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ABSTRACT
Background: To establish an objective evaluation of basic physiotherapy technique, we recorded a mechanical aspect 
during a lateral weight-shifting (WS) using gravicorder.
Methods: Subjects were 18 physiotherapists divided into three groups based on experience year. Our originally 
developed software converted center of gravity data during WS to 3-dimensional mechanical value. 
Results: All direction data showed significantly lower in the long experience year group (p<0.05). The coefficient of 
variation was high vertical for all three groups. 
Conclusion: In the group with more years of experience, it was confirmed that it was compactly implemented. In the 
vertical direction, it is thought to be implemented by empirical rules because there is no constant normal pattern or 
common recognition among physiotherapists.
Keywords: physiotherapy, education, weight-shifting guidance, weight-bearing exercise, physiotherapy education, 
years of experience.
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INTRODUCTION
In Japan’s current clinical physiotherapy situation, staff 
education has become insufficient by a rapid increase 
in the number of new physiotherapists and a 365-day 
rehabilitation providing system initiative. Therefore, 
it is challenging to evaluate physiotherapy techniques 
objectively, and the student and staff instruction is often 
carried out based on the experience and subjectivity of the 
individual teacher or senior physiotherapist. And in recent 
years, there have been an increasing number of situations 
in which teachers and department administrators with 
little clinical experience are required to provide technical 
guidance. On the other hand, because physiotherapy 
services provide under the public insurance system by 
the same fee in Japan, it has become an issue to ensure 
the quality of basic physiotherapy services at a minimum 
level since a wide range of physiotherapists, from those 
with considerable clinical experience to new graduates, in 
clinical practice. Therefore, it is needed to establish a method 
for objective evaluation and instruction of physiotherapy 
techniques in school and clinical physiotherapy education.
In this study, as a preliminary step to the quantification 
of basic physiotherapy skills, which will contribute to the 
objective evaluation and guidance of basic physiotherapy 
techniques and provide a basis for ensuring the quality of 
physical therapy, we aimed to clarify a mechanical aspect 
during the guidance of lateral weight-shifting (Figure 
1) as one of the basic physiotherapy techniques using 
gravicorder.

METHODS
Subjects were 18 physiotherapists: average age and years 
of therapists’ experience of 25.9 ± 3.4 and 2.4 ± 1.6 years, 
respectively. They were divided into three groups (A, B, C) 
of 6 people, each based on years of therapists’ experience. 
The experience year of groups A, B, and C was one year 
only, two years only, and more than 3 (mean: 4.2 (3-7)) 
years, respectively (Table 1).  

Table 1. Mean age and years of experience in each 
group.

Group Age Years of experience
A (n=6) 26.0±3.8 1
B (n=6) 24.5±0.8 2
C (n=6) 27.2±4.4 4.2±1.5 (3-7)

Incidentally, subjects were selected from only one hospital 
because our previous study concluded that weight-shifting 
pattern was affected by the institution they worked [1]. 
All study tasks were carried out in accordance with the 
Declaration of Helsinki. Before the experiment, according 
to the decision about the ethical review of the board 
meeting of the hospital belonged all subjects, we explained 
in advance the outline and invasion of this experiment and 
the presence/absence and form of publication and then 
conducted subjects who obtained written consent to the 
purpose of this experiment.
The experiment was performed following conditions 
(Figure 2). 

1. Equipment:
Gravicorder (JK-101Ⅱ, UNIMEC Co.Ltd.)

2. Guidance of weight-shifting and -bearing
1) Maneuver:
Bilateral manual guidance from the posterior side at the 
lateral part of the pelvis. Maximal weight-bearing on lateral 
lower extremity without contralateral lower extremity 
getting off the floor 
2) Procedure
Start position: upright position (static standing).
Shifting from upright standing to right direction → to 
upright → to left direction → upright, repeated for 1 minute 
with free velocity.
3. Recorded and analyzed data
X, Y, and Z values, indicating positional information, which 
changes depending on the weight shift, were calculated 
using the originally developed software. X, Y, and Z are 
numerical values calculated based on the values of a center 
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of pressure, a floor reaction force, and an acceleration 
obtained from the gravicorder in three dimensions (X is 
left and right, Y is front and back, and Z is up and down). 
In addition, a numerical value of the body’s position 
of a healthy male during weight-shifting and -bearing 
was recorded as control sample data. An average value 
and coefficient of variation of the maximum value were 
compared among the three groups. The Tukey method was 
used to compare statistically, and a significance level was set 
at less than 5%. In addition, the value of voluntary lateral 
weight-shifting and -bearing by a healthy person was also 
calculated and compared with results for each group.
RESULTS
The mean of the maximum values of X, Y, and Z was 
significantly lower in group C than in groups A and B for 
all of X, Y, and Z. In particular, the value of X tended to be 
significant in groups A and B (Table 2). Compared with 
healthy person data, X showed a high value in all three 
groups, and there was no particular difference between Y 
and Z. However, the coefficient of variation was high in Z 
for all three groups (Table 3).

Table 2. Mean of the maximum values of X, Y, and Z

X Y Z
Group A 377.3±35.0 93.5±7.5 45.3±21.7
Group B 371.0±31.5 94.4±8.7 55.2±23.5
Group C 249.7±46.7* 64.3±12.2* 37.0±18.4*

Active motion
(Healthy, n=1) 180.5 87.8 15.1

*: p<0.05, Group C vs. Group A, B
Table 3. Coefficient of variation of X, Y, and Z

X Y Z
Group A 9.3 8.0 48
Group B 8.4 9.2 42
Group C 18.7 19 50

DISCUSSION
Few studies have been conducted on differences in 
technology and thinking to years of healthcare experience. 
Studies in nursing have reported that newer faculty tended 
to have more positive attitudes toward the increased use 
and adoption of technology than more experienced faculty 
[2]. Fujino et al. [3] pointed out cases in which performance 
increases or does not increase with years of experience 
based on The Emotional Intelligence (EI) Scale and 
nursing performance. There, it was reported that there was 
a significant positive correlation between EI and nursing 
performance, that nurses with high EI actively improved 
their nursing skills and that their nursing performance 
improved with experience, and that nurses with low 
situational judgment skills showed no improvement in 
nursing performance with experience. A study in cardiac 
surgeons using mortality from reoperation as an indicator 
reported that as experience increased, outcomes improved 
through the first two career decades, then stabilized in the 
third decade before declining in the fourth decade [4]. 

There are even fewer reports on experience differences 
for physical therapists; Slade et al. [5] reported that the 
main characteristics of proficient physical therapists are 
high levels of skill, training, and experience and a broad 
scope of practice. A study examining differences in joint 
range of motion measurement results due to differences 
in examiner’s experience and knowledge and differences 
in measuring instruments reported statistically significant 
differences in accuracy but not clinically meaningful 
differences [6].
In physiotherapy, no research has revealed differences 
in physiotherapists’ skills depending on their years of 
experience. Moreover, no research report quantitatively 
demonstrates basic physiotherapy techniques. Therefore, 
this study is thought to be highly novel in that it 
quantitatively demonstrates the basic technique of 
physiotherapy and attempts to clarify the differences 
in skills among physiotherapists with different years 
of experience. Therefore, it can be realizing effective 
instruction in the education of basic physiotherapy through 
an evaluation and a visualization of the physiotherapy 
technique using objective equipment. Furthermore, for 
an objective verification to clarify the weight-shifting and 
-bearing technique, which is one of the basic physiotherapy 
techniques, we tried to describe the mechanical aspect 
during weight-shifting and -bearing exercise using the 
gravicorder in this study. For the achievement of the 
purpose of this study, we use the original parameter 
recorded from a gravicorder, which was calculated from 
the location change of a center of foot pressure, and it is like 
a vector quantity, and the variation of its value compared in 
among the years of experience of a physiotherapist.
As a result of the mean of the maximum values of X, Y, and Z, 
depending on the years of experience of a physiotherapist, 
it was clear that there were differences in the lateral weight 
guiding on standing position, which is a relatively simple 
technique. As a result, in a longer group (Group C) with 
years of experience, it was clear that all indices became less 
than those of other groups in the lateral weight guiding on 
standing position, which is a relatively simple technique, as 
for the reason why this, it was thought that the longer years 
physiotherapist seeks the more compact method. On the 
other hand, compared with a weight-shifting and -bearing 
the pattern of a normal healthy subject as a control data, 
all indices in all groups become larger. This result led that, 
in the first place, physiotherapists tended to move larger in 
the therapeutic situation with an overdoing of an emphasis 
on a normal pattern. 
As a result of the coefficient of variation of X, Y, and Z, the 
coefficient of variation of Z was tended to larger than other 
values in all groups. This result suggested that the method 
of vertical guidance, which was how to bear the weight to 
a lateral lower extremity and what distance was moved, 
were not commonly recognized by physiotherapists, and 
a method of a vertical guidance was especially dependent 
on their own experience and their post-graduate training. 
Our previous study1) has shown that there is not 
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necessarily a correlation between years of experience and 
skills as a physical therapist for those with more than six 
years of experience. However, in this study, differences in 
mechanical dynamics during weight-shifting and -bearing 
exercises were found between those with one or two 
years of experience and those with four or more years of 
experience. This result corroborates and further elaborates 
on the results of our previous study.
CONCLUSION
There was a difference in the guidance of lateral weight-
shifting and -bearing depending on years of experience. 
The lateral value (X) was increased in all the groups 
because the lateral guidance was the task itself and was 
emphasized more than the pattern of a healthy person. 
In the vertical direction, it is thought to be implemented 
by empirical rules because there is no constant normal 
pattern or common recognition among physiotherapists. 
An important point, this study was performed in a single 
affiliation. Because subjects were thought to be instructed 
by the same concept, the influence of an experience year 
might become more precise.
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