality.25,26 Studies 

Table 1 
Included study characteristics 

Authors and year of 
publication

Measure(s) Study design Number of participants Age of participants

Choa et al. 201324 The grind and traction shift tests Prospective case–control to compare the 
sensitivity and specificity of the grind and 
traction shift test in CMC OA

30 healthy subjects 
30 subjects with CMC OA

CMC OA mean age 66 
Healthy participants mean 
age 50

Miller and Jerosh- 
Herold 201328

Maximal pinch strength Prospective cohort study, repeated measures 
design to compare the test–retest reliability of 
the Jamar dynamometer to a digital strain 
gauge torsion dynamometer (IME)

38 subjects with CMC OA CMC OA mean age 63

Villafañe and Valdes 
201329

Index finger extension and thumb 
strength, thumb CMC 
extension, and pain-pressure 
threshold

Prospective cohort study to measure isometric 
force of index finger extension and abduction 
CMC joint, thumb CMC extension, and pain- 
pressure threshold of the thumb in patients 
with CMC OA to establish the cutoff value 
scores for a minimal detectable change

39 subjects with CMC OA 
38 healthy subjects

CMC OA mean age 81 
Healthy subjects mean 
age 78

Villafañe and Valdes 
201430

Pain-free pinch strength Prospective cohort study to determine the 
test–retest reliability of pain-free pinch 
strength testing

27 subjects with CMC OA CMC OA mean age 81

Villafañe et al 201531 Pain-free grip strength Cross-sectional study to determine the 
test–retest reliability of pain-free grip 
strength testing in subjects with CMC OA

78 subjects with CMC OA CMC OA mean age 83

Gelberman et al 201522 Thumb metacarpal adduction and 
extension tests

Cross-sectional study to determine the 
diagnostic performance (ie, sensitivity, 
specificity, inter-rater reliability) of the thumb 
metacarpal adduction and extension tests

48 with CMC OA 
44 with radial sided wrist 
pain 
47 with other wrist pain

CMC OA mean age 62 
Radial sided wrist pain 
mean age 52 
Other wrist pain mean 
age 42

Jha et al 201526 Kapandji index, goniometry Cross-sectional study to determine the inter- 
rater reliability of the Kapandji index to 
goniometric measurement of the thumb

33 patients (54 thumbs) 
with CMC OA

CMC OA mean age 65

Model et al 201623 Lever, grind, and MP extension 
tests

Prospective cohort study to compare the 
effectiveness of the lever test, grind test, and 
MP extension test

62 subjects with CMC OA CMC OA mean age 63

Villafañe et al 201732 Pinch and grip strength Prospective case–control study to determine the 
MCID in maximal pinch and grip strength in 
women with CMC OA

57 women subjects with 
CMC OA 
53 healthy subjects

CMC OA mean age 83 
Healthy mean age 77

Sela et al 201925 Grind, MP flexion, MP extension, 
and pressure-shear tests

Prospective cohort study to determine the 
diagnostic value of the grind, MP flexion, MP 
extension, and pressure-shear test

104 (127 thumbs) subjects 
with CMC OA

CMC OA mean age 59

McGee et al 202127 Intermetacarpal distance measure 
of palmar and radial abduction

Cross-sectional, psychometric study to 
determine the inter-rater reliability and 
precision of the intermetacarpal distance

22 subjects (28 thumbs) 
with CMC OA

CMC OA mean age 59

CMC = carpometacarpal, MP = metacarpophalangeal, MCID = minimal clinically important difference, OA = osteoarthritis.
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that examined strength measurements were determine to be of in-
adequate,28 doubtful,29,30 or adequate27,31 methodological quality. 
Studies that examined provocative tests were determine to be of 
inadequate,23,24 doubtful,22 or adequate21 methodological quality. In 
total, 1/2 of the reliability studies had adequate or better metho-
dological quality, 1/2 of studies reporting on precision were of ade-
quate or very good quality, and 1/4 of the criterion validity (ie, 
sensitivity and specificity studies) were of adequate quality or better. 
The one study on construct validity (ie, minimal clinically important 
difference or “MCID”) was of adequate methodological quality. 
Figures 2 and 3 illustrate these trends. A meta-analysis was not 
performed given that only three testing approaches were studied on 
two or more occasions (ie, CMC Grind and MP Extension provocative 
tests and CMC extension goniometry) and Cochrane stipulates that a 
minimum of two studies per measurement would be needed.33

Given the low volume of relevant literature, only one comparison of 
the weighted estimates of measurement properties of CMC1 pro-
vocative tests could possibly be made.

Discussion

In this study, we sought to synthesize the evidence on the psy-
chometric properties of tools used to measure structures of and 
functions of the thumb in persons with non-operative thumb CMC 
OA. Further, we intended to explore the methodological rigor of 
studies in this area. While there is a plethora of clinical assessments 
that could be used to assess physical function in persons with thumb 
CMC OA15 many do not have sound psychometric properties and 
most have not been studied in persons with non-operative thumb 
CMC OA. Although studies on physical assessments conducted in 
healthy, general hand OA, and inflammatory arthritis populations 
may give some guidance to hand therapists who are seeking tools to 
measure physical constructs that are perceived to be barriers to 
occupational performance, if they are not psychometrically sound or 
do not have established psychometric properties in persons who 
represent the population being treated, the use of the tool may yield 

invalid and/or unreliable findings. For these reasons, we sought to 
study only those assessments of thumb body structures and func-
tions that have been tested in persons with non-operative thumb 
CMC OA. Given this, and that our review intentionally excluded 
subjective and patient-reported measures of thumb function, only 11 
publications met our inclusion criteria. These tests were limited to 
those that measured mobility, strength, and pain-pressure threshold, 
and those intended to provoke arthritis symptoms. Based on the 
reviewed literature, we have compiled the following list of re-
commendations for clinical practice that is also summarized in 
Table 4.

Recommendations for ROM measurement of the thumb

Opposition

When assessing opposition, we recommend the Kapandji index.11

Jha et al26 describe this test to have excellent inter-rater reliability 
(IRR)34 and acceptable precision.35

Palmar and radial abduction

We recommend the IMD method for quantifying radial and 
palmar abduction because it yields excellent IRR36 and acceptable 
precision.30 While there is evidence to support this method’s tes-
t–retest reliability in non-clinical and other clinical populations,37,38

and preliminary evidence to support its test–retest reliability in 
thumb CMC OA,39 further research is needed in persons with thumb 
CMC OA. Other psychometric properties, such as validity, respon-
siveness, and its minimally clinically important difference, are not 
yet known. The radial abduction goniometric method described by 
American Society for Surgery of the Hand40 appears to yield ex-
cellent test–retest reliability36 and acceptable precision35 when the 
evaluator is conducting the assessments within the context of the 
same therapy session in persons with thumb CMC OA.

Table 2 
Definitions of the properties of the reviewed tools 

Term Definition

Accuracy Accuracy of the measurement provided by an instrument is determined by comparing the reading on the device with a 
standard measure (or known true value).84

Inter-rater reliability The agreement between observers (also known as “interobserver” reliability) when making the same measurement. It is 
sometimes tested through using Cohen’s Kappa Statistic.85 Reliability, as per the Kappa result, can be interpreted as 
follows: values ≤0 as indicating no agreement, 0.01-0.20 as none to slight, 0.21-0.40 as fair, 0.41-0.60 as moderate, 0.61- 
0.80 as substantial, and 0.81-1.00 as almost perfect agreement. Other times it is tested through use of an intraclass 
correlation coefficient (ICC). Reliability, as per the ICC result, can be interpreted as follows: ≤0.39 = poor, 0.40-0.59 = fair,  
0.60-0.74 = good, and ≥0.75 = excellent.36

Minimal clinically important 
difference (MCID)

The smallest improvement considered worthwhile by a patient.86

Negative predictive value (NPV) The percentage of those identified by the test as negative who actually do not have the diagnosis. A value of 1.0 or 100% 
would indicate 100% of those with a positive test actually having the condition.87

Positive predictive value (PPV) The percentage of individuals identified by the test as positive who actually have the diagnosis. A value of 1.0 or 100% would 
indicate 100% of those with a negative test do not have the condition.87

Precision Degree to which repeated measurements under unchanged conditions show the same results (ie, measurement error). This 
is often established through calculating the standard error of the measurement (SEM), and the minimal detectable change 
(MDC) and MDC%. Both the SEM and MDC indicate the minimal amount of change allowed in a patient’s score that is not a 
result of a measurement error. The MDC is the more stringent of the two analyses. The MDC% is an indicator of how much 
error (ie, MDC) is present relative to the range of measurements recorded by the tool. This is expressed as a percent and an 
MDC% of less than 30% is defined as acceptable while one that is less than 10% is excellent.88

Test–retest reliability The agreement between scores of tests administered by the same assessor on two or more occasions (also referred to as 
“intra-rater” or “intra-observer” reliability).89

Sensitivity The proportion or percentage of individuals with a particular diagnosis who are correctly identified as positive by the test 
(ie, rate of correct positive diagnoses). A value of 1 indicates that those with the condition will test positive 100% of the 
time.90

Specificity The proportion or percentage of individuals without a particular diagnosis who are correctly identified as negative by the 
test (ie, rate of correct negative diagnoses). A value of 1 indicates that those without the condition will test negative 100% 
of the time.90
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Carpometacarpal flexion, MP flexion/extension, and interphalangeal 
flexion/extension

While IMD and goniometric assessments of CMC radial abduction 
(ie, extension), respectively, yield excellent inter and IRR in persons 
with thumb CMC OA, goniometric assessments of thumb CMC, MP, 
and interphalangeal (IP) flexion and extension, have variable IRR and 
low precision. Interphalangeal flexion measurements appear to have 
poor to good IRR whereas IP extension, and MP and CMC extension 
and flexion measurements appear to have moderate-to-good IRR.26

These findings are primarily in agreement with those of McGee 
et al41 who reported good-to-excellent IRR for MP and IP flexion 
measurements but poor IRR for CMC flexion measurements in 
healthy adults.

Because IRR for goniometric assessment of CMC and MP flexion 
and extension and IP extension is good-to-excellent, therapists 
should anticipate having comparable findings yet may want to 
proceed by either having a consistent therapist take these mea-
surements for the same client or interpreting these measurements 
with caution by ensuring that change exceeds the published stan-
dard error of the measurement (SEM). We recommend that only the 
same therapist take IP flexion measurements. Should only one 
therapist be involved in assessing a client’s radial abduction, one 
might argue that there is evidence to support that either IMD 
method or American Society for Surgery of the Hand goniometric 
method could be used. However, further evidence is needed to 
evaluate the test–retest reliability of all of the measures when the 
retest is occurring at a time point that is more in alignment with 
clinical practice (ie, 1-2 weeks after the initial assessment).

While others haven reported on the psychometrics for various 
approaches for quantifying thumb CMC palmar and radial abduc-
tion/adduction (ie, Pollexograph, radius-metacarpal goniometry, in-
termetacarpal goniometry, and thumb-distal-interphalangeal 
distance),37,42 these studies were not carried out in clinical popula-
tions and thus should be used with caution until further validated 
for use in persons with thumb CMC OA. Additionally, more evidence 
is needed on the validity, test–retest reliability, responsiveness, and 
minimally clinically important difference for the aforementioned 
IMD and goniometric measurements in persons with thumb 
CMC OA.

Recommendations for strength measurement of the thumb

Pinch

We recommend the use of the Baseline pinch gauge and a 
modified version of the Mathiowetz et al43 procedures (ie, three 
maximal pain-free trials). According to Villafane and Valdes,30 the 
average of three pain-free maximal pinch measurements using the 
Baseline Pinch Gauge yields excellent testCHTsretest reliability36 at 
1-week follow-up for tip, three-point, and lateral pinch. Based on the 
data provided, we were able to estimate the minimal detectable 
change (MDC) and subsequently calculate the MDC%. From this, we 
were able to determine the precision for each measurement using 
the Baseline to be excellent.35 Miller and Jerosch-Herold28 also ex-
plored the test–retest reliability of pain-free maximal pinch strength 
measurements but did so using the Jamar and MIE (MIE Medical 
Research Ltd) pinch gauges. Their methods were distinct from those 
used by Villafane and Valdes,30 in that they only included 1 trial, 
only involved the assessment of three-point pinch, and the retest 
occurred within the same measurement session. Both tools de-
monstrated excellent test–retest reliability36 but only the MIE de-
monstrated acceptable precision.35 Additionally, no significant 
differences were found between the tools in terms of pain intensity 
associated with testing or patient preference.Ta
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Efforts have also been made to establish the MCID of pinch strength 
measures. Through the use of a distribution-based approach, Villifane 
et al32 determined the MCID of maximal tip and three-point pinch 
measurements gathered with the Baseline pinch gauge as per the 
procedures described by Mathiowetz et al.43 These values (0.33 kg for 
tip and 0.35 kg for three-point) exceed the error (ie, precision) esti-
mates described by Villafane and Valdes,30 and should be surpassed in 
order for a therapist to be confident that the change in pinch strength 
will have an impact on the client’s daily experiences.

Grip

We recommend the use of the Jamar Grip Dynamometer using a 
modified version of the Mathiowetz et al43 procedures (ie, three 
maximal pain-free trials). In a study design similar to that of Villa-
fane and Valdes,30 Villafane et al31 reported that recording the 
average of three pain-free maximal measurements using the Jamar 
grip dynamometer yields excellent test–retest reliability36 and ac-
ceptable precision35 at 1-week follow-up.

Villifane et al32 also determined the MCID of maximal grip 
strength measurements gathered with the Baseline dynamometer as 
per Mathiowetz et al.43 According to these authors, for a therapist to 
be confident that the change in grip strength will have an impact on 
the client’s daily experiences, it should exceed 0.84 kg.

Other measures of hand strength

Based on our review, we cannot recommend any additional 
measures of hand strength in thumb CMC OA. Villafane and Valdes11

reported the intrasession reliability of a combined measure of thumb 
abduction and index finger extension strength via the Psytech 
Flexion/Extension gauge to only be “fair.” A pinch-collapse test,44

where maximal pinch at the time of thumb MP collapse is assessed 
via dynamometry, is also described in the literature but not yet 
psychometrically tested. There were also several myometers and 
research aparati that did not meet our inclusion criteria. The Rot-
terdam Intrinsic Hand Myometer (RIHM),45 a clinical tool for as-
sessing isolated measures of hand strength, has well-established 
psychometric properties in numerous non-clinical and clinical po-
pulations as well as reference values however has not yet been 
studied in thumb CMC OA.46–50 A myometer developed for research 
purposes51 was used to assess thumb abduction and adduction 
strength in persons with thumb CMC OA in response to exercise; 
however, its psychometrics were not described. Other tools devel-
oped for research purposes include force sensing jar tools used to 
measure cylindrical grasp strength in persons with thumb CMC 
OA52and to quantify the effects of joint protection strategies on hand 
forces.53 While both tools are described to have sound psychometric 
properties,54,55 they were not designed for clinical use.

Recommendations for fine motor/dexterity

Our review did not reveal any studies designed to test the psy-
chometrics of dexterity and fine motor assessments in persons with 
non-operative thumb CMC OA. However, there are several studies that 
did not meet our inclusion criteria but involved tests of fine motor and 
dexterity skills in persons with non-operative thumb CMC OA. Carreira 
et al56 evaluated the effects of a short opponens orthosis vs a no- 
treatment control on dexterity via the O’Connor Tweezer Dexterity 
Test.57 Loyley et al58 used the Nine Hole Peg Test59 to comparatively 
evaluate the effects of three orthosis designs as well as no-treatment 
group on fine motor skills. The Strength-Dexterity Test has been used in 
various descriptive studies of hand function in persons with and 
without conditions affecting the hand, including persons with thumb 
CMC OA.60–62 The test kit is comprised of numerous springs with 
variable tensile strengths that, when successfully compressed, are 
combined indicators of strength and dexterity. However, to date there 
are no published psychometric studies on these tests or others such as 
the Functional Dexterity Test (FDT),63 Purdue Pegboard,64 Box and 
Blocks,65 or the Minnesota Rate of Manipulation (MRM).66

Recommendations for hand function

Although conceptually measures of body functions, our review 
did not yield any studies on the psychometrics of objective assess-
ments of activity performance. While there are instruments such as 

Fig. 2. Methodological quality of the included studies. 

Fig. 3. Characteristic and psychometric reporting of individual studies. 
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the Arthritis Hand Function Test (AHFT),67 the Jebsen-Taylor Hand 
Function Test (JTHFT),68 or the Sollerman Hand Function Test 
(SHFT)69 whose psychometrics have been studied in hand OA and 
gout populations,70–73 their psychometrics are not yet known in the 
thumb CMC OA subset.

Recommendations for sensory function

Based on our review, we cannot recommend any tests for sensory 
function in persons with thumb CMC OA.

Joint position sense

While there were not any studies on clinical assessments of thumb 
CMC proprioception that met our inclusion criteria, new approaches to 
measuring joint position sense have emerged in thumb CMC OA. A 
goniometric method introduced by Ouegnin and Valdes74 has been 
used to describe differences in joint position sense (JPS) between those 
with and without thumb CMC OA and has been used to evaluate the 
outcomes of proprioceptive training in those with thumb CMC OA75

however, its psychometrics are not yet known. Additionally, in a con-
ference paper by McGee et al,39 the authors report strong preliminary 
psychometrics of a joint position sense measurement that involves the 
use of the aforementioned IMD method; however, there are not yet any 
peer-reviewed publications on this approach.

Cutaneous sensation

There are currently no published psychometric studies on clinical 
measures of cutaneous sensation like two-point discrimination 
(2PD) or cutaneous sensory threshold testing (eg, Semmes Weinstein 
Monofilaments)76 in thumb CMC OA however, recent evidence 
suggests there is a link between CMC OA synovitis and altered 
function of the superficial branch of the radial nerve.77

Right-left discrimination

Some recent evidence suggests that, like in persons with other 
chronic pain conditions,78 persons with hand OA may have altered 
body schemas. While not specifically in thumb CMC OA, a 2018 
case–control study79 revealed that persons with hand OA have al-
tered right-left discrimination sense relative to persons without.

Force matching

No studies on this topic met our inclusion criteria; however, 
evidence suggests that persons with thumb CMC OA have impaired 
pinch and grip force matching accuracy relative to healthy con-
trols.80 Although causality cannot be inferred, these findings align 
well with known alterations in conscious proprioception in this 
population.74 While this study did not involve dynamometers 
commonly used in clinical examination, the procedures could easily 

be adapted for use with grip and pinch gauges that are more often 
used in clinical environments. Further study is needed.

Recommendations for pain-pressure threshold

We recommend that pain-pressure threshold, as described by 
Villafañe and Valdes,11 be used as an objective measure of pain toler-
ance in thumb CMC OA. In this exam, pressure is applied to the base of 
the anatomical snuffbox with an algometer with the highest tolerated 
pressure being indicated of the patient’s threshold. This approach has 
excellent intra-session reliability,29 known precision,29 and has been 
used in several interventions studies on the effects of nerve and joint 
mobilizations on pain in persons with thumb CMC OA.1,81

Methodological quality

Only 3/11 studies were of “very good” methodological quality which 
compounds the issue of the already acknowledged low volume of BSF 
assessment research in non-operative thumb CMC OA. Common issues 
with the methodological quality of the reviewed reliability studies in-
cluded uncertainty about procedures for keeping evaluators blinded to 
previous test scores, and uncertainty about the appropriateness of time 
intervals between initial and follow-up tests. Inadequate statistical 
analysis and design flaws (eg, provocative testing not being conducted 
on healthy hands) were the most common methodological issues in 
criterion validity (ie, provocative test) studies.

Future research

The results of this review suggest that there is a shortfall of 
psychometrically tested tools for assessing thumb body structures 
and functions in persons with non-operative thumb CMC OA. Future 
research should explore the validity, MCID, and responsiveness of 
mobility, strength, dexterity, sensory, and hand function measures in 
persons with non-operative thumb CMC OA. Reliability studies are 
needed for specific strength measurements, including the RIHM and 
the Pinch Collapse test. Reliability studies are also needed in joint 
position sense (eg, goniometry and IMD), cutaneous sensation (eg, 
2PD and sensory threshold testing), force matching (eg, pinch dy-
namometry), dexterity (eg, NHPT, FDT, MRM), and hand function 
tests (eg, AHFT, JTHFT, SHFT). To prevent future issues with metho-
dological rigor, recommend the use of COSMIN criteria21 when 
planning and reporting future measurement research. Table 5
summarizes these recommendations.

Limitations

Our practice recommendations are limited due to the small vo-
lume of literature meeting inclusion criteria. Although we believe 
our inclusion criteria were justified, early psychometric studies and 
studies on patients who underwent injection and arthroplasty may 
have expanded our recommendations.

Table 4 
Synopsis of recommendations 

Domain Practice recommendations

Mobility Kapandji index26 for thumb opposition, IMD test for radial and palmar abduction;27 goniometry for thumb MP and IP extension 
and MP flexion26

Strength Three trials of pain-free maximal hand strength using the Jamar dynamometer31 and baseline pinch dynamometer30

Fine motor/dexterity Insufficient evidence
Sensation/proprioception/perception Insufficient evidence
Provocative tests Thumb metacarpal adduction stress test22 or extension stress test22; do not use grind compression
Pain threshold Pain-pressure threshold test via algometry29

IMD = intermetacarpal distance; IP = interphalangeal; MP = metacarpophalangeal
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Conclusions

We recommend that consistent outcome measures with sound 
psychometric properties be used in clinical evaluation and believe 
our findings will help to support this practice. We hope that our 
findings will also help to guide consensus groups such as Wouters 
et al5 with formulating future measurement recommendations. 
Furthermore, as is suggested by earlier research, we recommend that 
future studies on the effectiveness of interventions with thumb CMC 
OA use uniform outcome measures.82,83 Future psychometric 

research for the purpose of growing our library of clinical measures 
of body structures and functions for persons with non-operative 
thumb CMC OA is needed.
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Appendix A. Search strategy

MEDLINE (Ovid) search. 

1. exp Carpometacarpal Joints/
2. exp Metacarpus/
3. (cmc or carpometacarpal or "carpal metacarpal" or (thumb adj1 base)).tw,kw.
4. or/1-3
5. exp Osteoarthritis/
6. (osteoarthrit* or OA).tw,kw.
7. or/5-6
8. 4 and 7
9. exp Orthotic Devices/

10. exp Orthopedic Equipment/
11. exp Musculoskeletal Manipulations/
12. exp Exercise Therapy/
13. exp Occupational Therapy/
14. rehabilitation.fs.
15. exp Physical Therapy Modalities/
16. ("physical therap*" or physiotherap* or orthotic* or orthosis or orthoses or exercis* or kinesiotherap* or rehabilitat* or "occupational 

therap*").tw,kw.
17. ((conservative or "non-surgical" or nonsurgical or "non surgical" or "non-operative" or nonoperative) adj2 (therap* or treat* or inter-

vention* or management)).tw,kw.
18. or/9-17
19. 8 and 18
20. exp Animals/ not exp Humans/
21. 19 not 20
22. (exp Child/ or exp Infant/ or exp Adolescent/) not exp Adult/
23. 21 not 22
24. remove duplicates from 23

Appendix B

Table 5 
Suggestions for future research 

Domain Future research recommendations

Mobility • Studies on the validity, test–retest, MCID, responsiveness of IMD measures for radial and palmar abduction

• Studies on test–retest validity, reliability, responsiveness, and MCID for Kapandji index

• Studies on validity, test–retest reliability, inter-rater reliability, precision, MCID, and responsiveness of the following measure of thumb CMC mobility: 
Pollexograph, radius-metacarpal goniometry, and thumb-distal-interphalangeal distance

Strength • Studies on validity and responsiveness for all strength measurements

• Studies on test–retest, inter-rater reliability, precision, and MCID for the RIHM and Pinch Collapse Test44

Sensory • Studies on test–retest reliability, inter-rater reliability, precision, MCID, and responsiveness of goniometer-based JPS method

• Studies on validity, test–retest (larger sample needed) inter-rater reliability, precision, MCID, and responsiveness of IMD JPS method

• Studies on validity, test–retest reliability, inter-rater reliability, precision, MCID, and responsiveness for sensory threshold testing, 2PD, and pinch/grip 
force matching

Dexterity • Studies on validity, test–retest reliability, inter-rater reliability, precision, MCID, and responsiveness of NHPT, FDT, and box and blocks

Hand function • Studies on validity, test–retest reliability, inter-rater reliability, precision, MCID, and responsiveness of AHFT, JTHF, and SHFT

AHFT = Arthritis Hand Function Test; FDT = Functional Dexterity Test; JTHT = Jebsen-Taylor Hand Function Test; JPS = Joint Position Sense; IMD = intermetacarpal distance, 
MCID = minimal clinically important difference; NHPT = Nine Hole Peg Test; SHFT = Sollerman Hand Function Test; 2PD = Two Point discrimination.
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