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Abstract of Dissertation 
 

Hand-guided powered equipment is a common source of occupational hand-arm vibration 
(HAV). In the Philippines, a hand tractor has been found to transmit excessive level of vibration to 
the farmers. Extended exposure to such vibration can have serious and permanent effects to 
fundamental hand and arm functions commonly known as the hand-arm vibration syndrome 
(HAVS). The general objective of this dissertation is to provide new and holistic insights on the 
physiological stress caused by the cumulative effects of HAV, sustained grip force levels, and two 
forearm postures commonly applied when operating a dual-handle guided equipment. The main 
objectives are to characterize the effects on physiological responses and hand functions of 
short-term HAV: (1) with unmonitored and self-imposed grip force and neutral forearm, (2) with 
sustained moderate grip force and neutral forearm, and (3) with mild and hard grip forces on two 
forearm postures. The final objective is to determine the influence of implementing various handle 
shapes and surface profiles on reducing the harmful effects of HAV. 

A preliminary study exploring short-term HAV with unmonitored and self-imposed grip force 
demonstrated declined forearm muscle activities during grip strength test and higher shoulder 
discomfort. Nonetheless, to clearly determine the distinctive contribution of vibration, grip level, and 
posture, the succeeding studies monitored and imposed constant force exertion and forearm 
posture for each task duration. The first study found that 5-min vibration exposure with sustained 
moderate grip and neutral forearm leads to temporary reduction of middle finger sensitivity, 
hand-arm discomfort, and reduced ability to grip consistently. The second study discovered that the 
cumulative effects of consistently gripping hard on pronated forearm instigates higher wrist 
transmitted vibration, higher proximal arm discomfort, and lower finger flexors activity through time 
than hard grip on neutral forearm or mild grip on either forearm posture. Finally, the third study 
demonstrated that circular and double-frustum handles prompt lower transmissibility and lower grip 
strength reduction than elliptic handle, while patterned surface profile on elliptic-shaped reduces 
ring and small finger sensitivity, increases hand area discomfort, and decreases grip comfort. 

These findings imply that: (1) short-term HAV exposure can stimulate the onset of peripheral 
neuropathy and musculoskeletal disorders that may result to temporary grip impairment, (2) grip 
force level can directly influence the progression of HAVS seen on reduced grip strength and 
increased upper limb discomfort, (3) poor forearm posture combined with forceful movement can 
instigate early development of upper limb musculoskeletal injuries, and (4) handle shape can 
influence force exertion while surface profile can affect sensation and comfort. In conclusion, the 
development of HAVS can be controlled through preventing intense force exertion even during 
short-term HAV exposure, consideration of appropriate forearm posture in cases that require 
forceful hand-arm movements, and implementation of smooth-textured handle grip that reduces the 
hand and handle contact stress. 
 
 


