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A B S T R A C T

Background: Clinical assessment of thumb motion is challenging, due to the complex anatomy and motion of the
thumb. It is especially difficult to measure hand movement during activity, and to measure the effects of surgery
that changes the morphology of the thumb. A three-dimensional model of the hand may enable clinicians to
better assess prehension and thumb motion at baseline, and following surgical intervention.
Methods: A kinematic model of the hand was developed to measure thumb and finger position during functional
tasks, enabling the calculation of the volume of space in which prehension could occur. This method was va-
lidated by application to a mechanical model of the hand, and then applied to ten adult participants, using three-
dimensional motion analysis with a marker array developed for the purpose of this study.
Findings: This method can be used to accurately measure three-dimensional thumb joint range of motion (RoM)
and predicted functional workspace during functional activities. The thumb carpometacarpal joint was pre-
dominantly responsible for thumb position during functional tasks. Predicted functional workspace is propor-
tional to hand morphometric measurements.
Interpretation: A kinematic model of the hand measures thumb RoM and predicts functional workspace during
functional activities.

1. Introduction

The thumb plays a critical role in hand function. Patients with im-
paired thumb structure or mobility, such as in thumb carpometacarpal
joint arthritis (Dahaghin et al., 2005; Jones et al., 2001; Zhang et al.,
2002), stroke (Arner et al., 2008; Hunter and Crome, 2002), con-
tractures (Bayne, 1985; Flynn, 1956), trauma (Van Oosterom et al.,
2005), and congenital hand differences (Manske et al., 1992), have
impaired ability to perform activities of daily living (ADLs). Conven-
tional measures of thumb motion have been limited to qualitative as-
sessments and static goniometric measurements (Cooney et al., 1981).
A method that measures thumb movement during activities provides
objective information that is more likely to reflect the patient's level of
disability than routine measures of body structure and function (World
Health Organization, 2002), such as static goniometric measurements
and pinch strength. In addition, a method that measures the volume of
the space in which fingers and thumb can interact, allowing prehension
to occur (thumb functional workspace) could measure the effects of
surgical treatments that change the morphology of the hand.

Three-dimensional (3D) motion analysis techniques have been used
in the upper extremity to measure shoulder, elbow, and wrist function

(Fitoussi et al., 2006; Mackey et al., 2006; Mosqueda et al., 2004;
Petuskey et al., 2007; Wang et al., 2007). A few studies have applied
these techniques to measure hand motion (Buczek et al., 2011;
Carpinella et al., 2006; Chang and Pollard, 2008; Goubier et al., 2009;
Kuo et al., 2003; Kuo et al., 2009; Metcalf et al., 2008; Tang et al.,
2008). However, there is little information in the literature regarding a
standard quantitative method to measure 3D thumb joint motion or
functional workspace of the hand.

This study presents a 3D model of the hand to measure thumb and
finger position. The model presented describes the angular motion of
the thumb joint and incorporates a measure of the predicted prehensile
reach space (functional workspace of the thumb) (Kuo et al., 2009). The
overall goal of the development of this model is to create a method for
clinicians to quantify impaired thumb motion and measure treatment
efficacy in patients with congenital and acquired thumb conditions. The
purpose of this study is to develop, validate, and assess the clinical
feasibility of a novel kinematic model of the thumb for measuring
thumb joint motion and the functional workspace of prehension.
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