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Relationships between muscle hardness values measured
by a handheld tissue hardness meter for the spastic muscle
and Modified Ashworth Scale or Pendulum Test

-An investigation in patients with stroke using multiple regression analysis-

Kazunori Morozumi, Masaaki Hanaoka, Katsuyuki Morishita
Yuka Yokoi, Hironori Ohsugi, Ken Yanagisawa

Abstract

This study aimed to clarify the relationship between muscle hardness values in the spastic muscle
and spasticity assessment scales by using multiple regression analyses. It also considered the issues
regarding inter-subject comparison of spasticity assessed by a handheld tissue hardness meter.

Fifteen patients with hemiplegia (four females and eleven males), including 12 of cerebral
infarction, 2 of hemorrhage and 1 of subarachnoid hemorrhage, participated in this study. Eight and
seven of them showed right and left side hemiplegia, respectively. The targeted muscle was the rectus
femoris muscle at the paralyzed side, and the muscle hardness was measured by a handheld tissue
hardness meter. The spasticity assessment scales included the Pendulum Test (P-test) and the Modified
Ashworth Scale (MAS). As other outcomes to evaluate the paralyzed conditions, the Brunnstrom stage,
deep tendon reflex of the quadriceps muscle and the Babinski reflex were assessed. Statistical analysis
was performed using two stepwise multiple regression analyses; the first analysis was used to predict
the probability of muscle hardness for a dependent variable based on independent variables including
all other outcomes with individual characteristics. The second analysis set the MAS as a dependent
variable and all other outcomes as independent variables.

P-test and MAS contributed significantly to the explanation of muscle hardness in the first multiple
regression analysis (P<0.01). The second analysis showed that the muscle hardness was the only variable to
contribute significantly to the MAS (P<0.01). Since only the MAS was accounted for by the muscle
hardness, it could be considered that the muscle hardness values present the conditions of spastic muscles.

In regard to the inter-subject comparison of spasticity, some issues were clarified to consider in
examining the amount of muscle tonicity change. When the muscle hardness and tonicity particularly
assessed by a handheld tissue hardness meter, it is necessary to adjust differences due to the individual

variability and eliminate potential sampling bias.

Key words: Spastic muscle, Quantitative evaluation, Handheld tissue hardness meter,

Spasticity assessment scales, Multiple regression analysis
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