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The present study examined muscle activity in response to backward 
perturbation in patients with clinical vertebral compression fracture 
(CVCF). The subjects were 32 patients aged 65 years and above con-
sisting of 16 each with (CVCF group) and without (control group) CVCF. 
The time to peak activity, and time of onset of muscle activity of the an-
terior tibial, vastus medialis, and rectus abdominis muscles when unex-
pected backward perturbation was applied were evaluated by surface 
electromyography. The strength of perturbation was 4% or 6% of the 
subject’s body weight. In addition, the presence of the stepping reaction 
to perturbation, severity of low back pain, and vertebral alignment were 
evaluated. Each item was compared between the two groups. In the 

CVCF group, kyphosis and severity of low back pain were significantly 
more severe, the time to peak activity of the anterior tibial muscle after 
the application of perturbation at 6% of the body weight was signifi-
cantly shorter, and the time of onset of activity of the rectus abdominis 
muscle was significantly delayed. This suggests that the time to peak 
activity of the anterior tibial muscle is shortened and the time of onset 
of activity of the rectus abdominis muscle is delayed in unexpected 
backward perturbation in patients with CVCF.

Keywords: Vertebral compression fracture, Muscle activity, Backward 
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INTRODUCTION

Vertebral compression fractures are the osteoporotic fracture 
most frequently observed in older individuals (Freitas et al., 2008). 
As characteristics of vertebral compression fractures, it has been 
reported that an existing vertebral compression fracture itself is a 
risk factor for new vertebral compression fractures (Klotzbuecher 
et al., 2000), and that the walking ability, balancing ability, and 
activities of daily living (ADL) decline with increases in the num-
ber of fractured vertebrae (Arima et al., 2017; O’Neill et al., 2004). 
The number of fractured vertebrae has also been demonstrated to 
affect survival (Hasserius et al., 2003; Ismail et al., 1998). Two-
thirds of vertebral compression fractures are asymptomatic or 
mildly symptomatic and may remain unrecognized (Cummings 
et al., 1998). If vertebral compression is confirmed later by imag-

ing examination, it is termed morphometric fracture and treat-
ment for osteoporosis is performed. On the other hand, if a patient 
consults a medical facility due to symptoms, such as low back 
pain, the condition is termed “clinical fracture” and is treated as 
fracture (Freitas et al., 2008). The incidence of clinical vertebral 
compression fracture (CVCF) is low, comprising 22%–33% of all 
vertebral compression fractures (Cummings et al., 1998), but it is 
internationally higher than that of proximal femoral fracture (Bow 
et al., 2012). Moreover, the cause of CVCF is mild trauma associ-
ated with events, such as falling, in approximately half of the pa-
tients (Freitas et al., 2008). Therefore, it is important to prevent 
secondary fracture due to falling after CVCF.

The direction of fall of older individuals has been reported to be 
forward in 44%, backward in 41%, and sideways in 37% (Cren-
shaw et al., 2017). However, in the same report, protective reac-
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tions, such as stepping, were observed in 82% of the forward falls 
but in only 37% of the backward falls. In addition, the impact on 
the body due to falling was large in the wrist and hand in forward 
falls, but in the hip joint and pelvis in backward falls. Fracture of 
the spine or lower limbs causes a more marked decline in ADL 
than fracture of the upper limbs (Stone et al., 2003). Therefore, 
after falls by older individuals, it is important to analyze posture 
control of the back in consideration of the difficulty in recovery 
after falling and sites that sustain impact even though there is no 
difference in the frequency of the direction of falls. Horak and 
Nashner (1986) suggested that muscle responses contribute to re-
covery of stability when balance is impaired by perturbation. 
Therefore, evaluation of the characteristics of muscle activity 
during perturbation response is considered to aid in the formula-
tion of programs to prevent falls and rehabilitate CVCF patients. 
We therefore examined muscle activity during the backward per-
turbation response in CVCF patients.

MATERIALS AND METHODS

Materials
The subjects were 16 patients with CVCF (CVCF group) and 

16 non-CVCF patients (control group). This is a cross-sectional 
study comparing these two groups. Women aged 65 years or old-
er who visited or were admitted for examination to the authors’ 
institution between May and July 2019, lived independently at 
home, and were able to walk without walking aids were enrolled. 
Patients who had marked visual impairment or sensory impair-
ment of the lower limbs, those with impairment of vestibular 
function, those with neuromuscular disorders, such as multiple 
sclerosis and multiple myositis, those with a history of cerebrovas-
cular disorders or orthopedic disorders of the lower limbs, those 
who complained of severe pain in the standing position or during 
walking, and those who did not understand or consent to the 
study were excluded. In addition, those within 6 months from the 
diagnosis of vertebral compression fracture and those with level 4 
or greater low back pain by the numerical rating scale (NRS) were 
excluded from the CVCF group. Patients who had lumbar pain 
within 2 years prior to the study were excluded from the control 
group. CVCF patients were defined as patients diagnosed with 
vertebral compression fracture complaining primarily of low back 
pain who were treated conservatively by corseting. Before data 
collection, all the procedures were explained to the participants, 
and they signed an informed consent form. This study was carried 
out after approval by the Institutional Review Board of Medical 

Corporation Shiseikai Watanabe Hospital (approval number: 
01703).

Methods
For the attributes of the subjects, their age, height, body 

weight, body mass index (BMI), disease primarily responsible for 
hospital visits or hospitalization, fractured vertebral bodies, num-
ber of compression fractures, and circumstances of compression 
fracture were extracted. The evaluation items were muscle activity 
and the presence of stepping reaction when backward perturba-
tion was applied, severity of low back pain, and vertebral align-
ment. The disease primarily responsible for hospital visits or hos-
pitalization, fractured vertebral bodies, number of compression 
fractures, and circumstances of compression fracture were extract-
ed from electronic charts. The most severe pain felt in daily living 
orally expressed by the patients according to an NRS was recorded 
as the severity of low back pain.

Backward perturbation for the measurement of muscle activity 
was implemented by the postural stress test according to the re-
port by Chandler et al. (1990). Via this method, backward pertur-
bation is applied by winding a belt with a rope around the waist 
of the standing subject, hanging a weight on the other side of the 
rope, and allowing the weight to fall freely via a pulley. The set-
ting of measurement is shown in Fig. 1. In this study, a similar 
measurement condition was prepared by attaching a pulley to a 
height-adjustable bed. The weight was placed on a special table 
(free-fall device) set at the highest level not causing tension in the 
rope, and the measurer was able to freely decide the timing of the 
fall. The subjects stood with their eyes open and both arms hang-
ing along the sides of the trunk, and legs comfortably spread at 60 
cm from the bed with their back turned to it. They were instruct-
ed to maintain a relaxed standing position. A nonstretchable band 
of 10 cm in width and 150 cm in length was tightly wound 
around the subject’s pelvis by positioning the upper margin of the 
band at the level of the cephalic end of the iliac crest. Regarding 
the procedure, before measurement, the subjects were uniformly 
instructed, “Your body will be pulled backwards, but please try 
not to fall and keep standing.” There was no practice before the 
measurement. The measurer was positioned between the subject 
and the bed to prevent the subject from falling. Five seconds after 
the above instruction was given, the weight was allowed to fall, 
and backward perturbation was applied to the subject. Although 
the objective of this study was to observe muscle activity in re-
sponse to unexpected perturbation, the minimum necessary ex-
planation was given as above concerning the content of the test in 
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consideration of ethics. The measurements were performed under 
two conditions: using a weight equaling 4% of the body weight 
and a weight equaling 6% of the body weight (4%BW and 
6%BW conditions, respectively). The weight of the weights was 
rounded to the nearest 100 g. Measurement was performed once 
each under the 4%BW and 6%BW conditions in this order. At 
the same time, the presence of backward stepping was visually as-
sessed by the measurer. Stepping was judged to be absent if the 
subject was able to remain standing in the original position and 
present if the subject stepped backward with either foot.

Muscle activity was measured using a surface electromyography 
at a sampling frequency of 1,000 Hz. The surface electrodes were 
attached at the right anterior tibial muscle (three fingerbreadths 
inferomedially from the fibular head), vastus medialis muscle (two 
fingerbreadths inferomedially from the upper margin of the patel-
la), and rectus abdominis muscle (2–3 cm laterally from the um-
bilicus), and the reference electrode was placed at the right fibular 
head. The interelectrode distance was 2.5 cm. The time of falling 
of the weight was determined with a foot switch attached to the 

testing device, on which the weight was placed. The electromyo-
grams obtained were processed using band-pass filters (10–500 
Hz) and full-wave rectified. From the processed electromyograms, 
the time to peak activity and time of onset of activity of each 
muscle were calculated. The time to peak activity was defined as 
the time from the fall of the weight to peak activity of each mus-
cle. The time of onset of activity was the time from the fall of the 
weight to the onset of activity of each muscle. The onset of muscle 
activity was defined as the time when the amplitude of the activi-
ty exceeded two standard deviations from the mean activity 
during relaxed standing.

The vertebral alignment was evaluated using the kyphosis in-
dex representing the degree of spinal kyphosis according to the 
report by Milne and Lauder (1974). During the measurement, the 
subjects comfortably sat on the bed with their arms crossed and 
plantae separated from the floor. The subjects wore only under-
wear, a 50-cm flexible ruler was applied to the dorsal curvature 
from the spinous process of the 7th cervical vertebra (C7) to the 
spinous process of the 4th lumbar vertebra (L4), and the shape of 
the ruler was traced on paper. The line from C7 to L4 on the trace 
was defined as L (cm), the distance from line L to the apex of the 
curvature was defined as H (cm), and the kyphosis index was cal-
culated as the percentage of H relative to L (H/L×100) using the 
equation by Milne and Lauder (1974). The measurement was per-
formed 3 times, and the mean of the three measurements was 
used for analysis.

Regarding the attributes of the subjects and evaluation items, 
the normality of age, height, body weight, BMI, time to peak ac-
tivity, time of onset of muscle activity, and kyphosis index were 
examined by the Shapiro–Wilk test. Based on the results of the 
Shapiro–Wilk test, the t-test was performed for items that exhib-
ited normal distribution, and the Mann–Whitney U-test was per-
formed for those that did not for comparison between the two 
groups. Pain expressed using the NRS was compared by the 
Mann–Whitney U-test, and the presence of stepping was com-
pared by the chi-square test between the two groups. IBM SPSS 
Statistics ver. 21.0 (IBM Co., Armonk, NY, USA) was used for 
statistical analysis. All tests were performed at the significance 
level of 5%.

RESULTS

The attributes, kyphosis index, NRS score, and presence of 
stepping between the CVCF and control groups are compared in 
Table 1. No significant difference was observed in age, height, body 

Fig. 1. The setting of measurement for backward perturbation response (a, 
winding belt; b, free-fall device; c, foot switch; d, pulley; e, weight). Backward 
perturbation is applied by winding a belt with a rope around the waist of the 
standing subject, hanging a weight on the other side of the rope, and allowing 
the weight to fall freely via a pulley.
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weight, BMI, or presence of stepping between the two groups. 
The kyphosis index (P<0.01) and NRS score (P<0.05) were sig-
nificantly higher in the CVCF group than in the control group. 
The primary reason for hospital visits or hospitalization was fol-
low-up after vertebral compression fracture in 7, hypertension in 
4, hospitalization for examination associated with gastrointestinal 
endoscopy in 2, dyslipidemia in 1, osteoporosis in 1, and bronchi-
tis in 1 in the CVCF group, and osteoporosis in 4, hospitalization 
for examination associated with gastrointestinal endoscopy in 4, 
hypertension in 2, scapulohumeral periarthritis in 2, finger fracture 
in 2, follow-up after pneumonia in 1, and treatment for left lower 
leg contusion in 1 in the control group. The fractured vertebrae 
were thoracic vertebrae in 5 and lumbar vertebrae in 11. The num-
ber of fractured vertebrae was 1 in 14 and 2 or more in 2. The caus-
es of compression fracture were the appearance of low back pain in 
10, fall in 4, and lifting a heavy object in 2.

The muscle activity during the backward perturbation response 
between the CVCF and control groups is compared in Table 2. 
During perturbation at 4%BW, no significant difference was not-
ed in the time to peak or time of onset of muscle activity. During 
perturbation at 6%BW, the time to peak anterior tibial muscle 
activity was significantly shorter (P<0.05) and the time of onset 
of activity of the rectus abdominis muscle was significantly slower 
(P<0.05) in the CVCF group than in the control group.

DISCUSSION

The objective of this study was to evaluate the characteristics of 
muscle activity during the backward perturbation response in pa-
tients with CVCF. This study suggested that the time to peak an-
terior tibial muscle activity is shorter and the time of onset of rec-
tus abdominis muscle activity is slower during the posterior per-
turbation response in CVCF patients.

If the floor suddenly moves forward, or the shoulder girdle or 
pelvic girdle is pulled in the standing position, the body sways 
backward or the position of the center of gravity deviates from the 
base of support constituted by the area of contact of the planta 
with the floor, possibly resulting in falling. When the body is ex-
posed to such sudden perturbation stress, it exhibits several reac-
tions to maintain the position of the center of gravity in the base 
of support. Horak and Nashner (1986) found that when backward 
perturbation was applied to young subjects by horizontally mov-
ing the stable floor anteriorly, synergic muscles on the anterior 
side of the body exhibited standard activity ascending from the 
anterior tibial muscle to the quadriceps femoris muscle and the 
rectus abdominis muscle. However, such standard muscle activity 
has been reported to differ depending on physical functions and 
characteristics, for example in older individuals compared with 

Table 1. Attributes, kyphosis index, NRS score, and presence of stepping be-
tween the CVCF and control groups

Variable CVCF 
(n= 16)

Control 
(n= 16) P-value

Age (yr) 79.5± 6.6 75.7± 6.0 0.10a)

Height (cm) 146.1± 7.0 146.7± 4.9 0.79a)

Weight (kg) 47.1± 7.1 49.2± 6.2 0.38a)

Body mass index (kg/m2) 22.0± 2.5 22.9± 2.7 0.34a)

Fractured vertebral bodies
   Thoracic vertebrae:lumbar vertebrae 5:11 - -
No. of compression fractures
   Singular:multiple 2:14 - -
Kyphosis index 14.4± 4.0 9.6± 1.9 0.00a)

NRS 0.5 (0–3.0) 0 0.02b)

Stepping reaction
   4%BW (positive:negative) 11:5 13:3 0.34c)

   6%BW (positive:negative) 7:9 8:8 1.00c)

Values are presented as mean± standard deviation, number, or median (interquar-
tile range).
NRS, numerical rating score; CVCF, clinical vertebral compression fracture; BW, 
body weight.
a)t-test. b)Mann–Whitney U-test. c)Chi-square test.

Table 2. Muscle activity during the backward perturbation response between 
the CVCF and control groups

Variable CVCF (n= 16) Control (n= 16) P-value

The time to peak activity 4%BW
   TA (msec) 336.5 (253.3–460.8) 311.0 (263.5–342.5) 0.56b)

   MV (msec) 365.0 (283.0–564.8) 344.5 (320.0–396.8) 0.72b)

   RA (msec) 268.0 (208.5–648.5) 299.0 (266.8–380.0) 0.70b)

The time of onset of activity 4%BW
   TA (msec) 170.5± 56.5 182.6± 46.0 0.51a)

   MV (msec) 226.0 (174.0–291.8) 225.0 (205.5–265.8) 0.96b)

   RA (msec) 238.0 (198.0–275.3) 275.5 (248.5–361.5) 0.18b)

The time to peak activity 6%BW
   TA (msec) 292.5 (269.0–381.8) 388.5 (347.0–423.8) 0.02b)

   MV (msec) 378.5 (336.5–412.3) 428.5 (354.3–448.3) 0.49b)

   RA (msec) 316.0 (260.5–400.3) 309.5 (276.8–436.0) 0.87b)

The time of onset of activity 6%BW
   TA (msec) 186.9± 41.7 161.8± 37.0 0.08a)

   MV (msec) 247.6± 64.1 224.9± 57.2 0.30a)

   RA (msec) 309.0 (260.5–334.8) 268.5 (178.3–300.3) 0.04b)

Values are presented as median (interquartile range) or mean± standard deviation.
CVCF, clinical vertebral compression fracture; BW, body weight; TA, tibialis anterior; 
MV, medial vastus; RA, rectus abdominis.
a)t-test. b)Mann–Whitney U-test. 
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younger individuals and in older individuals with poor balance 
compared with those with good balance (Horak et al., 1989; Lin 
and Woollacott, 2002). In this study, differences in muscle activi-
ty during the backward perturbation response were observed ac-
cording to the presence of CVCF.

In the CVCF and control groups, the anterior tibial, vastus me-
dialis, and rectus abdominis muscles were activated in this order 
under both the 4%BW and 6%BW conditions. Thus, the order 
of the onset of activity of synergic muscles responding to back-
ward perturbation alone suggests that both the CVCF and control 
groups responded to perturbation primarily by the ankle strategy. 
However, it has been reported that the body responds to perturba-
tion first by the genuine ankle strategy and then by the hip strate-
gy with increases in the strength of perturbation (Runge et al., 
1999). Therefore, it is possible that not only the genuine ankle 
strategy but also the hip strategy was used for posture control in 
the subjects of this study. Through this connection, muscle activi-
ty differed between the CVCF and control groups only under the 
6%BW condition. In consideration of the above reports, the hip 
strategy is considered to have been added to the initial ankle strat-
egy with the increase in the strength of perturbation from 4%BW 
to 6%BW, which may have caused the differences in muscle ac-
tivity between the two groups at 6%BW.

We speculate the cause of shortening of the time to peak anteri-
or tibial muscle activity and the delay in the onset of rectus ab-
dominis muscle activity in the CVCF group to be as follows: First, 
low back pain may have played a role in the delay in the onset of 
rectus abdominis muscle activity. According to previous studies of 
muscle reactions to unexpected perturbation in low back pain pa-
tients (Jacobs et al., 2016; Shenoy et al., 2013), the time of onset 
of the activity of trunk muscles, including the rectus abdominis 
muscle, was slower in low back pain patients than in no-low back 
pain patients. In this study, the NRS score was significantly high-
er in the CVCF group than in the control group, suggesting that 
low back pain caused a delay in the onset of rectus abdominis 
muscle activity.

Next, regarding the decrease in the time to peak anterior tibial 
muscle activity and the delay in the onset of rectus abdominis 
muscle activity, the vertebral compression fracture itself may have 
played a role. The somatic sense processes unexpected perturba-
tion most quickly, and the body was suggested to strongly depend 
on somatic sense in postural control against perturbation (Dietz et 
al., 1994; Horak et al., 1994). Proprioception, which is one of the 
somatic senses, functions in the stability of the body in the envi-
ronment according to sensory input from muscle spindles, tendon 

organs, skin receptors, and joint receptors (Andersson and Mag-
nusson, 2002; Kavounoudias et al., 1999). In patients with lum-
bar vertebral disorders, spinal proprioception is reported to be re-
duced (Brumagne et al., 2004; Claeys et al., 2011; Johanson et al., 
2011). As a result, they have been suggested to depend on sensory 
input from the ankle rather than the trunk and control the pos-
ture primarily by the use of muscles around the ankle (Brumagne 
et al., 2004). In addition, increased kyphosis may be related to 
shortening of the time to peak anterior tibial muscle activity. The 
range of spinal extension is expected to decrease with progression 
of kyphosis. In addition, Posterior inclination of the pelvis (rela-
tive extension of the hip) was also reported to increase with in-
creases in kyphosis (Ota et al., 2015). In the perturbation re-
sponse, the hip strategy controls the movement of the center of 
mass of the body by generating large and rapid motions of the hip 
(Horak and Nashner, 1986). For the hip strategy during the back-
ward perturbation response, extension of the spine and hip is nec-
essary to anteriorly shift the pelvis along the sagittal plane. How-
ever, extension of the spine and hip may become insufficient if ky-
phosis is increased, as in the CVCF group of this study. Thus, the 
CVCF group may have responded to perturbation by shortening 
the time to peak anterior tibial muscle activity, i.e., extensively 
using the ankle strategy, to compensate for the hip strategy, which 
was made insufficient by advanced kyphosis. Based on these ob-
servations, the shortening of the time to peak anterior tibial mus-
cle activity and the delay in the time of onset of the rectus abdom-
inis muscle activity in the CVCF group were speculated to have 
been induced by low back pain, decline in spinal proprioception, 
and increase in kyphosis associated with vertebral compression 
fracture.

Moreover, the shortening of the time to peak anterior tibial 
muscle activity may have been related to the delay in the time of 
onset of rectus abdominis muscle activity in the CVCF group. In 
response to posterior sway of the body in the standing position, 
synergic muscles act in coordination to maintain the center of 
pressure in the base of support (Krishnamoorthy et al., 2003). 
However, if some of the synergic muscles are subject to restriction, 
and temporal or quantitative changes occur in their activity, other 
synergic muscles are considered to change their activity temporal-
ly or quantitatively to compensate for the defect in postural con-
trol. Therefore, although the causative relationship is unclear, the 
shortening of the time to peak anterior tibial muscle activity or 
the delay in the onset of rectus abdominis muscle activity ob-
served in the CVCF group may have occurred secondary to which-
ever preceding change.
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The limitations of this study are as follows: First, the vertebral 
compression fractures evaluated in this study were restricted to 
CVCFs. In this study, the presence of morphometric fractures was 
not evaluated by radiography in the control group and the possi-
bility of their inclusion cannot be denied. Therefore, it is difficult 
to apply the results of this study to patients diagnosed with mor-
phometric fractures. Next, muscle activity in response to back-
ward perturbation was evaluated simply according to temporal 
indices such as the time to peak muscle activity and time of onset 
of muscle activity. In patients with vertebral compression frac-
tures, exertion of maximum voluntary contraction of the trunk 
muscles is not recommended because it may induce re-fracture 
and exacerbate pain. However, explorative attempts at normaliza-
tion using the peak value have been made in previous studies 
(Greig et al., 2014), and quantitative evaluation of muscle activity 
is considered necessary in the future.

As a conclusion of this study, shortening of the time to peak an-
terior tibial muscle activity and delay in the time to onset of rec-
tus abdominis muscle activity were suggested during the back-
ward perturbation response in patients with CVCF. These results 
suggest the necessity of developing a rehabilitation program with 
particular attention to neuromuscular responses to perturbation 
for the prevention of backward falling by CVCF patients.
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