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Abstract

　The present study examined thoracolumbar positional sense (TPS) in patients with vertebral 
compression fractures. The subjects were 13 healthy adults in their 20s (young group; Y group) 
and elderly patients aged ≥65 years, including 13 with (fracture group; F group) and 11 without 
(non-fracture group; NF group) vertebral compression fractures. In addition to investigating their 
background characteristics, TPS was assessed with the relocation test, and static posture control 
was evaluated based on standing body sway with open and closed eyes. The differences among 
the three groups were examined. TPS was significantly lower in the F group than in the Y group. 
Static posture control was significantly lower in the F group and NF group than in the Y group. 
This suggests that elderly patients with vertebral compression fractures have reduced TPS 
compared with healthy young adults.

1. Introduction

　Vertebral compression fractures are the most common osteoporotic fractures seen in older individuals1). 
Regarding the characteristics of vertebral compression fractures, it has been reported that balancing ability 
decreases as the number of fractured vertebrae increases2,3). It has been suggested that one of the causes of 
this balance loss is vertebral compression fracture-induced kyphosis2). On the other hand, a previous study 
reported that vertebral compression fractures are more closely related to balance ability than kyphosis4). 
This suggests that it is difficult to explain vertebral compression fracture-related balance deterioration 
based on increased kyphosis alone. 
　Somatosensory functions, particularly those related to proprioception, have been reported to be closely 
related to balance ability5), suggesting that impaired proprioception adversely affects balance ability6). 
Proprioception disorders are also reported to occur in patients with lower back pain or lumbar spine 
disease7,8). Previous studies reported that elderly patients with lower back pain exhibited reductions in 
balance ability and lumbar proprioception9). Thus, it is conceivable that patients with vertebral compression 
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fractures, who have organic damage or lower back pain, might exhibit reduced proprioception of the 
thoracolumbar vertebrae. Such proprioceptive abnormalities of the thoracolumbar vertebrae might 
adversely affect balance ability. Therefore, the purpose of this study was to evaluate thoracolumbar 
vertebral proprioception in patients with vertebral compression fractures and compare it between healthy 
young adults and the elderly. 

2. Methods

2.1 Participants
　The subjects included both young and elderly patients. The elderly subjects were 13 patients with 
vertebral compression fractures who had undergone fracture treatment (fracture group; F group) and 11 
non-vertebral compression fracture patients (non-fracture group; NF group). The young subjects were 13 
healthy young people (young group; Y group). The inclusion criteria for the elderly subjects were as follows: 
1) being aged ≥65, 2) visiting or being hospitalized at the author’s institution between February 2018 and 
January 2020, 3) living independently at home, and 4) being able to walk without using walking aids. The 
exclusion criteria for the elderly subjects were as follows: 1) marked visual impairment, lower limb sensory 
impairment, or vestibular dysfunction; 2) neuromuscular diseases, such as multiple sclerosis or polymyositis; 
3) cerebrovascular disease or orthopedic disease in the lower limbs; 4) significant pain when standing or 
walking; and 5) a lack of understanding of and/or cooperation with the research. The exclusion criteria for 
the F group were as follows: 1) being diagnosed with a vertebral compression fracture ≤6 months ago and 2) 
a lower back pain score of ≥4 according to the Numeric Rating Scale. The exclusion criteria for the Y group 
were as follows: 1) not having suffered lower back pain within the last 2 years, 2) spinal orthopedic disease, 
and 3) neurological disease. Patients with vertebral compression fractures who had undergone fracture 
treatment were defined as those who had consulted a medical institution complaining of lower back pain, 
were diagnosed with a vertebral compression fracture, and underwent conservative corset therapy. Before 
the data collection, all of the study procedures were explained to the participants, who all signed informed 
consent forms. This study was carried out after receiving approval from the institutional review board of 
Medical Corporation Shiseikai Watanabe Hospital (approval No. 01702).

2.2 Measurements
　The subjects’ background characteristics were their age, height, body weight, body mass index (BMI), the 
fractured vertebral bodies, and the number of compression fractures that were extracted. The evaluated 
items were thoracolumbar positional sense (TPS), vertebral alignment and the amount of body sway when 
standing. Data regarding age, height, body weight, BMI, fractured vertebral bodies, and the number of 
compression fractures were extracted from electronic charts.
　TPS was assessed using the relocation test (RT), which was according to the method described in a 
previous study10). The subject sat deep on a height-adjustable bed without putting their feet on the floor. 
The thighs and pelvis were fixed in place with a non-stretchable band, and a soft collar was attached to 
the neck in order to suppress joint movements other than in the thoracolumbar region. A belt with a laser 
pointer was attached to the subject over the sternal angle. The subject placed their hands on their knees 
and adopted a comfortable sitting position. This posture was defined as the middle position (MP) of trunk 
rotation (0°) (Figure 1). Then, a 1-cm square piece of graph paper with a dot marked on it was stuck on 
the wall 90 cm in front of the subject. The graph paper was placed where the light projected onto the wall 
by the laser pointer fell while the subject was in the MP. Two further 1-cm square pieces of graph paper 
with dots on them were placed 52 cm to either side of the first piece. The three points were located on a 
straight line parallel to the floor and were referred to as point A, point B, and point C in order from the 
left (Figure 2). The laser irradiation point was adjusted so that it was located at point B (the central point) 
when the subject was in the MP. When the subject turned 30° to the left and right, the laser irradiation 
point was located at points A and C, respectively. As mentioned above, the distances from point B to point 
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A and from point B to point C were both 52 cm. If this distance was defined as X1, and it was assumed that 
the distance from the subject to the wall was 90 cm in the MP position, and the trunk was rotated 30°, X1 
could be calculated as follows: X1=sin30°× 90 (Figure 3). The measurement procedure was explained to the 
subject orally before it was performed to promote understanding. The subject was instructed to actively 
rotate their thoracolumbar region with their eyes open so that the laser projection point moved from point 
B to point C, rest for 2 seconds, and then return to point B again. The same procedure was performed for 

Figure 1　�This posture was defined as the middle position (MP) of trunk rotation (0°). The subject sat deep on a 
height-adjustable bed without putting their feet on the floor. The thighs and pelvis were fixed in place with 
a non-stretchable band, and a soft collar was attached to the neck in order to suppress joint movements 
other than in the thoracolumbar region. A belt with a laser pointer was attached to the subject over the 
sternal angle. The subject placed their hands on their knees and adopted a comfortable sitting position.

Figure 2　�Two further 1-cm square pieces of graph paper with dots on them were placed 52 cm to either side of 
the first piece. The three points were located on a straight line parallel to the floor and were referred to 
as point A, point B, and point C in order from the left.



118 Tomoya Kishimoto et al.

point A. Next, the subject was blindfolded with an eye mask and instructed to rotate their trunk to the 
right. When the projection point of the laser reached point C, the measurer said "Please stop". After the 
subject had stopped for 2 seconds, the measurer said, "Return to the original position". When the subject 
thought that they had returned to point B, they said "Yes". A measurer was attached to the projection 
point of the laser when the subject said "Yes" to indicate the measurement point. When there was an error 
between point B and the measurement point, the measurer manually corrected the projection point of the 
laser so that it was located at point B, and instructed the subject to remember point B as the MP again. 
This task was performed 20 times, 10 times alternately on the left and right sides. The mean value of the 
error in the horizontal direction from point B to the measurement point (X2 cm) was calculated, and TPS 
was calculated using the arctangent formula ( θ =ATAN(X2/90): Figure 3).
　Regarding the intra-rater reliability of the results of the RT, an intraclass correlation coefficient (ICC) was 
calculated in advance of the study using the retest method. The subjects were 17 healthy adults without 
lower back pain (mean age: 25.6 ± 3.0 years), and RT was measured using the abovementioned procedure. 
RT was measured at intervals of one week from the first measurement. Based on the RT values obtained in 
the first and second RT, the ICC was calculated to be 0.61, which was considered to be "substantial"11).
　The amount of sway in the center of gravity during standing was assessed using a center of gravity 
sway meter (GP-7 gravicorder, Anima). The subject put both heels on the floor and adopted a comfortable 
standing position with their toes open naturally. The measurements were performed with the eyes in both 
open and closed conditions. Under the eyes open condition, the subjects looked at a mark located on a wall 
2 m away. The measurement items were the environmental area (ENV. Area) with the eyes in both open 
and closed conditions, the total length of COP (LNG), and the area Romberg ratio. 

2.3 Statistical analysis
　Statistical software (SPSS statistics ver.23, IBM) was used for the statistical analyses. The subjects and 
evaluation items were examined using the Shapiro-Wilk test. Based on the results of the Shapiro-Wilk 
test, one-way ANOVA was used to perform comparisons among the three groups for items that exhibited 
normal distributions. The Bonferroni test or Games-Howell test was used for post-hoc testing. The Kruskal-
Wallis test was used for comparison of items that did not exhibit normal distributions among the three 
groups. All tests involved a significance level of 5%. In addition, the chi-square test was used to perform 
comparisons among the three groups for gender, and the Bonferroni test was used to correct the difference 
between groups. It was judged that there was a significant difference when the p value was less than 0.0166.

Figure 3　�X1 could be calculated as follows: X1=sin30°×90. The mean value of the error in the horizontal 
direction from point B to the measurement point (X2 cm) was calculated, and TPS was calculated using 
the arctangent formula (θ=ATAN(X2/90)).
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3. Results

　The background data and the RT and standing center of gravity sway data for the three groups are 
shown in Table 1 (Table 1). In the F group, the thoracic and lumbar vertebrae were fractured in 6 and 8 
(includes duplicates) patients, respectively. The number of fractured vertebrae was 1 in 9 cases and ≥2 in 4 
cases. In the comparisons among the three groups, significant differences in age, height, and body weight 
were detected between the F group and Y group (p<0.01), and between the NF group and Y group (p<0.01). 
BMI did not differ significantly among the three groups. TPS was significantly lower in the F group than 
in the Y group (p<0.01). The perimeter of the standing center of gravity sway area was significantly 
greater in the NF group than in the Y group under the eyes open condition (p<0.05). Under the same 
conditions, the LNG was significantly greater in the F group and NF group than in the Y group (p<0.01). 
Regarding standing center of gravity sway in the eyes closed condition, the ENV. area and LNG were both 
significantly greater in the F and NF groups than in the Y group (p<0.01). The area Romberg ratio did not 
differ significantly among the three groups.

Table 1　The background data and the RT and standing center of gravity sway data for the three groups

F group (n=13) NF group (n=11) Y group (n=13) P-Value post-hoc test
age (year) 79.3±7.6 78.5±6.3 26.3±2.6 <0.011) a,b)
length (cm) 147.6±9.8 151.0±7.2 168.3±9.6 <0.011) a,b)
weight (kg) 47.6±5.3 48.5±6.2 65.7±14.1 <0.011) a,b)
BMI 21.9±2.0 21.3±2.8 23.0±3.0 p=0.3891) −
gender (male: female) 1:12 2:9 7:6 p=0.0221) −

RT (°) 3.9±2.2 2.7±1.1 1.8±0.6 <0.011) a)
eyes open condition
  ENV. area (cm2) 4.9 (4.1-5.2) 6.5 (5.3-7.2) 2.6 (1.7-3.4) p=0.0112) b)
  LNG (cm) 116.5±38.6 134.5±52.4 51.8±29.6 <0.011) a,b)
eyes closed condition
  ENV. area (cm2) 5.7±3.3 9.4±6.1 2.8±1.5 <0.011) a,b)
  LNG (cm) 138.4 (110.7-202.8) 188.1 (143.1-254.4) 52.1 (31.2-98.5) <0.012) a,b)
Romberg ratio 1.2 (0.8-1.5) 1.5 (0.9-1.7) 0.9 (0.6-1.3) p=0.2252) −
Mean ± standard deviation, Median (interquartile range)
1) one-way ANOVA, 2) Kruskal-Wallis test
post-hoc test; a) there is a difference between F and Y group. b) there is a difference between NF and Y group.
BMI: body mass index, RT: relocation test, ENV. area: environmental area, LNG: total length of COP

4. Discussion

　The purpose of this study was to examine TPS in patients with vertebral compression fractures and 
to perform comparisons between healthy young adults and the elderly. As a result, it was suggested that 
patients with vertebral compression fractures exhibit reduced TPS compared with healthy young subjects. 
However, TPS did not differ significantly between the elderly with and without vertebral compression 
fractures. 
　Aging and vertebral compression fractures might have been responsible for the reduction in TPS seen in 
the F group compared with the Y group. Regarding the effects of aging on proprioception, previous studies 
have reported that the threshold of vibratory sensation increases approximately three times with aging12). 
Therefore, it can be interpreted that the fact that the F and NF groups exhibited higher X2 values than the 
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Y group was due to the effects of aging. However, a significant difference in X2 was only observed between 
the F and Y groups, and no significant difference was seen between the NF and Y groups. This was 
considered to have been caused by the effects of the vertebral compression fractures themselves in addition 
to the effects of aging. The following discusses the possibility that the observed reductions in TPS might 
have occurred due to the effects of the vertebral compression fractures. First, it is important to consider 
the effects of pain as a cause of vertebral compression fracture-related reductions in TPS. Previous studies 
have reported that lumbar positional sense was reduced in patients with lower back pain7,13). In addition, it 
has been reported that patients with chronic lower back pain exhibited reduced lumbar positional sense, 
even in the absence of pain14,15). Based on these findings, it is possible that the patients in the N group had 
consulted a medical institution complaining of lower back pain, and their TPS decreased due to the effects 
of the pain. 
　Next, the effects of increased lumbar muscle fatigue need to be considered as a cause of vertebral 
compression fracture-related reductions in TPS. Previous studies have reported that increased lumbar 
muscle fatigue and a concomitant reduction in blood supply adversely affected lumbosacral positional 
sense15,16). The mechanism responsible for these effects is that ischemia caused by increased muscle fatigue 
promotes the accumulation of metabolic substances and adversely affects proprioceptor control17,18). It has 
been reported that elderly people with vertebral compression fractures increased muscle fatigue in the 
trunk muscles19). In the present study, TPS was decreased in the F group, and the abovementioned findings 
suggest that the subjects in this group might have increased muscle fatigue in the trunk muscle. 
　Finally, the reduction in TPS due to vertebral compression fractures might have been due to a reduction 
in muscle mass in the lumbar region. Previous studies have suggested that the paraspinal muscles, such 
as the lumbar erector spinae and lumbar multifidus, function as proprioceptors that contribute to TPS20). It 
has been reported that the mass of the paraspinal muscles is decreased and the amount of intramuscular 
fat in the lumbar multifidus is increased in patients with vertebral compression fractures21). Therefore, 
it is considered that TPS was decreased in the F group, in which the paraspinal muscles (which act as 
proprioceptive receptors) might have changed. 
　In this study, we measured standing body sway in order to evaluate how static posture control is affected 
by proprioception. As a result, we found that the static posture control abilities of the F and NF groups 
were lower than that of the Y group. On the other hand, TPS was only lower in the F group than in the Y 
group. Therefore, it is considered that the main cause of the reductions in static posture control aging was 
aging rather than proprioception. 
　The main limitation of this study is that it was limited to patients with vertebral compression fractures 
who had consulted a medical institution complaining of lower back pain. However, there are many 
asymptomatic cases of vertebral compression fractures that do not involve pain at consultation3). Therefore, 
the results of this study must be interpreted carefully. In addition, the RT only evaluates certain aspects 
of TPS. In everyday life, positional sense contributes to posture control during dynamic and complex tasks, 
but does not usually involve conscious decisions22,23). On the other hand, the RT consciously challenges the 
subject and only involves a simple exercise. Therefore, when interpreting the results of this research it is 
important to keep in mind that the RT only evaluates certain aspects of TPS. In addition, the number of 
subjects in this study was smaller than the planned sample size (20 people per group). The reason was that 
not enough subjects were recruited.
　This study suggests that patients with vertebral compression fractures have lower TPS than healthy 
adults, but their ability to control static posture is comparable to that of elderly people without vertebral 
compression fractures. 
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