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Abstract

This study evaluates the effects of a fall experience caused by tripping during the repetitive step-
ping movements over an obstacle [obstacle-single leg forward step (OSFS) test]. The study in-
cluded 147 participants who were divided into 2 groups: 25 fallers caused by tripping and 122
non- fallers. The subjects were asked to step forward over a 10-cm-high obstacle with 1 leg and
then return to their original position, as quickly as possible, and this test was repeated for 5 times.
The OSFS test was evaluated in 2 phases: the OSFS-F phase, wherein the participants stepped for-
ward on one leg, and the OSFS-R phase, wherein they returned to their original position. Signifi-
cant differences were observed in both phases of the OSFS test between the two groups, and the
fallers by tripping were significantly inferior to the nonfallers. The area under the curve [AUC;
area under the receiver operating characteristic (ROC) curve] was more than 0.63 for all the para-
meters, which was statistically significant. In conclusion, the fallers by tripping were inferior to
the nonfallers in the obstacle step movement.
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1. Introduction

According to the reports by Suzuki et al. [1] and Demura et al. [2], which researched the conditions related to
falling, the fall incidence rate for one year was approximately 20% in the community-dwelling elderly aged 65
and over, although regional differences were observed. Because fall incidence increases with age, this increases
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the possibility of the elderly sustaining fractures and becoming bedridden. A decline in physical fitness seriously
limits the activities of daily living (ADL) for the elderly and increases the possibility of a fall. Therefore, it is
important for the elderly to adequately evaluate their physical fitness levels in order to achieve an independent
life without falls.

Suzuki et al. [3] evaluated the life function and physical functions of the community-dwelling elderly using
the Tokyo Metropolitan Institute of Gerontology Index and reported that the scores of fallers were higher than
those of nonfallers. In addition, Tinetti et al. [4] reported that the elderly with high activity levels have a lower
fall incidence. Therefore, a decline in the ability to achieve ADL may be closely related to fall risk.

The mechanisms that can lead to falls in the elderly include tripping, slipping, misstepping, and staggering.
Nevertheless, several differences exist between the respective fall mechanisms and optimal prevention strategies.
According to previous studies [5] [6] that reviewed these causes, falling was mostly caused by tripping during
walking. Tripping easily occurs through difficulty of foot lifting caused by decreased leg strength, decreased vi-
sion, and recognition of obstacles.

On the other hand, falls caused by “sliding,” “staggering,” “dizziness,” and “swaying” primarily occur be-
cause of environmental factors and medical history. Hence, an individual risk profile is necessary to effectively
prevent falling [2]. Most falls occur when individuals with internal factors, including decreased physical func-
tion and decreased performance of physical activities, are affected by external factors such as an obstacle; there-
fore, it is important to observe each individual in detail to understand which factors increase the risk of falling
on an individual basis.

To date, several fall-related physical fitness tests have been developed to predict fall risk. To approach fall
prevention from various view points, it is necessary to understand which body functions are evaluated in these
field tests. For example, because the elderly, who were judged to extensively sway during standing on the basis
of the COP (center of pressure) measurements, are unable to maintain a stable posture as well, they may exhibit
high possibility of falling. In addition, the elderly with inferior leg strength are unable to support their body
when stepping forward quickly and thus may fall down.

Shin and Demura [7]-[11] developed the obstacle-single leg forward step (OSFS) test which evaluates the
fall-related physical fitness of the elderly. This test comprises the movements whereby participants step forward
over an obstacle with the one leg and return the leg to its original position [7]-[9]. The present study conducted
the OSFS test to investigate nonfallers and fallers due to tripping.

This study aimed to examine the efficacy of the OSFS test in evaluating the performance characteristics of the
elderly who are likely to trip using the receiver operating characteristic (ROC) analysis.

2. Methods
2.1. Participants

In total, 147 healthy elderly females who could independently walk participated in this study; among these, 25
participants (77.2 £+ 5.0 years) were fallers who fell by tripping in the past year and the other 122 participants
(75.3 £ 6.0 years) were nonfallers. Prior to the measurements, the purpose and procedures of this study were ex-
plained to all the participants in detail, and informed consent was obtained from them. This study was approved
by the institutional review board of the Gifu University School of Medicine (reference number, 24-310).

2.2. Obstacle-Single Leg Forward Step Test (O-SFS Test; Figure 1)

The participants stood barefoot with relaxed arms on a step sheet in a quiet room. They were asked to view the
obstacle. Before the measurement was recorded, we determined the leg that was easier to stand on and operate
for each participant according to the assessment method by Demura et al. [12]. The participants stood on the
supporting leg, stepped forward over the obstacle with the other leg, and then returned to the original position as
quickly as possible; this exercise was repeated 5 times. The step width from the start spot was 25 cm, and the
obstacle (height, 10 cm) was set at the midway point. The measurements were recorded in a single trial follow-
ing a practice trial, and the mean value was used for statistical analysis. A tester controlled the obstacle lightly so
that it did not move from the set place or fall down if the participants tripped over it. The step test was per-
formed using the step sheet T.K.K.5301 (Takei inc. Shinsyu, Japan), which uses foot pressure to measure the
swing time in 1 leg from rising to landing. The parameters measured were the time of a forwarding phase
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and then returned to their original position while stepping over an obstacle (OSFS-R).
Note: The participants repeated the above movements 5 times as quickly as possible.

Figure 1. Obstacle single leg forward step test (OSFS test).

(OSFS-F: the mean time of stepping forward) and a returning phase (OSFS-R: the mean time of returning to the
original position), and a mean time of both phases.

2.3. Statistical Analysis

To assess the mean differences between the fallers by tripping and the nonfallers for the OSFS test along with
the physical characteristics, unpaired t-tests were used. To evaluate the efficacy of the OSFS test, an ROC curve
was used. The probability level of p < 0.05 was indicative of statistical significance.

3. Results

Table 1 presents the mean differences in the physical characteristics and the scores of activity of daily living
(ADL) questionnaire from the Ministry of Education, Culture, Sports, Science and Technology Japan. Age,
height, weight, and ADL scores revealed no significant differences between the groups. However, the effect siz-
es revealed relatively lower values (0.17 - 0.35).

Table 2 presents the mean differences between the groups for the OSFS test parameters. Significant differ-
ences were observed in all the parameters, and the fallers by tripping were significantly inferior to the nonfallers.
Further, the effect sizes exhibited moderately high values (0.62 - 0.86).

Table 3 presents the results of AUC calculation of the ROC curve in the OSFS test. The AUCs of the ROC
curves in the OSFS parameters were statistically significant (0.63 - 0.71).

4. Discussion

To evaluate the elderly with lower physical fitness, very safe tests should be selected. In addition, it is preferable
that the test content relates closely to their ADL and is available for rehabilitation and functional recovery [13].
This study conducted an OSFS test for nonfallers and fallers by tripping and evaluated the efficacy of this test to
assess the performance characteristics of the elderly who trip easily.

Causes of falls in the elderly are classified into variable and nonvariable factors. It is important to understand
in advance whether it is possible to improve the fall-related characteristics of the elderly in order to prevent falls
[14]. The present study focuses on the variable factors of fall risk, particularly movement characteristics of the
elderly who trip easily.

This study investigated the fall experiences of elderly participants in the past year and included the move-
ments that led to the fall. It was determined that 25 of 50 fallers fell down by tripping. Although this number
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Table 1. Differences between the fallers by tripping and the nonfallers in each parameter.

Descriptive statistics Unpaired t-test

Parameters Group Mean SD t-value p-value ES

Age Faller by tripping 77.2 5.0 1.50 0.13 0.31
Nonfaller 75.3 5.9

ADL Faller by tripping 23.8 5.2 1.72 0.09 0.35
Nonfaller 255 45

Height Faller by tripping 148.4 53 0.82 0.41 0.17
Nonfaller 147.3 6.0

Weight Faller by tripping 52.1 9.3 154 0.13 0.32
Nonfaller 49.3 7.9

ES (Effect size), faller by tripping 25 persons, nonfaller 122 persons.

Table 2. Differences between the fallers by tripping and the nonfallers in the OSFS test.

Descriptive statistics Unpaired t-test
Parameters Group Mean SD t-value p-value ES

OSFS (Mean) Faller by tripping 0.67 0.18 2.79 0.01 0.84 -
Nonfaller 0.56 0.10

OSFS Faller by tripping 0.63 0.19 2.14 0.04 0.62 ’
Forward phase Nonfaller 0.55 0.11

OSFS Faller by tripping 0.69 0.20 2.97 0.01 0.86 -
Backward phase Nonfaller 0.57 0.11

“p < 0.05, ES (Effect size), faller by tripping 25 persons, nonfaller 122 persons.

Table 3. The area under an ROC curve (AUC).

Parameters AUC SE P-value 95% ClI

OSFS Mean 0.69 0.06 0.00" 0.58 - 0.80
OSFS Forward phase 0.63 0.06 0.05 0.50-0.75
OSFS Backward phase 0.71 0.05 0.00 0.61-0.81

“P < 0.05 faller by tripping 25 persons, nonfaller 122 persons.

was relatively lower than that reported in a previous study [15], it infers that many falls are attributed to tripping.
Falls by tripping have a higher prevention possibility via improvement of ADL or visual function compared with
falls caused by other reasons such as “slipping,” “staggering,” “dizziness,” and “swaying.” Weerdesteyn et al.
[16] evaluated the different approaches toward the trip avoidance process and reported that the success rate of
stepping over an obstacle significantly increased by performing a unique program for 5 weeks, which included
performing multiple tasks at once, and obstacle courses, which simulate ADL. In addition, Lamoureux et al. [17]
reported that the obstacle avoidance ability of the elderly significantly improved by performing resistance exer-
cises such as flexion and extension movements of hip, knee, and ankle joints for 24 weeks.

The OSFS test used in the present study consisted of very simple movements whereby participants step for-
ward over an obstacle with 1 leg and then return the leg to its original position. However, this test indicated that
the fallers by tripping took longer to perform the OSFS movements compared with the nonfallers. In addition,
the ROC analysis results indicated that AUC was significantly large, and it was found that the OSFS test is use-
ful in distinguishing between fallers by tripping and nonfallers.

The OSFS test was constructed after considering the following 4 points: 1) when almost falling, the elderly
quickly step forward 1 step to maintain their base of support (BOS) and to prevent the fall; 2) a decrease in leg
strength and balance ability as well as the range of motion (ROM) of the hip, knee, and ankle joints are asso-
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ciated with fall occurrence; 3) the elderly frequently fall by tripping over an obstacle or a step; and 4) the
screening test used should consist of safe movements that the elderly can easily understand. The OSFS test re-
quires the elderly to step over the obstacle while supporting the body with 1 leg and to return it to the original
position. Hence, this test may be difficult to perform for the elderly with decreased physical fitness when com-
pared with other tests comprising activities such as walking and one-leg standing.

The fallers by tripping were found to be inferior to the nonfallers in both phases of the OSFS test (OSFS-F:
the phase of stepping forward and OSFS-R: the phase of returning to the original position). Further, the effect
size in the OSFS-R phase was relatively larger compared with that of the OSFS-F phase (ES: OSFS-B = 0.86,
OSFS-F = 0.62). Shin et al., [18] reported that there were no significant differences between the fallers and
nonfallers in the OSFS-F phase. Therefore, a fall risk may be better explained by the OSFS-R phase values,
where the stepped leg is returned to the original position compared with the OSFS-F phase values, where the
subject is stepping over an obstacle. The elderly with decreased leg strength are generally unable to stretch their
legs when their body is inclined forward because of the fear of falling forward [19]. This indicates that a lack of
the ability to brace one’s legs may cause falls.

Meanwhile, the OSFS-F phase also indicated a significant difference in this study. The fallers by tripping may
take a long time to step over an obstacle regardless of the phases (OSFS-F or OSFS-R). Watanabe [20] reported
that the elderly are more likely to disrupt body balance in conditions that require posture change such as step-
ping over obstacles. Particularly, it is inferred that the elderly who trip easily used a higher clearance than ne-
cessary for the obstacle because they cannot smoothly elevate the leg by flexion movements of the hip, knee,
and ankle joints. In addition, such elderly people may find it difficult to maintain physical balance when stand-
ing on 1 leg while stepping over the obstacle. Therefore, the elderly may require a longer time when shifting to
the next movement after stepping forward or after returning to the original position.

5. Conclusion

The fallers by tripping require a longer time in both the OSFS-F and OSFS-B phases. The OSFS test may be
useful to discriminate between the fallers by tripping and the nonfallers because a large AUC was found.
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