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ABSTRACT 

 Objectives: The main purposes of this study were to investigate the 

characteristics of delayed onset of muscle soreness (DOMS), and determine the 

prophylactic effect of the physical interventions [proprioceptive neuromuscular 

facilitation (PNF) stretching, massage, hot pack, and sauna] on the symptoms of 

muscle damage induced by eccentric exercise (or DOMS) of the wrist extensors. 

Methods: Twenty-five healthy males, mean age of 20.6 ± 1.3 years, 

participated in the studies of reliability and DOMS characteristics.  Eccentric 

exercises of wrist extensors were conducted on the non-dominant arm by using an 

isokinetic device.  All subjects were tested to examine muscle damage’s 

characteristics on sensory-motor functions.  Sensory-motor functions include pain 

intensity [Visual Analogue Scale (VAS) and Modified Likert scale (LS)], thermal 

pain threshold [i.e., cold pain (CPT) and heat pain (HPT)], pressure pain threshold 

(PPT), vibration sense (VIB), range of motion in active wrist flexion (ROM-AF) and 
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extension (ROM-AE), range of motion in passive wrist flexion (ROM-PF) and 

extension (ROM-PE), joint position error sense (JPE), choice response time (CRT), 

grip strength (GS), and wrist extension strength (WES) at baseline, immediate and 

from 1st to 14th days after the exercise-induced muscle damage.  For the prophylactic 

effect of the intervention parts, seventy healthy males, mean age of 20.8 ± 1.4 years 

were participated.  A randomized experimental-controlled design was employed.  The 

subjects were randomly divided into the PNF stretching (n=14), massage (n=14), hot 

pack (n=14), sauna (n=14) and the control (n=14) groups.  In each study, an 

application of PNF stretching, massage, hot pack, or sauna was applied before an 

induction of the eccentric exercise.  The exercise induction consisted of passive 

extension and eccentric contractions of the wrist extensor on the non-dominant arm 

using an isokinetic dynamometer (5 sets of 60 maximal effort eccentric contractions 

of the wrist extensors at a velocity of 25o/s).  The potential sensory perception and 

motor function were dependent variables in the studies including pain intensity (VAS 

and LS), thermal pain threshold [cold pain (CPT)], pressure pain threshold (PPT), 

range of motion in active wrist flexion (ROM-AF) and extension (ROM-AE), range 

of motion in passive wrist flexion (ROM-PF) and extension (ROM-PE), grip strength 

(GS), and wrist extension strength (WES) at baseline, immediate after exercise and 1 

to 8 days following the exercise.

Results: For the reliability part, the result showed that most of measurements 

excepted for the JPE were reliable and could be used to determine effects of the 

preventative interventions for the wrist extensors.  The study of DOMS characteristics 

demonstrated that pain intensity increased after exercise which peaks at day 1, and 

recovered back to the baseline within 7 days.  CPT and PPT appeared to be more 
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sensitive during the pain period.  ROM and muscles strength significantly decreased 

immediately and also remained many days later after exercise.  However, the outcome 

measures of HPT, VIB, JPE, and response time did not seem to be obvious in the 

findings.  The results of the preventative interventions showed that the PNF group 

demonstrated a lesser deficit in some sensory-motor functions than the control group.  

There were significantly better on CPT, ROM, pain-free grip and wrist extensor 

strengths under the PNF group in comparison to the control (p< 0.043).  The massage 

group showed a trend of less pain intensity than that of the control group.  There were 

significant difference in ROM-PF, ROM-PE and ROM-AF between control and 

massage groups during the following days post-exercise (p< 0.028).  Changes in PPT, 

ROM-PF, ROM-PE, ROM-AE and pain-free WES following exercise were 

significantly (p< 0.026) smaller for the hot pack group compared with the control 

group.  The sauna group significantly demonstrated a lower deficit in ROM (PF and 

PE), pain-free GS and WES following exercise than that of the control group (p<

0.022).

Conclusions: Maximal lengthening contractions of wrist extensors could 

induce muscle damages as demonstrated in pain severity, deficiency in CPT 

sensation, PPT, ROM and muscle strength.  The muscle damage has responded in 

both thermal and mechanical pain threshold similarly to the response in primary 

hyperalgesia.  This research result could be useful in considering the time course and 

measurement outcomes for studies related to the eccentric exercise-induced muscle 

damage of the wrist extensors.  In addition, the prior PNF stretching, massage, hot 

pack or sauna application could be useful for attenuating the signs and symptoms of 
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DOMS following eccentric exercise.  The application of heat seems to provide a 

superior result of prophylactic effects for DOMS.
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