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Abstract

Background Advanced thumb carpometacarpal (CMC)

osteoarthritis (OA) can cause substantial impairment in

hand function, from grasping heavy objects to fine

manipulation of implements and tools. In the clinical set-

ting, we commonly measure the grip strength of gross

grasp with a hand dynamometer in patients with CMC OA.

Cylindrical grasp, which requires more thumb contribution

than gross grasp, is an alternative method of measuring grip

strength and one that may provide insight into thumb-

related conditions. Because gross grasp and cylindrical

grasp use the thumb in different planes, measurement of

gross grasp alone might underestimate impairment.

Therefore, it is important to evaluate cylindrical grasp as

well. To our knowledge this tool has yet to be examined in

a population with early thumb CMC OA.

Questions/Purposes (1) Is cylindrical grasp and gross

grasp strength reduced in subjects with early thumb CMC

OA compared with asymptomatic control subjects? (2)

What is the association of cylindrical and gross grasp to

thumb CMC OA after adjusting for age, sex, and hand

dominance?

Methods We recruited 90 subjects with early symp-

tomatic and radiographic thumb CMC OA and 38

asymptomatic healthy control subjects for this multisite

controlled study. Demographic information, hand exami-

nation, comprehensive histories, plain film radiographs,

and cylindrical and gross grasp strength data were collected

on all 128 subjects. Mean grasp strength was calculated for

cylindrical and gross grasp in the population with early

CMC OA and the control population. A t-test was per-

formed on cylindrical and gross grasp to evaluate the

difference between the mean in the control and early CMC

OA populations. We used separate linear regression models

for the two types of grasp to further quantify the associa-

tion of grasp with a diagnosis of early thumb CMC OA

controlling for age, sex, and whether the subject used their

dominant or nondominant hand in the study.
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Results Cylindrical grasp was weaker in the population

with thumb CMC OA compared with healthy control

subjects (6.3 ± 2.7 kg versus 8.4 ± 2.5 kg; mean differ-

ence, 2.1; 95% CI, 1.1–3.1; p\ 0.001), but there was no

difference in gross grasp force (29.6 ± 11.6 kg versus 31.4

± 10.1 kg; mean difference, 1.7; 95% CI, �2.5 to 6.0; p =

0.425). When adjusting for age, sex, and handedness,

cylindrical grasp reduction was related to CMC OA (b =

�2.3; standard error [SE], 0.46; p\ 0.001) (Y-intercept =

8.2; SE, 1.8; R2 = 0.29), whereas gross grasp was not

reduced in early thumb CMC OA (b = �2.8; SE, 1.6; p =

0.072) (Y-intercept = 34.3; SE, 6.3; R2 = 0.48).

Conclusions A reduction in cylindrical grasp is associ-

ated with early symptomatic and radiographic CMC OA,

whereas gross grasp is not associated with early thumb

CMC OA, suggesting that cylindrical grasp may be a better

tool to detect changes in thumb and hand function seen

during early disease stages.

Clinical Relevance Cylindrical grasp may serve as a

more-sensitive measure for detecting early changes in early

CMC OA. The associated decline in hand function also

might provide an opportunity for measuring the effective-

ness of treatment and intervention.

Introduction

Thumb carpometacarpal (CMC) osteoarthritis (OA) is a

common debilitating joint disorder, affecting approxi-

mately 20% to 65% of adults [15, 22]. Patients with thumb

CMC OA report reduced function with routine hand use

involving the thumb [1, 5, 11, 12, 19]. Pain appears to

contribute to the diminished function and decreased hand

strength observed in patients with CMC OA [12], but

mechanical dysfunction arising from joint deformity also

might play a large role [16, 24]. Grip strength is a gross

measure of functional impairment [19]. It often is reported

in studies of thumb CMC OA [1, 5, 11–13, 25] and com-

monly is used in the clinic to evaluate hand function.

Decreases in grip strength are observed in patients with

advanced thumb CMC OA, potentially corresponding to

other biomechanical changes at the thumb CMC joint as

the disease progresses [1, 5, 7, 10, 13, 17, 24, 28]. One

method of measuring grip strength is with a dynamometer.

As a result of their shape and positioning, dynamometers

do not measure the forces on the thumb during gross grasp.

The thumb contributes the least of all digits to grip strength

measurement [2]. Other forms of grasp have been evalu-

ated with cylindrical grasp reported as an alternative

measure for grip strength [27]. During cylindrical grasp,

the thumb is in a position of palmar abduction and opposes

the combined forces of the other four fingers, which have

been found to produce up to 120 kg of compressive forces

on the CMC joint in a cadaver biomechanical study [4].

Additionally, cylindrical grasp is the most common type of

grasp used during functional activities [23]. Cylindrical

grasp has been used to investigate stability of the CMC

joint in early CMC OA, and it was found that there are no

changes in stability of the thumb CMC joint in this popu-

lation during cylindrical grasp [8].

However, to our knowledge, only one study on func-

tional and biomechanical changes in early thumb CMC OA

exists, and it does not evaluate grip strength [18]. Although

data exist regarding gross grasp in many populations,

including a healthy population and a population with

advanced thumb CMC OA [1, 5, 13, 17, 20, 25, 26], there

have been no studies that examine this grip strength in a

population with early thumb CMC OA. Cylindrical grasp

has been investigated only as a tool to examine thumb

CMC OA joint stability, and has not yet been explored as a

grip strength measurement [7, 8, 16]. Additionally, to our

knowledge, there has been no direct comparison of gross

grasp with cylindrical grasp strength in patients with early

CMC OA. As the thumb plays a different role in gross and

cylindrical grasp, it is likely that these two tools may detect

different changes in the thumb CMC joint. With the high

compressive forces that the thumb joint experiences in

cylindrical grasp [4], we would suspect that this tool may

detect changes in hand function or pain earlier than gross

grasp. With gross grasp as the current gold standard for

assessing grip strength across the spectrum of thumb CMC

OA, it is important to compare the two measurements to

determine whether cylindrical grasp may be a better tool at

early disease stages.

We therefore asked: (1) Is cylindrical grasp and gross

grasp strength reduced in subjects with early thumb CMC

OA compared with asymptomatic control subjects? (2)

What is the association of cylindrical and gross grasp to

CMC OA after adjusting for age, sex, and hand

dominance?

Patients and Methods

Symptomatic subjects with early thumb CMC OA and

healthy control subjects were recruited for this multisite

controlled study. A power analysis based on normative data

of gross grasp in a 55- to 59-year-old right-hand dominant

population was conducted and determined that a minimum

of 24 subjects was necessary to detect a 20% reduction in

grasp in the population with early thumb CMC OA [17]. A

total of 128 subjects were identified through a larger

ongoing National Institutes of Health investigation at two

study sites (90 subjects with early thumb CMC OA and 38

healthy control subjects). An institutional review board at

both study sites provided ethical approval of the study

before patient enrollment began. Informed consent was
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obtained from all participants, and a hand examination with

a detailed history including hand dominance, age, and sex

was recorded for each subject. Plain film radiographs

(posteroanterior, lateral, stress view, and Robert’s view of

the thumb) also were obtained to evaluate for inclusion and

exclusion criteria.

Early thumb CMC OA was defined as having absent or

early radiographic change (modified Eaton Stage 0–I)

accompanied by thumb pain or discomfort [14]. All sub-

jects were evaluated by a board certified hand surgeon to

confirm a diagnosis of early thumb CMC OA, and exclude

other possible disorders for thumb pain or discomfort.

Inclusion criteria for the healthy population were defined as

having no pain in the thumb and no radiographic evidence

(modified Eaton Stage 0) of thumb CMC OA. Exclusion

criteria for both populations included a diagnosis of other

causes of base of thumb pain (trigger thumb, DeQuervain’s

tenosynovitis, scaphotrapezotrapezoidal arthritis), inflam-

matory arthritis, connective tissue or metabolic bone

disease, and history of fracture, ligament injury, or surgery

of the ipsilateral hand or wrist.

An instrumented digital dynamometer (Greenleaf Med-

ical Systems, Palo Alto, CA, USA) was used to assess gross

grasp following the American Society of Hand Therapists

guidelines (Fig. 1) [21]. The dynamometer was set at the

hand position 3 setting throughout the study and was not

adjusted for patient hand size. Each subject completed

three maximum force trials with 45 seconds of rest sepa-

rating each trial. The peak force from each trial was

recorded. The three peak forces were averaged to obtain an

average maximum force for each subject.

The cylindrical grasp tool was designed based on prior

studies [3, 8, 9]. A custom-made polycarbonate cylinder

(66 mm diameter, 117 mm height) with a single axis load

cell (0–50 pounds [0–22.7 kg], Model D Thru-Hole Load

Cell; Honeywell International Inc, Morristown, NJ, USA)

recessed in the side of the cylinder and covered by a

concave button (overall diameter of 67.5 mm) was used to

measure cylindrical grasp [3, 9]. The force generated by

the distal phalanx of the thumb was measured perpen-

dicular to the surface of the button. Each subject’s hand

and wrist were positioned following a previously de-

scribed protocol (Fig. 2) [9]. Each subject completed two

maximum effort trials with 45 seconds of rest separating

the trials, and the two peak forces were averaged to

obtain an average maximum force for each subject. Data

were collected using a custom-written LabVIEW (Na-

tional Instruments, Austin, TX, USA) data acquisition and

display program.

Summary demographic data were compared between the

symptomatic thumb CMC OA group and the healthy con-

trol subjects (Table 1). The average age of the control

group was 57 years, and the average age of the OA group

was 57 years. There was no difference in the proportion of

men (39% [15/38] in the control group, 47% [42/90] in the

early CMC OA group; p = 0.410) or the proportion of

subjects who used their dominant hand for the force mea-

surements in the two groups (68% [26/38] in the control

group, 63% [57/90] in the early CMC OA group; p =

0.642).

Fig. 1 Standard hand positioning for the instrumented digital

dynamometer followed the American Society of Hand Therapists

guidelines [21].

Fig. 2 Standard hand positioning for the cylindrical jig followed

protocols outlined in a prior study [9].
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Statistical Analysis

Data were analyzed using SAS1 (SAS Institute, Cary, NC,

USA). Means and standard deviations for gross grasp and

cylindrical grasp were calculated for both populations. T-

tests were performed on the cylindrical and gross grasp

data to compare the difference between means for the

control and early CMC OA populations. Adjusted linear

regression was performed for each type of grasp with the

grasp force measurement as the dependent variable and OA

status as the independent variable controlling for age, sex,

and whether the subject was using their dominant or non-

dominant hand. Results were reported as parameter

estimates with standard errors, and p values. Adjusted R2

values also were reported for each regression line. A p

value less than 0.050 was considered significant.

Results

Cylindrical grasp was weaker in the population with thumb

CMC OA compared with healthy control subjects (6.3 ±

2.7 kg versus 8.4 ± 2.5 kg; mean difference, 2.1 kg; 95%

CI, 1.1-3.1 kg; p\ 0.001), but there was no difference in

gross grasp force (29.6 ± 11.6 kg versus 31.4 ± 10.1 kg;

mean difference, 1.7 kg; 95% CI, �2.5 to 6.0 kg; p =

0.425) (Table 2).

After adjusting for age, sex, and whether the dominant

or nondominant hand was used for data collection, the

linear regression model showed that radiographic and

symptomatic thumb CMC OA was associated with weaker

cylindrical grasp (b = �2.3; standard error [SE], 0.46; p\
0.001) (Y-intercept = 8.2; SE, 1.8; R2 = 0.29) (Table 3).

After adjusting for age, sex, and whether the dominant or

nondominant hand was used for data collection, the linear

regression model for gross grasp showed there is no asso-

ciation between early radiographic and symptomatic thumb

CMC OA and gross grasp (b = �2.8; SE, 1.6; p = 0.072)

(Y-intercept = 34.3; SE, 6.3; R2 = 0.48) (Table 4).

Discussion

Evaluation of grip strength is an important clinical

assessment in subjects with thumb CMC OA to evaluate

changes in hand function seen in the disease. Although

gross grasp is the current tool used clinically, the thumb

plays a minimal role during this type of grasp, whereas in

cylindrical grasp the thumb plays a critical role, undergo-

ing larger compressive forces during the task. Because of

different thumb positioning in the two measurements, we

considered that OA will have different effects on each

grasp. Although is it known that gross grasp is reduced in

subjects with advanced thumb CMC OA, to our knowl-

edge, there have been no studies examining the utility of

this tool or others during early disease stages. The purpose

of our study was to evaluate cylindrical and gross grasp in a

population with early thumb CMC OA compared with a

control population, because earlier studies have focused

primarily on later disease stages when examining the effect

of hand OA on grip strength [1, 5, 13]. We found that a

diagnosis of early thumb CMC OA was associated with

weaker cylindrical grasp, whereas there was no association

between early thumb CMC OA and gross grasp.

This study had several limitations. The cylindrical tool

in this study had a fixed diameter, which was selected from

Table 2. Mean maximum grasp values and differences between the mean

Variable Subjects with thumb CMC OA

mean (SD), n = 90

Control subjects,

mean (SD), n = 38

Mean difference

(95% CI)

t Value p Value

Cylindrical grasp (kg) 6.3 (2.7) 8.4 (2.5) 2.1 (1.1 to 3.1) 4.1 \ 0.001

Gross grasp (kg) 29.6 (11.6) 31.4 (10.1) 1.7 (�2.5 to 6.0) 0.8 0.425

CMC OA = carpometacarpal osteoarthritis.

Table 1. Demographic information

Variable Subjects with thumb CMC OA, mean (SD), n = 90 Control subjects, mean (SD), n = 38 p Value

Age (years) 57 (7.3) 57 (7.7) 0.728

Male sex (%) 47 (50.2) 39 (49.5) 0.410

Dominant hand is study hand (%) 63 (48.5) 68 (47.1) 0.642

CMC OA = carpometacarpal osteoarthritis.
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prior studies, thereby making it impossible to adjust the

size of the tool to optimize grasp strength measurements

for each subject. Furthermore, grip strength testing is only

one of many potential measurements for evaluation of

thumb CMC OA, not a standalone in the diagnosis or

clinical decision-making regarding treatment of thumb

CMC OA. We examined grip strength at a specific time in

disease for our subjects with early thumb CMC OA com-

pared with control subjects. Although quantification of grip

strength at the subjects’ baseline is useful to establish an

understanding of how these tools may detect differences in

grip strength at a specific time in the disease, its utility in

measuring disease progression and further functional

decline is unknown. Additionally, although the

dynamometer has been described as a reliable grip strength

measurement [17, 26], the cylindrical tool has not been as

comprehensively studied, requiring further validation of its

reliability as a tool before widespread clinical use [27].

Although this tool has not been adopted clinically, there are

efforts to introduce similar cylindrical grasp tools for

assessment of hand strength in musculoskeletal disease

[27], and therefore studies such as the current one are

needed to better understand the potential role of cylindrical

grasp.

Cylindrical grasp is affected by early thumb OA, but

gross grasp is not. Villafañe et al. [25] defined the mini-

mum clinical important difference of grip strength when

measured by a dynamometer between healthy subjects and

subjects with late-stage thumb CMC OA to be 0.84 kg to

1.12 kg and found that healthy subjects had approximately

50% greater grip strength compared with their counterparts

with OA. We did not find as large a difference between the

two groups in gross grasp or cylindrical grasp; however,

the population with OA in the aforementioned study

included subjects with more severe disease (Eaton Stages

III–IV OA), whereas we restricted our study population to

early disease (modified Eaton Stages 0-I). This suggests

that although the dynamometer is a useful tool in later

stages of disease, it may not be as useful during early

disease stages, but conversely cylindrical grasp may be a

useful tool during early disease. Hand positioning during

cylindrical grasp may play an important role in thumb

kinetics because the thumb is in a position of palmar

abduction during cylindrical grasp, allowing it to oppose

the forces of the long fingers (Fig. 3) [6]. Patients with

thumb CMC OA often have difficulty with thumb abduc-

tion as a result of pain, and in advanced disease, the pain

may become so severe that patients try to eliminate

abduction from their activities of daily life. This continual

avoidance of abduction results in secondary deformities of

the joint, including adduction contractures of the first web

space [22]. This discomfort with abduction often is seen

early in the disease, which could contribute to the signifi-

cant reduction in cylindrical grasp compared with that of a

healthy population.

Our results further suggest that perhaps cylindrical grasp

is a more sensitive test in measuring the decrease in forces

during early disease compared with the standard clinical

tool of gross grasp with a dynamometer. CMC joints

affected by early OA do not yet show signs of instability

during functional tasks; however, a decrease in key pinch

strength has been documented in the same early stage of

disease [8, 18]. Our results complement these findings,

suggesting that although there may not be changes in joint

stability at early disease stages, there may be changes in

loading of the thumb that are detectable with certain clin-

ical tools.

Table 3. The relationship between cylindrical grasp and early CMC

OA

Variable b (standard error; p value)

CMC OA diagnosis �2.3 (0.46;\ 0.001)

Male gender 2.4 (0.47;\ 0.001)

Age �0.02 (0.03; 0.465)

Dominant hand 0.73 (0.44; 0.101)

Y intercept 8.2 (1.8;\ 0.001)

CMC OA = carpometacarpal osteoarthritis.

Table 4. Relationship between gross grasp and early CMC OA

Variable B (standard error; p value)

CMC OA diagnosis �2.8 (1.6; 0.072)

Male gender 16.2 (1.6;\ 0.001)

Age �0.20 (0.12; 0.062)

Dominant hand 3.1 (1.5; 0.041)

Y Intercept 34.3 (6.3;\ 0.001)

CMC OA = carpometacarpal osteoarthritis.

Fig. 3 Hand positioning for the cylindrical jig involves the thumb in

a position of palmar abduction.
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In assessing dysfunction in early thumb CMC OA,

cylindrical grasp strength measurements are more appro-

priate than gross grasp measurements. Given the variation

in grip strength across a population, the utility of these

tools would be better assessed in a longitudinal fashion

using a change in an individual subject’s grip strength

along the timeline of disease to assess the sensitivity of a

tool in detecting functional reduction with time. Compar-

ing the utility of cylindrical grasp with other tools used to

assess hand function, such as pinch strength, also will be

integral in better understanding hand function during early

disease. Identifying an accurate method of quantifying

functional decline of the thumb before extensive disease

progression potentially provides a tool for clinically mon-

itoring progression of thumb CMC OA, with an ultimate

goal of improving thumb and hand function. Although the

strength of association is important to consider when

evaluating clinical tools, further research should be done to

investigate the correlation of individual subjects’ grip

strength, as measured by gross and cylindrical grasp, with

time to better understand the strength of the relationship

between these tools and disease progression.
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