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Abstract　
Objectives: This study aimed to determine the association between time to maximum reach in the floor test 

（henceforth referred to as floor reach test）, standing balance, muscle strength, and joint range of motion.
Method: We enrolled 29 hospitalized patients who could stand. We measured the time required to perform a floor 
reach test （henceforth referred to as floor time） to the front, healthy side, and impaired side. Furthermore, we 
measured standing balance test, Berg balance scale as an overall balance index, muscle strength of the trunk, lower 
limbs and the joint range of motion. We used Spearman’s rank correlation coefficient to select variables for the 
statistical analysis. Consequently, a canonical correlation analysis using floor time in three directions was used as 
the dependent variable to investigate trends among variables. Furthermore, we used multiple regression analysis to 
clarify factors influencing floor time in each direction.
Results: Floor time in three directions was related to standing balance, muscle strength, and joint range of motion. 
The Berg balance scale had a strong influence in all directions. 
Conclusion: The measurement of floor time may lead to a comprehensive understanding of standing balance ability.
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Introduction

 　In clinical practice, we often evaluate the 
balance of patients in a standing position who 
have loss of function in one lower limb, such as in 
cerebral vascular disease or a lower limb 
fracture. One method of assessing balance in the 
standing position （henceforth referred to as 
standing balance） is the reach test . The 
Functional reach test （FRT）, a reach test 
commonly used in clinical practice, indicates that 
a subject in the standing posture extends the 
upper limbs forward as horizontally as possible, 
and the longer the distance that can be extended, 
the better the standing balance 1）. In addition to 
the FRT, which is a one-way reach test, there are 
also the multi-directional reach test （MDRT） and 

four-directional functional reach test （FFRT）, 
which measure multi-directional reach in the 
standing position. These are related to many 
physical functions such as balance 2）, walking 3）, 
and social and physical activity skills 4）. On the 
other hand, in older women, FRT correlated with 
age and height, but not with Timed up and go 
test （TUG）, one leg stand, and 10m walking 
speed 5）, and MDRT did not correlate with TUG 
or other walking abilities 4）. It is questionable 
whether currently available reach tests truly 
reflect physical function and movement ability. 
Therefore, as a new reach test, we developed a 
maximum reach test to the floor （henceforth 
referred to as floor reach test） based on vertical 
body movements, such as picking up an object 
from the floor in a standing position （henceforth 
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 　This study aimed to determine the relationship 
between floor time and physical functions such as 
standing balance, muscle strength, and ROM, and 
to determine whether physical functions affected 
by reaching direction differ.

Participants
　 This study included 29 patients （7 men, 22 
women, average age 65.2±13.5 years） with 
asymmetrical lower l imb function due to 
orthopedic disease or cerebral vascular disease 
or medical diseases who were admitted to the 
Hirosaki City Hospital general ward for physical 
therapy between September 2014 and March 
2019. The inclusion criteria were those who could 
stand and walk independently without support 
or those who could walk with watching over. We 
excluded patients who had difficulty understand-
ing the purpose of the research and verbal 
instructions , those who were expected to 
experience medical disadvantage due to the 
study’s measurements, and those who could not 
bend down due to pain. Regarding the floor 
reach test movement , we did not confirm 
whether the test patient could complete the test.
　 This study was conducted in accordance with 
the Declaration of Helsinki and approved by the 
Ethics Review Board of Hirosaki City Hospital and 
Hirosaki University Graduate School of Medicine 
（reference number 2014-019）. Participants provided 
written informed consent after being informed of 
the purpose of this study, the voluntary nature of 
their participation, the freedom to withdraw 
consent, and the protection of their privacy. 

Methods

 　We defined the "impaired side" as the side 
with lower limb dysfunction due to disease, or 
the side most recently treated if there is more 
than one disease, or the side with the greater 

referred to as floor reach movement）. This test 
measures max imum forward reach and 
maximum lateral reach from the standing 
position to the floor. However, range of motion 
（ROM） of the joints is expected to be more 
related to the distance measured by the floor 
reach test than to standing balance. Therefore, 
we focused on the execution time of the floor 
reach test （henceforth referred to as floor time）. 
　 Tests that measure the time taken to perform 
motor tasks include the 10 m walk test, 360° 
rotation test, five times sit to stand test 6）, and 
four square step test 7）. For example, the time 
taken to walk 10 m at maximum speed is related 
to muscle strength, balance ability, and ROM of 
the lower limbs 8, 9）. Additionally, the 360° rotation 
test is related to static balance ability and 
walking speed in older adults 10）. If the time to 
perform a specific movement is related to 
physical functions, including standing balance 
ability and muscle strength, floor time may also 
be related to physical functions. Thus, if the time 
required to perform a certain action is related to 
physical functions such as standing balance and 
muscle strength, we believe that floor time may 
also reflect physical functions such as standing 
balance and muscle strength to a large extent. 
Furthermore, if there is a strong relationship 
between floor time and standing balance, it may 
be possible to evaluate standing balance more 
easily and in less time than measuring floor 
length. Thus, if the time required to perform a 
certain action is related to physical functions 
such as standing balance and muscle strength, 
then floor time may have a strong relationship 
with physical functions such as standing balance 
and muscle strength. Furthermore, if there is a 
strong relationship between f loor time and 
standing balance, it may be possible to assess 
standing balance more easily and in less time 
than measuring floor time. None of the previous 
studies on the reach test have measured the 
time to perform the reaching motion. 
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degree of dysfunction if there is bilateral 
dysfunction.
　 Before measuring the floor length, we taped 
2cm wide vinyl tape in a cross pattern on the 
floor. The participants placed the tips of their 
two feet on the horizontal line of the cross and 
stood with their legs 20 cm apart at the 
intersection of the cross. Next, using the upper 
limb on the same side as the lower limb on the 
healthy side without feet off the f loor, the 
participants were asked to reach forward on the 

vertical line of the tape attached to the floor 
（henceforth referred to as front floor reach）, and 
on the horizontal line towards the healthy side 
（henceforth referred to as healthy side floor 
reach） and towards  t he  impa i red  s ide 
（henceforth referred to as impaired side floor 
reach）. At this time, the participants were 
instructed to reach the floor as far as possible 
with their fingertips and then return to the 
standing position without touching the floor 
again. The examiner made a mark on the point 

a. Front floor reach

c. Impaired side floor reach d. Position of both feet

b. Healthy side floor reach

Figure 1　Methods for floor reach test
 The figure shows the left side of the participant as the impaired side．
 a-c: The solid line indicates floor length．
 d: Position of both feet with legs opened 20 cm.
 Floor reach test: The maximum reach in the floor test
 Floor length: The length to maximum reach in floor test
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touched by the fingertip and measured the 
distance from the intersection of the cross tapes 
to the mark （Figure 1）. The participants were 
instructed to extend in each direction for the 
measurements, after practicing beforehand. 
Sufficient rest time was provided between 
attempts depending on the level of fatigue. 
Participants were asked to perform the floor 
reach test at a speed that they could perform 
stably and were instructed not to stop during 
each reach. The participants were asked to wear 
a waist belt during the measurement and the 
examiner held the belt gently to prevent them 
from falling, ensuring that it did not interfere 
with the participant's movements.
 　Participants failed the floor reach test if the 
participant was assisted by the examiner when 
the participant's body was unable to maintain 
standing balance, if any part of the body touched 
the floor other than the fingertips, when the 
fingertips touched the floor two or more times, 
or if the participant recoiled to stand by pushing 
the floor with the fingertips.
　 Before this study, we confirmed the intra-
examiner reliability of the floor reach test in 14 
hospitalized patients when measured three times 
in each of the three directions. The result shows 
confirmed that it showed high intra-examiner 
reliability in all three directions. The intraclass 
correlation coefficient ICC （1, 1） was ρ=0.75 to 
0.95, and the number of repeated measurements 
required to exceed ρ 0.81 11） was two or more 
in each direction.

 　The floor reaching time was measured using 
a video of the subject performing the f loor 
reaching test, recorded with a digital video 
camera （DVTR, Sony WX70, Japan）. The DVTR 
attached to a tripod was placed horizontally. The 
DVTR was set to the maximum wide-angle 
setting, and the height of the lens was adjusted 
to the height of the participant’s greater 

trochanter. The DVTR was installed at a distance 
where the whole body of the participant could be 
seen on the imaging screen during the floor 
reach test. The captured video file was imported 
to a computer and played back, and the floor 
time was measured. Floor time was defined as 
the time from when the examiner gave the 
command to start until the patient returned to 
the standing position after touching the floor and 
came to rest, and was measured in 1/100 s using 
a stopwatch.

　 Standing balance was measured by one-leg 
standing time, FRT, and Timed up and go test 
（TUG）. Taguchi et al.12） summarized the test 
based on the balance ability classified by Hoshi 13）. 
We also measured the BBS 14） as a comprehensive 
assessment of standing balance ability.
1) One leg standing time
　 The test posture was one-legged standing 
with both hands on the waist and one leg raised 
approximately 5 cm from the floor, and the 
holding time was measured in 1/100s using a 
stopwatch. Measurements were performed 
thrice, with the longest measurement time being 
120 s. During the measurement, the participant 
was asked to gaze at a viewpoint （mark） placed 
at eye level on a wall approximately 1.5 m away. 
Measurement ended when the raised foot 
touched the support leg or the floor, when the 
support leg shifted, or when both hands or one 
hand placed on the waist moved away from the 
waist.

2) Functional reach test
 　We aligned the tape measure with the height 
of the participant's acromion and fixed it on the 
wall in preparation for the test. Measurements 
were carried out in accordance with the method 
of Duncan et al.1）, with the participants standing 
natural ly barefoot and facing 90° to the 
aforementioned wall.
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　 As for the starting limb position, the shoulder 
joint of the limb to be measured was flexed at 
90°, the elbow joint was extended, the forearm 
was pronated, and the participant’s fingers were 
lightly grasped. Next , the participant was 
instructed to reach as far forward as possible 
along the tape measure fixed at shoulder height 
without changing the support base. The position 
of the end of the middle finger in the state of 
maximum reach （end l imb posit ion） was 
marked. The measured value was the distance 
from the starting limb position to the end limb 
posit ion . FRT was repeated thrice a fter 
practicing twice.

　
 　Measurements were performed according to 
the methods of Podsiadlo et al.15） and Eekhof et 
al.16）.  A chair with no armrest with a height of 
45 cm and a maker cone were placed 3 m apart. 
The participants were seated in chairs with the 
back of their trunk in contact with the backrest. 
At the signal, the participants rose from the 
chairs, walked at maximum speed to the cone, 
went around the cone, returned to their chairs, 
and sat down again. A stopwatch was used for 
measurement in units of  1/10 0 s .  Time 
measurements was repeated thrice and a rest 
period of at least 30 s was provided between 
each measurement. Those who used a cane 
when walking were allowed to use it.

4) Berg balance scale
 　The BBS by Berg et al .14） includes the 
following 14 items: sitting to standing position, 
maintaining standing position, sitting position 
with feet on the floor, standing to sitting position, 
transfer, maintaining standing position with eyes 
open, maintaining standing position with eye 
closed, forward reach, picking up things from the 
floor, looking behind over the left and right 
shoulders, 360° turn, putting feet on the table, 
tandem standing position, and one-leg standing 

position. Each item was scored on a five-point 
scale from 0‒4 points. The total score （maximum 
of 56 points） of all 14 items was evaluated. The 
higher the score, the better the overall standing 
balance.

4. Muscle strength test
1) Knee joint extension muscle strength
 　Isometric maximum muscle strength was 
measured according to the method of Kato 17）. 
The limb positions for measurement were as 
follows: Participants sat on the edge of a seat 
with their heels apart, their trunks were kept 
vertical, and their hands were placed on the seat 
on either side of their trunks. A manual muscle 
strength meter （Nippon Medix, Micro FET） was 
applied to the front of their lower legs at the 
level of the upper edge of the medial malleolus 
and was fixed to the leg of a chair with a belt. 
The participants were instructed to extend their 
knees and apply maximum force gradually and 
were asked to perform a maximum contraction 
for 3 s. After sufficient practice, measurements 
were taken thrice on the left and right sides. A 
rest period of at least 30 s was provided between 
measurements. The knee extension torque was 
determined by multiplying the length of lower 
leg and the measurement value with the trunks. 
A manual muscle strength meter.

2) Trunk extension muscle strength
 　Isometric maximum muscle strength was 
measured according to the wall compression 
method of Endo et al.18）. The participants were 
seated with their backs facing a wall, and a 
manual muscle strength meter was fixed between 
the participant’s 7th thoracic vertebrae and the 
wall. The participants were instructed to stretch 
their trunks and gradually increase their 
strength, as if pushing against a wall with their 
backs, and were asked to perform a maximum 
contraction for 3 s. During the measurement, 
care was taken to ensure their buttocks were not 
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lifted. After sufficient practice using this method, 
measurements were taken thrice. A rest period 
of at least 30 s was provided after each 
measurement. 

　 The ROM of forward bending of the trunk, 
rotation of the thoracolumbar region, flexion of 
hips, flexion of knee joints, and dorsiflexion of 
ankle joints was measured using a goniometer and 
tape measure. All measurements were performed 
by two physical therapists, including the first 
author. The measurement method was based on 
the "Range of Motion Display and Measurement 
Method''19） by the Japanese Orthopedic Association. 
One person passively moved the participants' 
joints through their final range of motion, and the 
other person measured them with a goniometer or 
tape measure. Forward bending of the trunk was 
measured using the following method to measure 
the mobility of the thoracolumbar spine.
 　First, the participants' backs were exposed, 
and they took off their shoes and stood upright 
with their feet shoulder-width apart. Next, the 
examiner marked the participants' left and right 
posterior superior iliac spines （PSIS） and the left 
and right PSIS midpoint. The distance from the 
spinous process of the 7th cervical vertebra to 
the marked midpoint of the PSIS was measured 
using a tape measure while standing upright and 
in maximum forward bending 20）. Both hands 
were hung forward during maximum forward 
bending, and the knee joint was extended. 
Measurements were repeated thrice, and the 
dif ference between standing upright and 
maximally bending forward was used as the 
measured value. 

　 The relationship between variables was 
confirmed using Peason's correlation coefficient 

or Spearman's rank correlation coefficient to 
avoid multicollinearity before statistical analysis. 
If the absolute value was 0.7, the variable 
considered important for the floor reach test was 
reta ined. Regarding ROM and knee joint 
extension strength, we selected the measurement 
results of the healthy side because the function 
of the healthy side is more important for the 
floor reach test than that of the impaired side.

 　Canonical Correlation Analysis （CCA） was 
performed to explore the factors that affect all 
floor times. CCA is a multidimensional, multiple 
regression-like technique that finds multiple 
independent variables inf luencing multiple 
dependent variables. Three canonical variates （1 
to 3） are output, and if the canonical loadings for 
each floor time are all about the same size, they 
represent almost the same thing. If the magnitude 
of the canonical loading on each floor time differs 
for each canonical variable, the factors that affect 
each floor time will differ.
　 The dependent variable was the floor time in 
three directions. The independent variables were 
front floor length selected above, healthy side hip 
flexion ROM, healthy side knee joint flexion 
ROM, healthy side ankle dorsif lexion ROM, 
trunk forward bending ROM, healthy side knee 
joint extension strength, BBS, and age.

 　As an additional analysis, multiple regression 
analysis was performed for each floor time to 
confirm the factors influencing each floor time. To 
confirm the factors that inf luence standing 
balance, muscle strength, and ROM, we performed 
a multiple regression analysis through the 
Stepwise method using each f loor time as 
dependent variable and the healthy side hip 
flexion ROM, healthy side knee joint flexion ROM, 
healthy side ankle dorsif lexion ROM, trunk 
forward flexion ROM, healthy side knee joint 
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extension strength, BBS, and age as independent 
variables. The above analyses were performed 
using R4.1.2 （CRAN, freeware）.

Results

　 Table 1 shows the demographics of the 
participants. The average age of the participants 
was 65.2 ± 13.5 years, of which 76% were 
women. Participants' diseases included 24 
participants with musculoskeletal disorder, 3 
with cerebral vascular diseases, and 2 with 
diabetes . Table 2 shows the results of all 
measurement items. The mean floor reach time 
was 6.0 ± 1.7 seconds for front floor reach time, 
5.8 ± 1.8 seconds for healthy side floor time, and 
6.1 ± 1.8 seconds for impaired side floor time. 
Table 3 shows the results of the correlation 
analysis between the selected variables The 
maximum and minimum correlation coefficients 

among the selected variables were 0.651 and 
0.196, respectively.

 　Table 4 shows the results of the canonical 
correlation analysis. The numbers in the table 
are canonical loadings, and the variables with 
larger absolute values of canonical loadings are 
more closely related. This time, we adopted an 
absolute value of the canonical load of 0.20. In 
the first canonical variate, for all floor times in 
three directions, the influence was highest in the 
following order: Front floor length, BBS, age, 
healthy side hip flexion ROM, healthy side ankle 
dorsiflexion ROM, trunk forward flexion ROM, 
healthy side knee joint extension strength, and 
healthy side knee joint flexion ROM. In the 
second canonical variate, the influence was 
highest in the following order: BBS, Front floor 
length, healthy side ankle dorsiflexion ROM, 
healthy side hip flexion ROM, trunk forward 

Table 1.  Baseline data

Characteristics Total （n=29）
Age （year）   65.2±13.5＊

Height （cm）  154.3±10.1＊

Weight （kg）   55.1±15.9＊

Gender （the number of people）
Man 7
Woman 22

Diagnosis （the number of people）
Trochanteric fracture 5
Femoral neck fracture 1
Patella fracture 1
Pelvic fracture 2
Knee osteoarthritis 1
Vertebral osteomyelitis 1
（cervical vertebra）
Cervical spondylotic myelopathy 2
Cervical spine injury 1
Cerebral infarction 2
Cerebral hemorrhage 1
Diabetes 2
Femoral diaphyseal fracture 4
Proximal tibial fracture 5
Ankle fracture 3
＊：mean±SD 
Among the 3 cases of ankle fractures, 2 individuals presented 
concomitant femur fractures, resulting in an overlapping count.
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flexion ROM, and age. In the third canonical 
variable, the degree of influence on floor time on 
the impaired side was highest in the following 
order: healthy side knee extension strength, 
healthy side ankle joint ROM, and healthy side 
hip joint ROM.

　 Tables 5 -7 show the results of multiple 
regression analysis. BBS was selected as the 
factor that affects the floor time in all three 

directions. All the analyses of variance were 
significant, and the coefficient of determination 
was 0.19 for the front floor time, 0.44 for the 
healthy side bedtime, and 0.40 for the impaired 
side bedtime. Specifically, the degree of fit could 
not be considered high for the front floor time. 

Discussion
　 This study demonstrated that floor time in 
three directions reflected physical functions such 

Table 2.  Measurement results

Measurement parameters Total（n=29）
Floor time（seconds）

Front 6.0± 1.7
Healthy side 5.8± 1.8
Impaired side 6.1± 1.8

Floor length（cm）
Front 60.3±11.0
Healthy side 73.0±12.1
Impaired side 50.0±11.6

Range of motion test（°）
SLR　　　　　　　　　　　Healthy side 70.3±16.5
　　　　　　　　　　　　　Impaired side 72.1±17.2
Hip flexion　　　　　　　　Healthy side 108.6±10.8
　　　　　　　　　　　　　Impaired side 106.7±12.5
Knee flexion　　　　　　　 Healthy side 139.8±20.3
　　　　　　　　　　　　　Impaired side 128.1±21.2
Ankle dorsiflexion　　　　　Healthy side 14.8± 5.1
　　　　　　　　　　　　　Impaired side 12.4± 4.9
Rotation of the thoracolumbar region　　
　　　　　　　　　　　　　Healthy side 43.6±10.3
　　　　　　　　　　　　　Impaired side 44.7±11.1
Forward bending of the trunk（cm） 5.6± 2.3

Standing balance test
One-leg standing time（seconds）
　　　　　　　　　　　　　 Healthy side 26.5±36.3
　　　　　　　　　　　　　 Impaired side 9.2±22.5
FRT（cm） 23.1± 5.9
TUG（seconds） 14.6± 5.9
BBS（points） 47.8± 7.0

Muscle strength test
Knee joint extension muscle strength（Nm）
　　　　　　　　　　　　　 Healthy side 64.9±33.6
　　　　　　　　　　　　　 Impaired side 42.4±21.1
Trunk extension muscle strength（kgf） 13.0± 4.6
Mean±SD
Floor time: The time to maximum reach in floor test
Floor length: The length to maximum reach in floor test
SLR: Straight leg raising; FRT: Functional reach test
TUG: Timed up and go test; BBS: Berg balance scale
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as standing balance ability, muscle strength, and 
ROM. The most relevant of which is standing 
balance ability. Therefore, the ability to move 
weight forward, sideways, upward, and downward, 
as well as the ability to balance to maintain this 
movement, is necessary to perform the floor 

reach test movement quickly.
 　The first canonical correlation analysis showed 
that the better the subject’s standing balance 
ability, the better the subject is able to maintain 
balance even with large and fast body movements, 
resulting in shorter floor time. Additionally, since 

Table 3.  Association between selected measurement variables

Front floor 
length

Healthy side
hip flexion 

ROM

Healthy side
knee flexion 

ROM

Healthy side
ankle 

dorsiflexion  
ROM

Forward 
bending of the 
trunk ROM

Healthy side 
knee muscle 
strength

BBS Age

Front floor length 1
Healthy side
hip flexion ROM -0.651** 1

Healthy side
knee flexion ROM -0.041** -0.406** 1

Healthy side
ankle dorsiflexion  

ROM
-0.488** -0.432** -0.365** 1

Forward bending 
of the trunk ROM -0.041** -0.204** -0.331** -0.389** 1

Healthy side knee 
muscle strength -0.411** -0.021* -0.091* -0.320** -0.296** 1

BBS -0.571** -0.458** -0.196** -0.415** -0.587** -0.491* 1

Age -0.538** -0.463** -0.365** -0.399** -0.608** -0.356 -0.355** 1
Values are shown as Spearman rank correlation coefficient. **p＜0.01，*p＜0.05．
Floor length: The length to maximum reach in floor test; ROM: Range of motion test; BBS: Berg balance scale
Health side knee muscle strength: Healthy side knee joint extension muscle strength

Table 4.  Relationship between floor time and physical function

Independent variables First canonical 
variable

Second canonical 
variable

Third canonical 
variable

Front floor length -0.82 -0.43 -0.06
BBS -0.84 -0.39 -0.01
Age -0.64 -0.26 -0.10

Healthy side hip flexion ROM -0.55 -0.27 -0.43
Healthy side ankle dorsiflexion ROM -0.52 -0.35 -0.33
Forward bending of the trunk ROM -0.40 -0.26 -0.05
Healthy side knee muscle strength -0.47 -0.16 -0.69
Healthy side knee flexion ROM -0.25 -0.16 -0.13

Dependent variables
Front floor time -0.35 -0.91 -0.19

Healthy side floor time -0.83 -0.51 -0.20
Impaired side floor time -0.76 -0.60 -0.25

Canonical correlation coefficients 0.78 0.59 0.47
Healthy side knee muscle strength: Healthy side knee joint extension muscle strength
Floor time: The time to maximum reach in floor test
Floor length: The length to maximum reach in floor test
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the floor reach test involves bending the body 
downward, it is easy to imagine that the ROM of 
the hip joints and ankle joints will have a great 
affect. We believe that being able to move these 
joints greatly impaired floor time. Furthermore, 
we expected that longer floor lengths would 
result in longer floor times. However, the results 
showed that the longer we expected the floor 
time, the shorter would be the floor length. 
Focusing on these relationships, we believe that 
if we can measure floor time, we can predict 
physical function.  
　 The second canonical correlation analysis 
showed that BBS, front floor length, healthy side 
ankle dorsiflexion ROM, healthy side hip flexion 
ROM, forward bending of the trunk ROM, and 

age were related to floor time in the three 
directions, especially front floor time, while knee 
joint extension strength and ROM had little 
effect. This result indicates that reaching while 
leaning forward is more efficient than reaching 
while crouching down. 
 　The third canonical correlation analysis 
showed a correlation between impaired side floor 
time and healthy side knee joint extension muscle 
strength, healthy side hip flexion ROM, healthy 
side ankle dorsiflexion ROM. The result indicates 
that characteristics of people who rely on large 
ROM and strong muscular strength to reach by 
suppressing the movement of the hips and pelvis, 
where the body's center of gravity is located. 
　 The results of multiple regression analysis 

Table 5.  Factors influencing front floor time

Independent variables Partial regression 
coefficient

Standardized partial 
regression coefficient p

Intercept
BBS

11.16
-0.11 -0.44

＜0.01
＜0.05

AONOVA p＜0.05 R2=0.20
Floor time: The time to maximum reach in floor test
ANOVA: analysis of variance; BBS: Berg balance scale

Table 6.  Factors influencing healthy side floor time

Independent variables Partial regression 
coefficient

Standardized partial 
regression coefficient p

Intercept
BBS

-11.39
-0.17 -0.67

＜0.01
＜0.01

ANOVA p＜0.01 R2=0.44
Floor time: The time to maximum reach in floor test
ANOVA: analysis of variance; BBS: Berg balance scale

Table 7.  Factors influencing impaired side floor time

Independent variables Partial regression 
coefficient

Standardized partial 
regression coefficient p

Intercept
BBS

-13.70
-0.16 -0.63

＜0.01
＜0.01 

ANOVA p＜0.01 R2=0.40
Floor time: The time to maximum reach in floor test
ANOVA: analysis of variance; BBS: Berg balance scale
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showed that BBS was a common factor that 
impaired floor time in all directions: front, healthy 
side, and impaired side. This shows that floor time 
in any direction reflects comprehensive standing 
balance ability. Since BBS requires an average of 
13.9 minutes to measure in older people21）, floor 
reach time has the advantage of measuring 
comprehensive standing balance ability in a 
much shorter time than BBS. However, the 
results of multiple regression analysis show that 
the fit of the regression model for front floor 
time is low. Therefore, factors that were not 
measured may affect front f loor time. For 
example, hip extension muscle strength may 
greatly affect the forward floor reaching motion 
in which the body is bent forward. Additionally, 
the forward floor reach movement is also seen to 
be performed while crouching down, and these 
differences in movement style may affect the 
execution time. 
 　This study had some l imitat ions . The 
participants were hospitalized and in limited 
physical conditions and environments; hence, it is 
unclear how they differ from healthy participants 
of the same age. Furthermore, since this study 
was a cross-sectional study, it is impossible to 
establish the causal relationship between floor 
time and physical function. The association with 
falls and other clinically problematic events is also 
unknown. Future longitudinal studies should 
determine the association between floor time and 
physical function and the relationship between 
floor time and the ability to perform activities of 
daily living and fall. 

Conclusion
　 To determine whether the execution time of 
the floor reach test that we developed reflects 
physical function and whether the physical 
function reflected differs depending on the 
direction of reaching, we investigated the 
relat ionship between f loor t ime in three 

directions: standing balance ability, muscle 
strength, and ROM. In this study, floor time was 
associated with standing balance, muscle 
strength, and ROM, and BBS strongly influenced 
in all reach directions. Therefore, it became 
evident that floor time can be used to determine 
comprehensive standing balance ability.
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