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Abstract 
Purpose: This study investigates the existence of a correlation between the 
gait speed and kinesthetic sense in lower legs and to conduct further analysis 
of kinesthetic sense in relation to the risk of fall among community dwelling 
females aged 65 years or older. Materials and Methods: A non-experimental 
correlational, descriptive, and cohort study included 38 community dwelling 
females (average age of 82.5 years). The kinesthetic ruler (K-Ruler) and ki-
nesthetic test protocol were created and used to assess lower extremity kines-
thetic awareness. The GaitRite System was used to assess gait speed. Each 
subject was categorized into four groups: “LL” (Low K-Score and low gait 
speed), “LH” (Low K-Score and high gait speed), “HL” (High K-Score and low 
gait speed), and “HH” (High K-Score and high gait speed) according to ki-
nesthetic awareness and gait speed measured. Voluntary fall incidence re-
porting over the 6-month period was followed by the initial data collection. 
Results: Pearson product-moment correlation (2-tailed) showed that there is 
a statistically significant, positive moderate-to-strong correlation between K- 
score and gait speed (ICC = 0.692, p < 0.05). Additionally there were statisti-
cally significant negative moderate to strong correlations between age and K- 
score, and age and gait speed (ICC = −0.648, and −0.596 respectively, p < 
0.05). The 13 subjects reported fall incidences over the 6-month period. No 
falls were reported among subjects in HL group. Discussion: Gait speed de-
clines as kinesthetic awareness of lower extremity decreases in community 
dwelling 65 or older female subjects. Additionally, the combination of kines-
thetic awareness and gait speed can be served as a predictor of fall risk. The 
K-ruler can be used to assess lower extremity kinesthetic awareness in older 
people as a feasible and standard test. 
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1. Introduction 

The decline of sensory and motor functions with aging often affects the static or 
dynamic postural control, which may lead to a limitation of functional ambula-
tion [1]. Kinesthesia and proprioception are the major factors affecting the 
property of gait. The decline of kinesthetic sense leads to an increase in the risk 
of falls among the elderly population [2]. According to Center of Disease Con-
trol & Prevention Factsheet, 1 in 3 elderly women age 65 or older have fall inju-
ries [3]. Alamgir et al. (2012) quotes, “Fall injury is a leading cause of death and 
disability among older adults” [4].  

Many studies have been conducted to assess gait speed as a predictor of the 
risk of future disability among the elderly population and evidenced that the 
lower the gait speed the greater the risk of falls and future problems [5] [6] [7] 
[8] [9]. Slower gait can be interpreted as a measure of how much the energetic 
cost of walking increased due to the decline of executive or sensorimotor func-
tions, such as muscle strength, balance, proprioception, kinesthesia with age 
[10]. Quach et al. (2012) interpreted slower gaits as an adoptive mechanism to 
prevent slips, trips, and falls, therefore elderly people with slower gaits have low 
risk of fall [11].  

Kinesthetic awareness, by definition, is awareness of the direction and magni-
tude of the extremity or joint movement. Decreased kinesthetic sense leads to 
increased risk of falls in older people. However, devices to measure kinesthesia 
are very rare. Mostly custom designed kinesthetic measuring devices have been 
used to assess upper extremity and trunk position sense in a healthy population. 
This explains why there are no prior studies that have assessed the relationship 
between kinesthesia and gait speed and kinesthesia and falls. A study by Mishra 
et al. (2013) is the only study we could find that mentioned any relationship be-
tween kinesthesia and falls stating that the decline of kinesthetic sense leads to 
an increase in the risk of falls among the elderly population [2]. 

We thought that the kinesthetic awareness would be one of the predictors of 
the risk of fall in older people beside the gait speed changes. However, no stan-
dard kinesthetic testing protocol or equipment was currently available to meas-
ure lower extremity kinesthetic awareness. This required the researcher to create 
a new kinesthetic testing device and protocol to assess kinesthetic awareness    
in elderly people based on the description of kinesthesia test in the book of 
O’Sullivan Schmitz, and Fulk [12]. 

Based on the literature review, the researcher aimed to use kinesthetic aware- 
ness tool to assess the kinesthetic sense of lower extremity in older people as one 
of the risks of fall. The primary focus of the study was to investigate linear cor-
relation between the kinesthetic awareness of the lower legs and the gait speed 
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and to make further analysis of the study results in relation to the risk of falls 
among the community dwelling female population age 65 or older. Our hypo-
thesis was “In community dwelling females age 65 or over, the gait speed de-
clines as kinesthetic awareness of the lower legs decreases.” 

2. Materials and Methods 

A non-probability sampling technique of convenience sampling was used for a 
non-experimental research method with a descriptive, correlational, and cohort 
design. This employed a single snapshot data collection of general health infor-
mation, two kinesthetic tests of each leg in a chair sitting position, and a gait 
speed at a normal pace with or without an assistive device on a level gait plat-
form via GaitRite System. For the cohort study, we recorded subjects’ voluntary 
reporting of their fall incidences at the end of each month for the 6-month pe-
riod followed by the initial data collection. 

2.1. Subjects 

The information sessions of our study were held with a community dwelling el-
derly females age 65 or older living at Convents in Blauvelt and Sparkill, NJ and 
an independent living facility in Nanuet after approval by the Dominican Col-
lege Institutional Review Board (IRB) project (IRB# 2015-0308-010). Initially, 
the total 41 subjects were recruited on a voluntary basis at information sessions 
held in the three locations. Two subjects voluntarily dropped out on the data on 
collection day and one subject was excluded according to the study exclusion 
criteria. Therefore, data collection was made for the final 38 subjects who parti-
cipated in the study.  

2.2. Inclusion and Exclusion Criteria 

Our inclusion criteria is a community dwelling female aged 65 or older. Our ex-
clusion criteria are abnormal vital signs, oxygen saturation rate (SpO2) < 90%, 
partial or non-weight bearing restrictions, ambulation that requires more than 
contact guard assistance (CGA), lower extremity (LE) muscle strength less than 
3/5, knee range of motion (ROM) less than functional ROM, or anybody who 
did not have an authorization from the primary physician or nurse practitioner 
to participate in the study. We also excluded anyone who had a Mini Mental 
State Exam [13] score less than 24, who was considered cognitively impaired 
[14]. 

2.3. Procedure 

The entire data collection procedure took about 20 minutes for each participant, 
which included a brief screening (mini mental state test, vital signs and oxygen 
saturation rate), two kinesthetic awareness tests, and the gait speed measure- 
ment. Confidentiality was maintained during the entire data collection. During 
the health screening, we obtained the subject’s weight, height, leg length, knee/ 
leg pain, if the pain affected their gait speed, any use of assistive devices (AD), or 
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other health related issues that may affect our study. Seven subjects reported that 
their knee/leg pain affected their gait speeds. Twelve subjects were using AD 
during ambulation. 

2.4. Kinesthetic Test 

The two kinesthetic tests consist of Procedure-1 and Procedure-2, which each 
participant requires to perform 10 trials for each leg after two test trials. Both 
procedures are performed in a seated position on a chair with eyes blinded to 
block the subject’s visual sense in order to enhance the accurate assessment of 
the subject’s kinesthetic awareness. 

Procedure-1 assesses the ability to detect the direction of a subtle movement 
of the test leg. The test leg was placed on a skateboard and the subject asked to 
make a simultaneous verbal response of “forward or backward” as the examiner 
moved the test leg passively by moving the skate board forward or backward to 
avoid the subject’s tactile stimulation. O’Sullivan et al. (2014) states, “the therap-
ist’s grip should remain minimal to reduce tactile stimulation” [12]. The subject 
receives a score “1” for an accurate and timely response (within 1 second); oth-
erwise, a score of “0”. Total K-Score (sum of all scores) for Procedure-1 ranges 
from “0” to “20” (0 to 10 for each leg) as shown in Table 1.  

Procedure-2 assesses the ability to coordinate the kinesthetic senses. K-Ruler 
(Figure 1) placed on the floor such that both feet (with shoes off) land right 
above K-Ruler to avoid friction during the movement of feet. K-Ruler is specifi-
cally designed to measure the active and passive foot displacements of both feet. 
The tip of the second toe on each leg is the point of reference used to read the 
scale on K-Ruler as the legs move as shown in Figure 1. The subject is asked to 
spontaneously move the test leg matching to the direction and the magnitude of  

 
Table 1. Procedure 1 and 2 scoring system. 

Procedure 1 
Passive movement 

trials 
Right leg Left leg 

Procedure 2 
Active movement 

trials 
Right leg Left leg 

1. Forward   Trial 1-Scale 1   

2. Forward   Trial 2-Scale 2   

3. Backward   Trial 3-Scale-1   

4. Backward   Trial 4-Scale-2   

5. Backward   Trial 5-Scale 3   

6. Forward   Trial 6-Scale 5   

7. Backward   Trial 7-Scale 1   

8. Forward   Trial 8-Scale-1   

9. Forward   Trial 9-Scale-4   

10. Backward   Trial 10-Scale 7   

Total Score   Total Score   
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Figure 1. Kinesthetic Ruler designed to save time and 
efforts in the multiple measurements of the test or non- 
test legs movements during the kinesthetic awareness 
test-Procedure 2. 
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the passive movement of non-test leg made by the examiner. The subject rece-
ives “0” point in the following cases: 1) the subject’s test leg moves totally off in 
the direction, 2) the magnitude is off more than 3/4 inches from the exact scale 
of the non-test leg movement, or 3) it takes more than 2 seconds to match the 
movement. The subject receives “2” points if the subject matched test leg simul-
taneously to the direction and the magnitude of the non-test leg movement 
within the range within 1/4 inches. The subject receives “1” point for all other 
cases. Total K-Score for Procedure-2 ranges 0 and 40 (0 to 20 for each leg) as 
shown in Table 1.  

The total K-Score that summed for Procedure 1 and 2 ranges 0 to 60 (0 to 30 
for each leg) for each subject, where K-Score “0” represents the total impairment 
of kinesthesia for both legs and “60” represents kinesthesia intact for both legs. 
For the data analysis, we used the total K-score as a representation of each sub-
ject’s kinesthetic awareness. 

2.5. Gait Analysis 

We used gait analysis system (GaitRite Electronic Walkway, manufactured by 
CIR Systems Inc) with a gait platform with multiple sensors that provides the 
temporal and spatial information of the subject’s gait. Subjects started to walk 
about 20 feet before the GaitRite platform in order to get their normal pace of 
walk before they reached the platform and continued walking at a normal pace 
about 20 feet on the level GaitRite platform. Each subject had two trials, with or 
without AD, and was provided the required level of assistance as documented 
during the health screening interview. Gait speed for each trial was recorded and 
averaged. The average gait speed of the two trials was used for our data analysis. 

2.6. Fall Incidence Report 

Each subject reported voluntarily the number of fall incidents they experienced 
each month for the 6-month period following the initial data collection. A fall is 
defined as an unintentional rest on the ground or other lower level. Also, if a 
subject had to grab an object in order not to fall at the time when the subject had 
an unintentional loss of balance, it is considered as a fall. 

2.7. Statistical Analysis 

All statistical analyses were conducted on IBM Statistical Package for the Social 
Sciences (SPSS) Version 18.0. Central tendency and variability of the partici-
pants age, K-score, and gait speed were used to describe the sample population. 
The relationship between the gait speed and K-Score, and additionally age and 
K-score and age and gait speed were investigated using the two-tailed Pearson 
Product-Moment Correlation Coefficient (PPMCC). The alpha level for signi-
ficance was p = 0.05 and confidence interval (CI) was set at 95%.  

3. Results 

The average age, K-score, and gait speed of the 31 participants were 83.4 years 
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(SD = 7.8), 39.6 points (SD = 5.8), and 68.6 cm/sec (SD = 24.4), respectively. 
Pearson product-moment correlation (2-tailed) showed that there is a statisti-
cally significant positive moderate to strong correlation between K-score and 
gait speed (ICC = 0.692, p < 0.05). Additionally there were statistically signifi-
cant negative moderate to strong correlations between age and K-score and age 
and gait speed (ICC = −0.648, and −0.596, respectively, p < 0.05). Figures 2-4 
show the corresponding graphs.  

During data analysis, we found 7 outliers identified with K-Score and gait 
speeds outside the data range of most subjects. In our study we excluded the 7  
 

 
Figure 2. Correlation between K-score and adjusted-velocity (ICC = 0.692, p < 0.05). 

 

 
Figure 3. Correlation between age and K-score (ICC = −0.648, p < 0.05). (ICC = −0.596, respectively, p < 
0.05). 
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Figure 4. Correlation between age and gait speed (ICC = −0.596, respectively, p < 0.05). 

 
outliers to avoid the potential bias in the inferential statistic analysis of the sam-
ple population.  

Studies have shown that increased BMI are correlated with decreased gait 
speed [15] [16] [17] [18]. We carefully examined possible impacts of BMI on gait 
speed and developed the BMI adjustment factor using BMI data we collected 
among the 38 subjects. Each subject’s gait speed has been calibrated reflecting 
the subject’s BMI adjustment factors of 0.7 for BMI < 20 and 1.1 for BMI > 25 
(Table 2).  

For the purpose of cohort study of fall incidences, we divided the 38 subjects 
into 4 subgroups: 

1) Low Low (LL): subjects with both K-Score and gait speeds below its aver-
age, 

2) Low High (LH): subjects with K-Score below its average, gait speed above 
its average, 

3) High Low (HL): subjects with K-Score above its average and gait speed be-
low its average,  

4) High High (HH): subjects with both K-Score and gait speed above its aver-
age. 

There were 13 out of 38 subjects (34%) who reported their fall incidences over 
the 6-month period. Five out of 15 subjects (or 33%) in LL-group, 4 out of 7 
subjects (or 57%) in LH-group, 0 (zero) out of 4 subjects (or 0%) in HL-group, 
and 4 out of 12 subjects (or 33%) for HH-group. Interestingly, the 57% of all 
subjects in LH-group(low K-score with high gait speed) experienced falls, while 
0% (zero) of all subject in HL-group (high K-score with slow gait) experienced 
no falls. Figure 5 shows comparison of fall incidences by subgroup. 

4. Discussion 

In many studies the gait speed alone is viewed as a predictor of risk of falls.  
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Table 2. Body Mass Index (BMI) adjustment factors for each age band. 

BMI Count 
Average 

age 
Average 

BMI 
Average 
K-score 

(1)  
Average 

gait speed 
at each  

BMI band 

(2) 
Average 

gait speed 
at each  

age band 

BMI  
Adjustment 

Factor =  
(2)/(1) 

Under 20 6 87.5 18 38.0 82 54 0.7 

20 - 24 12 83.7 22 40.3 71 71 1.0 

25 - 29 8 83.5 28 34.6 64 71 1.1 

30 and over 12 78.1 33 39.0 72 79 1.1 

Total 38 82.5 26 38.4 71 NA NA 

 

 
Figure 5. The number of subjects who fell over the six month period following the data 
collection date by Group. 
 
Numerous studies proved that kinesthetic awareness as well as gait speed de-
clines with aging [1] [2] [5] [6] [7] [8]. Our study results confirmed that both 
kinesthetic awareness and gait speed are negatively correlated with age. Also, the 
study results showed a positive correlation (ICC = 0.692, p < 0.5) between ki-
nesthetic awareness and the gait speed among elderly females.  

In our study the GaitRite system was used to assess gait speed while other stu-
dies measured gait speed on a watch or chronometer [5] [6] [7] [8]. The GaitRite 
system has shown to be a valid tool for measuring spatial and temporal gait pa-
rameters in both healthy subjects and in subjects with abnormal gait patterns 
[19]. It is an automated system which allows for the measurement of gait speed 
without the worry of personal error as one might have measuring with, for ex-
ample, a stop watch.  

Many studies suggested a link between a risk of falls and gait speed in elderly 
people. One study found that consciously slowing one’s gait speed might help 
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decrease the risk of falls [20]. Another study found that slower gait speeds were 
associated with greater risk of indoor falls and faster gait speeds were associated 
with greater risk of outdoor falls [11]. In the study of Mishra et al. (2013) kines-
thesia may affect the property of gait and its decline with aging may lead to in-
crease in risk of falls [2].  

In our cohort study we did not find a link between fall risk and kinesthetic 
awareness or gait speed alone. However we divided the 38 subjects into 4 sub-
groups for the purpos of cohort study of fall incidences. Our study showed that 
subjects in HL-group (higher kinesthetic awareness and low gait speed) had zero 
falls, while, 57% of LH-group (lower kinesthetic awareness with faster gait 
speed) experienced falls and 33% of subjects in LL and HH groups experienced 
falls. The study results suggested that elderly females with relatively lower ki-
nesthetic awareness and relatively higher gait speed have the highest risk of falls. 
Elderly females with relatively higher kinesthetic awareness and relatively lower 
gait speed have the lowest risk of falls. Based on these findings, we can argue that 
high kinesthesia and slow gait speed suggests a lower risk of fall, and low kines-
thesia and fast gait speed indicates a higher risk of fall. 

Kinesthetic sensitivity is not easily assessed in older people because of their 
impaired cognitive abilities. The testing must be easily understood by the older 
people, simple to administer and should produce objective measures for subse-
quent assessments. With these requirements in mind, a K-ruler and test protocol 
were designed to assess the lower extremity kinesthetic awareness. We conclude 
that the K-ruler is a feasible, user-friendly, and standard test to assess kinesthetic 
awareness in older females. Therefore it can be a part of the fall risk assessment 
in older people to minimize the risk of fall.  

Further studies are warranted to investigate the effect of kinesthetic training 
on the kinesthetic ability and fall risk. Yet, we cannot generalize our study results 
due to the study limitations even if the study results signified the existence of a 
positive correlation between kinesthetic awareness and gait speed. The study li-
mitations are the potential bias of convenience sampling, relatively small sample 
size (N = 38), the lack of verification of psychometric properties of K-ruler used 
as kinesthetic awareness test tool.  

5. Conclusion 

Based on our study results, we concluded that a positive correlation exists be-
tween kinesthetic awareness and gait speed. Additionally we also concluded that 
the combination of the kinesthetic sense and gait speed could serve as a predic-
tor of a risk of fall among the elderly female population. Our research study is 
the first study to assess lower extremity kinesthetic awareness for the risk of falls 
and to investigate its relationship with gait speed in elderly females. Although 
the validity and reliability of the K-ruler have not been searched, we believe that 
it can be used to assess kinesthetic awareness in older people to as a vital part of 
the fall risk assessment. Furthermore, kinesthetic training should be investigated 
as a preventive care in relation to the risk of falling and to be utilized to prevent 
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elderly people from catastrophic falls. 
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