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Graduate Certificate in Hand Therapy (United Kingdom)

Biomechanics Of The Upper Limb

The term biomechanics refers to the study of the mechanical principles that govern the movement and
stability of the musculoskeletal system. In the context of the upper limb, this discipline integrates anatomy,
physics, and physiology to explain how bones, joints, muscles, tendons, and ligaments interact to produce
functional tasks such as reaching, grasping, and manipulating objects. Mastery of the vocabulary associated
with upper‑limb biomechanics is essential for hand therapists, as it provides the language needed to assess
impairments, design interventions, and communicate findings with multidisciplinary teams.

Anatomical Landmarks
The upper limb is composed of three major segments: The arm, the forearm, and the hand. The proximal
segment includes the humerus, which articulates with the scapula at the glenohumeral joint. Distally, the
forearm contains two parallel bones, the radius and the ulna. The radius lies lateral to the ulna when the
arm is in anatomical position, and it rotates around the ulna during pronation and supination. The hand is
built from the carpal bones, metacarpals, and phalanges, each contributing to the complex motions
required for precision and power grips.

Joint Types and Movements
A joint is a functional unit that permits relative motion between two or more bones. The glenohumeral joint
is a ball‑and‑socket articulation, allowing movement in three planes: Sagittal (flexion/extension), frontal
(abduction/adduction), and transverse (internal/external rotation). The elbow is a hinge joint formed by the
humeroulnar articulation, primarily permitting flexion and extension, while the proximal radioulnar joint
enables pronation and supination. The wrist, or radiocarpal joint, is classified as an ellipsoid joint, allowing
flexion, extension, radial deviation, and ulnar deviation. The distal radioulnar joint, a pivot joint, also
contributes to pronation and supination.

Understanding the distinction between active and passive range of motion (ROM) is crucial. Active ROM
reflects the movement produced by the patient’s own muscular effort, whereas passive ROM is the
movement achieved when an examiner or device moves the limb without muscular contraction. These
concepts are used to identify contractures, joint stiffness, and muscular weakness.

Degrees of Freedom
Each joint possesses a certain number of degrees of freedom (DOF), which represent the independent
motions it can perform. For instance, the shoulder has three DOF, the elbow has one, and the wrist has two.
The cumulative DOF of the upper limb determines the overall versatility of the limb in performing tasks.
When evaluating a patient, the therapist must consider which DOF are limited and how these limitations
affect functional performance.
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Force Concepts
Force is a vector quantity that can be described in terms of magnitude and direction. In upper‑limb
biomechanics, several types of forces are routinely discussed. Compression forces push structures together,
such as the load transmitted through the wrist when gripping a heavy object. Tension forces pull structures
apart, exemplified by the stretch placed on the flexor tendons during finger extension. Shear forces act
parallel to a surface, as seen at the carpal ligaments when the wrist is deviated. Torque (or moment) is the
rotational equivalent of force and is generated when a force is applied at a distance from a joint’s axis of
rotation; the torque required to flex the elbow depends on the load held in the hand and the length of the
forearm.

Lever Systems
The upper limb utilizes lever mechanisms to amplify force or speed. Levers are classified into three classes
based on the relative positions of the fulcrum (joint), effort (muscle force), and load (resistance). The elbow
is a classic example of a first‑class lever, where the fulcrum is between the effort (biceps brachii) and the
load (hand weight). The wrist functions as a third‑class lever, with the effort applied proximal to the fulcrum
and the load distal, allowing rapid movement but requiring greater muscular force for the same load.
Understanding lever class assists the therapist in selecting appropriate strengthening protocols and in
predicting the mechanical advantage of orthotic devices.

Muscle Terminology
Muscles are described by their origin, insertion, action, and innervation. The origin is the proximal
attachment that remains relatively stationary during contraction, while the insertion is the distal attachment
that moves. For example, the brachialis originates on the anterior surface of the humerus and inserts on the
ulna, producing pure elbow flexion. Muscles are further categorized by their functional role: An agonist is
the primary mover, an antagonist opposes the agonist’s action, a synergist assists the agonist, and a fixator
stabilizes the joint to allow efficient movement. In a power grip, the flexor digitorum profundus acts as the
agonist, while the extensor digitorum serves as the antagonist, and the lumbricals function as synergists
that fine‑tune finger flexion.

Muscle Architecture
Key descriptors of muscle architecture include fiber length, pennation angle, physiological cross‑sectional
area (PCSA), and tendon length. A greater PCSA correlates with higher force‑producing capacity, which is
why the forearm’s flexor muscles have relatively large PCSA values. The pennation angle influences how
fiber force is transmitted to the tendon; a larger angle can increase the number of fibers in a given volume
but reduces the component of force directed along the tendon’s line of action. Therapists must consider
these architectural factors when prescribing resistance training, as changes in tendon length affect the
muscle’s length‑tension relationship and thus the optimal joint angle for force production.

Kinematics vs. Kinetics
Kinematics describes motion without reference to the forces that cause it, focusing on variables such as
displacement, velocity, and acceleration. In clinical practice, kinematic analysis may involve tracking the path
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of a fingertip during a precision task using motion capture. Kinetics, on the other hand, examines the forces
and moments that produce motion, such as calculating the joint reaction forces at the wrist during a
load‑bearing activity. Both perspectives are essential for a comprehensive assessment; kinematic deficits
may indicate altered movement patterns, while kinetic deficits highlight underlying strength or stability
issues.

Stress, Strain, and Material Properties
When a force is applied to a biological tissue, it experiences stress (force per unit area) and strain
(deformation relative to original length). Tendons exhibit a characteristic stress‑strain curve with an initial
non‑linear “toe” region, followed by a linear elastic region, and finally a plastic region where permanent
deformation occurs. The slope of the linear region defines the tendon’s modulus of elasticity, a measure of
stiffness. Understanding these material properties enables therapists to predict how tissues will respond to
loading, to avoid over‑stretching that could lead to micro‑tears, and to design progressive loading
programs that promote tissue remodeling.

Viscoelastic Behavior
Soft tissues such as ligaments, tendons, and muscle exhibit viscoelasticity, meaning they possess both
elastic (instantaneous) and viscous (time‑dependent) properties. Two important phenomena are creep and
stress relaxation. Creep occurs when a constant load causes a tissue to gradually elongate over time, while
stress relaxation describes the decrease in internal stress under a constant deformation. Clinical implications
include the need for sustained stretching to achieve lasting lengthening and the recognition that rapid,
high‑velocity movements may generate higher peak stresses than slower motions.

Joint Stability
Stability is the ability of a joint to maintain its congruency under physiological loads. The shoulder, for
example, relies on a combination of static stabilizers (capsular ligaments, glenoid labrum) and dynamic
stabilizers (rotator cuff muscles) to resist translation. The elbow’s primary static stabilizers are the medial
(ulnohumeral) and lateral (radial collateral) ligament complexes, while the biceps brachii provides dynamic
stability during flexion. In the wrist, the scaphoid, lunate, and triquetrum are supported by the intrinsic
ligaments and the extrinsic flexor and extensor tendons. When assessing a patient, the therapist must
differentiate between instability caused by ligamentous laxity and that resulting from muscular weakness, as
the treatment strategies differ markedly.

Functional Grip Types
Grip is a fundamental hand function that can be classified into several types, each with distinct
biomechanical demands. A power grip involves the whole hand wrapping around an object, requiring
coordinated activation of the flexor digitorum profundus, flexor digitorum superficialis, and thenar muscles,
along with wrist extension to provide a stable platform. A precision grip utilizes the thumb and one or more
fingers to manipulate small objects; this grip relies heavily on fine motor control, intrinsic hand muscles, and
the ability to generate low‑force, high‑accuracy movements. The pinch grip (e.G., Lateral pinch) engages the
thenar eminence and the index finger, demanding strong opposition and adequate thumb positioning.
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Understanding the mechanical requirements of each grip type assists the therapist in selecting outcome
measures such as pinch dynamometry and in tailoring exercise programs to restore specific functional
capacities.

Measurement Tools
Accurate quantification of biomechanical variables is essential for evidence‑based practice. Goniometry is
the most common method for measuring joint angles, providing data on active and passive ROM.
Dynamometry measures force output, typically using a hand‑held device to assess grip strength, pinch
strength, and isometric muscle force at various joint positions. Isokinetic testing evaluates muscle
performance across a range of speeds, offering insight into torque‑velocity relationships. Emerging
technologies such as wearable inertial sensors and surface electromyography (sEMG) enable real‑time
monitoring of movement patterns and muscle activation, facilitating more precise biomechanical analyses.

Loading Patterns and Injury Mechanisms
Upper‑limb injuries often arise from repetitive loading, excessive force, or sudden impact. Tendinopathies,
such as lateral epicondylitis, result from repetitive eccentric loading of the extensor carpi radialis brevis,
leading to micro‑tears and collagen degeneration. Overuse of the flexor tendons can cause tenosynovitis,
where repeated flexion under load increases tendon sheath pressure and reduces gliding efficiency. Nerve
compression syndromes, such as carpal tunnel syndrome, develop when sustained flexor tendon loading
raises intracarpal pressure, compromising the median nerve. Understanding the biomechanical origins of
these pathologies guides the therapist in prescribing activity modification, ergonomic adjustments, and
targeted loading regimes to promote tissue healing while preventing recurrence.

Orthotic Principles
Orthoses are external devices designed to modify biomechanical conditions, providing support,
immobilization, or functional assistance. The principle of force redistribution is employed in wrist splints that
limit ulnar deviation, thereby reducing stress on the triangular fibrocartilage complex. Dynamic splints apply
a low‑magnitude, prolonged stretch to improve joint range, exploiting the viscoelastic creep behavior of
capsular tissues. In contrast, static orthoses immobilize a joint to protect healing structures, but prolonged
use can lead to stiffness due to loss of tissue extensibility. The therapist must balance the need for
protection against the risk of disuse atrophy, selecting orthotic designs that allow controlled motion when
appropriate.

Exercise Prescription and Loading Strategies
Effective rehabilitation hinges on applying the correct magnitude, frequency, and duration of load to
stimulate tissue adaptation without causing overload. The principle of progressive overload dictates that
resistance should be incrementally increased as the patient’s strength improves, ensuring continued
stimulus for hypertrophy and neural adaptation. For tendon rehabilitation, eccentric loading has been
shown to promote collagen realignment and improve tensile strength, making eccentric wrist extensors a
key component of protocols for extensor tendinopathies. Conversely, low‑load, high‑repetition exercises
may be more suitable for early phases when pain limits high‑intensity work. The therapist must also
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consider the joint’s length‑tension relationship, prescribing exercises at joint angles where the muscle can
generate optimal force while avoiding excessive stretch that could compromise tissue integrity.

Biomechanical Modeling
Computational models provide a framework for predicting joint forces, muscle activation patterns, and the
effects of surgical or orthotic interventions. Inverse dynamics analysis uses measured motion data to
calculate net joint moments, which are then distributed among muscles based on optimization criteria such
as minimizing metabolic cost. Forward dynamics models simulate how a given muscle activation pattern
produces movement, allowing the therapist to explore the impact of altered muscle strength on functional
tasks. While these models are powerful, they rely on accurate input parameters, including segment mass,
joint center locations, and muscle moment arms; errors in these variables can lead to misleading
conclusions. Therefore, clinicians should interpret model outputs within the context of clinical findings and
use them as adjuncts rather than replacements for hands‑on assessment.

Challenges in Clinical Application
Translating biomechanical concepts into everyday practice presents several challenges. First, the complexity
of human movement means that simplifying assumptions (e.G., Treating the forearm as a rigid link) may
overlook subtle contributions of soft‑tissue deformation. Second, inter‑individual variability in anatomy—
such as differences in humeral head offset or forearm muscle architecture—requires therapists to
individualize assessment and treatment plans. Third, measuring internal joint forces directly is invasive;
clinicians must rely on indirect methods like surface EMG and external force plates, which provide only
approximations. Finally, patient adherence to loading protocols can be inconsistent, especially when
exercises are perceived as painful or overly demanding. Addressing these challenges involves continuous
education, use of technology to enhance measurement accuracy, and employing motivational strategies to
improve compliance.

Key Vocabulary Summary
The following list consolidates the most frequently encountered terms, each paired with a concise definition
to reinforce understanding. Abduction – movement of a limb away from the mid‑line in the frontal plane.
Adduction – movement toward the mid‑line. Angular Velocity – rate of change of joint angle over time.
Arthrokinematics – subtle joint surface motions (e.G., Roll, glide) that accompany gross movements.
Biomechanical Advantage – benefit gained from optimal lever arm length or muscle orientation. Capsular
Ligament – thickened portion of the joint capsule that provides static stability. Creep – time‑dependent
elongation under constant load. Degrees of Freedom – number of independent movements a joint can
perform. Eccentric Contraction – muscle lengthening while generating force. Flexion – decrease in the angle
between two bones. Force Plate – device that measures ground reaction forces, used in kinetic analysis.
Gliding – translational movement of joint surfaces. Isometric Contraction – muscle activation without
change in length. Kinetic Chain – interconnected series of joints and segments that transmit forces.
Load‑Bearing – activity where the limb supports body weight or external resistance. Moment Arm –
perpendicular distance from the joint axis to the line of action of a force. Muscle Tone – continuous

Read online: https://certificates.gsbf.co.uk/guides/4926911/
biomechanics-of-the-upper-limb

Greenwich School of Business and Finance · 01 Aug 2026



G U I D E

low‑level contraction present at rest. Passive Stiffness – resistance to stretch when muscles are relaxed.
Pinch Grip – opposition of thumb and finger to hold a small object. Pronation – rotation of the forearm so
the palm faces posteriorly. Radial Deviation – movement of the wrist toward the thumb side. Repetition –
number of times a movement is performed within a set. Stress – internal force per unit area within a
material. Strain – deformation relative to original length. Supination – rotation of the forearm so the palm
faces anteriorly. Torque – rotational force around an axis. Ulnar Deviation – movement of the wrist toward
the little‑finger side. Viscoelasticity – combined elastic and viscous behavior of soft tissues.

Practical Integration
When assessing a patient with limited elbow flexion, the therapist first measures active and passive ROM
using a goniometer, noting any pain or end‑feel. The next step involves identifying contributing factors:
Muscle weakness, capsular tightness, or joint incongruity. If the biceps brachii is found to be weak, a
progressive resistance program is initiated, beginning with low‑load isometric contractions at 90° of flexion,
where the length‑tension relationship is optimal. Concurrently, a static elbow splint may be applied to
maintain the joint in a slightly flexed position, preventing excessive stretch of the anterior capsule and
thereby reducing the risk of contracture. As strength improves, eccentric loading is incorporated by having
the patient lower a weight slowly from full flexion to extension, capitalizing on the beneficial effects of
eccentric training on tendon remodeling.

In a case of lateral epicondylitis, the therapist evaluates grip strength, assesses the load‑bearing capacity of
the wrist extensors, and observes the patient’s technique during repetitive wrist extension tasks. The
biomechanical analysis reveals that the patient’s forearm is pronated, placing the extensor carpi radialis
brevis under increased tensile stress. To modify this loading pattern, the therapist introduces a
counter‑force orthosis that restricts pronation while the patient performs eccentric wrist extension exercises.
This approach reduces the peak tensile force on the tendon, allowing healing while preserving functional
use of the hand.

For a patient with carpal tunnel syndrome, nerve conduction studies may confirm median nerve
compression, but the biomechanical perspective emphasizes the relationship between flexor tendon loading
and intracarpal pressure. The therapist advises ergonomic modifications that limit repetitive forceful
gripping, recommends wrist positioning that maintains the neutral alignment (reducing flexor tendon
excursion), and prescribes nerve gliding exercises to promote mobility. A dynamic wrist splint is sometimes
employed to maintain neutral alignment during activities, thereby decreasing compressive forces on the
carpal tunnel.

Future Directions
Advancements in imaging, such as high‑resolution ultrasound elastography, are enabling direct
measurement of tendon stiffness and strain in vivo, providing objective data to guide rehabilitation
intensity. Wearable inertial measurement units (IMUs) are becoming more affordable, allowing clinicians to
capture three‑dimensional joint kinematics in everyday environments, thereby bridging the gap between
laboratory analysis and real‑world function. Machine‑learning algorithms are being trained on large
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datasets of movement patterns to predict injury risk, offering the potential for early intervention. As these
technologies mature, the vocabulary surrounding them—terms like “algorithms,” “feature extraction,” and
“predictive modeling”—will become integral to the hand therapist’s toolkit, complementing traditional
biomechanical concepts.

Integrating Biomechanics into Clinical Reasoning
A systematic approach to clinical reasoning incorporates biomechanical analysis at each decision point.
First, identify the functional task the patient struggles with (e.G., Lifting a cup). Next, decompose the task
into its component movements and forces, noting the joints involved, the required DOF, and the muscular
demands. Then, assess the patient’s capacity in each component, using appropriate measurement tools to
quantify ROM, strength, and tissue quality. Compare these findings with normative data to pinpoint deficits.
Finally, design an intervention that addresses the identified biomechanical gaps, selecting exercises,
orthoses, or activity modifications that restore optimal force transmission, joint stability, and movement
efficiency. Throughout this process, clear communication using the standardized terminology outlined
above ensures that all members of the multidisciplinary team share a common understanding of the
patient’s biomechanical status and therapeutic goals.

Conclusion (omitted as per instruction)
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