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Abstract.	 [Purpose] The aim of this study was to determine whether high frequency transcutaneous electrical nerve 
stimulation (HF-TENS) influences spasticity and motor function recovery after spinal cord injury (SCI). [Subjects] 
Thirty six male Sprague-Dawley rats (200–250 g) were received contusive SCI at T10 level. One week after SCI, 20 
rats with SCI showed increased spasticity. Rats with spasticity after SCI were randomly assigned into two groups: 
the HF-TENS group (n=10) and the control group (n=10). [Methods] HF-TENS stimulation (100 Hz, 200 µs) was 
applied to anterior tubercle of the tibia near the knee joint and ankle joint in front of the achilles tendon. To test the 
effects of HF-TENS on spasticity and motor function recovery, we assessed BBB, combined behavioral score and 
Modified Ashworth scale for 9 days, at 1 hour after HF-TENS application on hindlimb. [Results] Rats with 
HF-TENS showed a significant decrease in spasticity 7 days after the HF-TENS application and a prominent 
improvement in functional outcome 5 days after the HF-TENS application compared to the control group. 
[Conclusion] Our results suggest that HF-TENS may help relieve spasticity and improve recovery of motor function 
after SCI.
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INTRODUCTION

Spasticity, defined as abnormal excessive muscle tone, is 
a major symptom after spinal cord injury (SCI) that may 
contribute to the persistent problems in rehabilitation in 
patients with SCI1). Spasticity can cause many serious 
problems, including pain, impairment of free movement2), 
and limitations in daily living activities3). Several drugs 
such as baclofen and tizanidine usually have been used in 
the treating spasticity. However, many clinical trials of 
these spasmolytic drugs had limited success, because their 
side effects manifested after long usage4,5). In spite of the 
best efforts to manage spasticity, it remains strong interest 
in the discovery of novel therapeutics for spasticity.

There are many physical therapeutic approaches to 
spasticity management exit, including the use of superficial 
cold, diathermy and electrical stimulation. Several studies 
have been reported the effects of transcutaneous electrical 
nerve stimulation (TENS) on alleviation of spasticity 
accompanied with neurological conditions such as stroke 
and multiple sclerosis in human patients6–8). It has been 

suggested that TENS reduced spasticity with possible 
mechanisms by modulating abnormal spinal inhibitory 
circuits in patients with SCI9,10). Levin et al. found that 
repeated applications of TENS to the common peroneal 
nerve of the affected leg in spastic hemiparetic patients 
decreased spasticity with a reduction in magnitude of 
stretch reflexes11). However, other studies have shown that 
TENS impaired motor function recovery after sciatic nerve 
crush injury in experimental animal models12).

Previous studies demonstrated that high-frequency 
electrical stimulation was more effective than low 
frequency for treating in spasticity13–15). Studies have 
shown high-frequency TENS (HF-TENS) application to 
peripheral nerve treated spasticity effectively, but most of 
studies for reducing spasticity conducted by the short-term 
effects of HF-TENS7,10,13,16) and research on its long-term 
effects on spasticity of stroke is still insufficient.

Recent study showed that a single session of HF-TENS 
can immediately reduce spasticity following SCI in human 
patients17). Several other studies have shown the effects of 
HF-TENS on spasticity in neurological conditions, but 
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cumulative effects of HF-TENS on reducing spasticity and 
improvement of motor function recovery after SCI are not 
clear. Testing the effects of repetitive HF-TENS in reducing 
the spasticity and improving the motor function recovery in 
an experimental animal model may help to resolve this 
controversy. We have already reported that characteristics 
of motor recovery after SCI using spinal contusion animal 
model in rats18).

Thus, the present study investigated whether a repetitive 
HF-TENS application reduces spasticity of hindlimbs and 
improves motor function recovery after SCI in rats.

SUBJECTS AND METHODS

All animal procedures were approved by the Institutional 
Animal Care and Use Committee (IACUC) at the Korea 
University. The experiments were conducted on adult male 
Sprague-Dawley rats (n=36; Orient Bio Inc., Seoul, Korea) 
weighing between 200–250 g. The animals were kept in a 
thermo-hygrostat (temperature: 22–25 ℃, humidity: 55%) 
under 12:12 light/dark cycle (08:00–20:00). All animals 
were kept for least 5 days before surgery with ad libitum 
access to water and food.

The contusion was performed at the T10 level using the 
New York University (NYU) impactor under enflurane 
anesthesia (a mixture of 4% enflurane and 95% O2). A 
laminectomy was performed at the T10 spinal segment and 
the spinal column was stabilized by clamping the spinous 
processes of T9 and T11 with tissue forceps. A 10 g weight 
was then released onto the spinal cord from a 12.5 mm 
height. After the spinal cord contusion, the musculature was 
sutured, the skin was auto-clipped and the animals were 
allowed to recover from the anesthesia. The rats were 
housed four to a cage. The bladders were manually 
expressed twice a day until spontaneous urination had 
returned. To prevent urinary tract infection, Unasyn 
(Ampicillin/sulbactam, 100 mg/kg, Pfizer, Seoul, Korea) 
was injected intraperitoneally once a day for the first 3–5 
days. Absorbent bedding was used to prevent sores and 
infections in the paralyzed animals.

Following spinal contusion, rat showed increased 
resistant to passive movement in hindlimbs 1 week after 
injury: this was interpreted as spasticity. Two skin 
electrodes were attached to anterior tubercle of the tibia 
near the knee joint and the ankle joint in front of the 
Achilles tendon at the level of the superior border of medial 
malleolus. HF-TENS stimulation (Intelect NMES, 
Chattanooga group Inc., USA; frequency 100 Hz, pulse 
width 200 µs) was started 7 days postoperatively (PO) and 
applied for 15 minutes per a day as a single session, for a 
total of 10 sessions. Whereas the control group (n = 10) was 
received attachement of skin electrodes without electric 
delivery. Applied intensity was determined by increasing 
the intensity until a visible muscle contraction was observed 
and then diminishing the intensity to just below this level. 
This intensity was between 1.5 mA and 4 mA for most 
animals. Therefore, the intensity started at 1 mA, gradually 
increased to a maximum 4 mA.

To exclude the short-term effects of HF-TENS, Behav-
ioral tests for resistance to passive movement and motor 

function were conducted 1 hour after HF-TENS application. 
The tests were performed on each rat: 1 day prior to 
surgery; 1, 3, 5, 7 and 9 days PO before the start of the 
experiments. The rats that showed slight spasticity were 
excluded from the study. Other interventions except 
HF-TENS and medications were not provided during the 
conducting experiment.

For measuring motor function recovery after HF-TENS 
application, two methods were used. First, locomotor 
function was assessed by using the Basso, Beattie, and 
Bresnahan (BBB) locomotor Rating Scale19). Briefly, the 
BBB is divided into 22 levels from 0 to 21.

0–7: the early phase of recovery with the return of 
isolated joint movements of the three joints including hip, 
knee, and ankle

8–13: the intermediated phase of recovery with the 
return of paw placement, stepping and forelimb-hindlimb 
coordination

14–21: the late phase of recovery with the return of toe 
clearance during the stepping, predominant paw position, 
trunk stability and tail position. Left and right hindlimbs 
were assessed separately due to asymmetrical recovery.

Second, a modification of the combined behavioral score 
(CBS) of Gale et al.20) was performed at the time of the 
behavioral test for motor function. The CBS assigns a 
weight to each of its tests and combines them into one total 
score that represents the degree of motor impairment. Tests 
were as follows; motor scores, toe spread, righting reflex, 
extension withdrawal reflex, placing reflex and inclined 
plane. Neurological function was evaluated by a scoring 
system that is ranging from 0 for a normal rat to 90 for a 
completely paralyzed rat.

The resistance to the passive movement assessed by 
using modified Ashworth score (MAS). MAS rates passive 
movement resistance as follows; 0, no increase in muscle 
tone; 1, slight increase in tone giving a ‘catch’ when the 
limb is moved in flexion or extension; 1+, slight increase in 
tone giving a ‘catch’ followed by minimal resistance 
throughout the remainder of the range of motion (ROM); 2, 
more marked increase in tone but the limb is easily flexed; 
3, considerable increase in tone-passive movement difficult; 
4, limb rigid in flexion or extension. This study measured 
spasticity in grades of 0, 1, 2, 3, 4 and 5, with the mean 
found after repeating the measurement for three times. All 
the examinations were performed in a blind manner. To 
evaluate MAS scale, all rats were trained 1 week before 
beginning the experiments to adapt animals to environment 
and the procedures. Rats took the posture of prone position 
during the executing experiments. Measurer held the head 
of rat and covered rat’s eyes. After rats were habituated the 
environment and then relaxed completely, the passive 
movements were given to the hindlimbs of rats21). 
Generally, rats did not show any particular motions in other 
parts of body other than bending motion in the involved 
extremities when executed the passive movements in 
hindlimbs. When rats showed any signs of struggling, 
enough time to be relaxed was provided.

Statistical analyses were performed using SPSS (v 15). 
All values were expressed as mean ± standard error of the 
mean (SEM). The Mann-Whitney U test was used to 
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compare scores for the BBB, CBS and MAS scores 
obtained on a given experimental day between two groups. 
P values less than 0.05 were considered to be significant.

RESULTS

All rats were evaluated locomotor function in both 
hindlimbs using the BBB score by open field test. Prior to 
the contusion injury, all rats showed normal gait with a 
BBB score of 21. Immediately after the spinal contusion, 
the rats showed paralysis in their hindlimbs, corresponding 
to a BBB score of 0. At 1 day after the contusion injury, 
their BBB scores decreased markedly to 1.8 ± 0.5. 
However, progressive motor recovery was observed with 
hindlimb joint movement at 4 days PO and then relatively 
rapid recovery preceded until 14 days PO. The CBS scores 
increased to 68.6 ± 1.8 at 1 day PO, whereas the CBS score 
of all rats before the injury was 0 and dropped to 42.8 ± 2.3 
at 7 days PO. By 3 weeks after the SCI, motor recovery 
gradually proceeded (data not shown). These results are 
consistent with our previous report18).

To test the effect of repetitive HF-TENS on motor 
function recovery after SCI, HF-TENS was applied from 7 
days PO after SCI. There were no significant differences in 
BBB and CBS score between the HF-TENS and control 
groups. After the HF-TENS application, we found no 
significant difference in the BBB scores in either the 
HF-TENS or control groups, for the first 3 days. However, 
as of 5 days after the HF-TENS group began application, 
rats showed a prominent recovery of locomotor function 
compared to the controls. There were statistically significant 
differences between the groups (Table 1, p<0.05). 
Functionally prominent difference in locomotor function 
between the HF-TENS and controls was noticed up to 9 
days after HF-TENS application when its application was 
ended.

Although this score difference did not seem great, the 
difference in terms of motor functional gain was significant. 
Rats in the control group exhibited frequent weight-
supported plantar stepping, with no forelimb-hindlimb 
coordination. In contrast, the rat with HF-TENS application 
showed consistent weight-supported plantar steps and 
consistent forelimb-hindlimb coordination.

Simultaneously, CBS score were measured on 1, 3, 5, 7 
and 9 days after the HF-TENS application began at 7 days 
PO after SCI. After the repeated HF-TENS, rats showed 

significant decrease in CBS scores. Similar to the locomotor 
function results, significant difference in CBS score 
appeared from 3 days and maintained up to 9 days after 
HF-TENS application (Table 1, p<0.05).

Modified Ashworth score (MAS) was measured in both 
hindlimbs before and after the spinal contusion. MAS score 
started to go up from 4 days PO and gradually increased by 
1 week PO and were maintained in the high level up to 3 
weeks after the SCI, where allowed achievement of 
maximal motor recovery. To test the effect of HF-TENS on 
spasticity, MAS score was measured for 9 days in the 
HF-TENS and control group at 7 days PO after SCI (Table 
1, p<0.05). Rats subjected to contusive spinal cord injury 
showing MAS score above 2 were used in present study. In 
the HF-TENS group, MAS score decreased slightly 
compared to control beginning 1 day after HF-TENS appli-
cation. The prominent decrease of spasticity was observed 
from 7 days after HF- TENS application began.

DISCUSSION

This study demonstrated that repeated HF-TENS appli-
cation reduced spasticity following SCI. We also found that 
repeated HF-TENS application improved reflex and 
locomotor function. As several previous studies, which 
showed the beneficial effects of TENS on spasticity, 
suggest6–8), the present study indicates HF-TENS possesses 
therapeutic potential for controlling spasticity after SCI. To 
our knowledge, this is the first study evaluating the 
cumulative effects of long-term HF-TENS application on 
both spasticity and motor function in SCI using an animal 
model.

Spasticity, a feature of upper motor neuron syndrome, is 
defined as abnormal excessive muscle tone. Spasticity can 
raise problem in patients’ activities of daily living, because 
it interferes with voluntary motor control and causes muscle 
tightness, which in be discouraged the progress of motor 
function recovery1,2).

In this study, we used as contusive experimental animal 
model by using the NYU impactor which is one of accepted 
contusion models for studying SCI, because it generates 
injuries closely paralleling human clinical SCI cases22). In 
addition, we examined spasticity and motor function after 
the contusive SCI to test the HF-TENS effects on spasticity 
and motor recovery. Immediately after the contusive SCI, 
the rats showed paralysis in both hindlimbs, but motor 

Table 1.	 Comparison of the changes in the BBB, CBS and MAS scores of the HF- TENS group and control group
Measurements	 Groups	 Pre	 1D	 3D	 5D	 7D	 9D
BBB score	 HF-TENS (n=10)	 7.84 ± 1.03	 8.12 ± 0.74	 11.16 ± 1.03	 12.56 ± 0.68*	 13.21 ± 0.79*	 13.65 ± 0.92*
	 Control (n=10)	 7.57 ± 0.87	 7.87 ± 1.06	 10.25 ± 0.89	 10.74 ± 0.83	 10.36 ± 0.88	 11.73 ± 0.67
CBS score	 HF-TENS (n=10)	 39.68 ± 4.26	 35.13 ± 4.13	 27.58 ± 3.62*	 25.66 ± 4.12*	 22.73 ± 3.68*	 22.52 ± 3.08*
	 Control (n=10)	 41.25 ± 3.57	 36.38 ± 3.62	 34.37 ± 3.73	 31.63 ± 2.68	 28.27 ± 2.63	 29.77 ± 3.13
MAS score	 HF-TENS (n=10)	 3.10 ± 0.19	 2.75 ± 0.25	 2.50 ± 0.19	 2.45 ± 0.16	 2.16 ± 0.18*	 1.75 ± 0.25*
	 Control (n=10)	 3.15 ± 0.32	 3.00 ± 0.19	 2.85 ± 0.27	 2.75 ± 0.20	 2.63 ± 0.22	 2.45 ± 0.17

Note. Values are expressed as mean ± SEM. * means a significant difference compared with the control group at the same time point (p<0.05). HF-
TENS: high frequency Transcutaneous Electrical Nerve Stimulation; BBB: the Basso, Beattie, and Bresnahan locomotor Rating Scale; CBS: the 
combined behavioral score; MAS: Modified Ashworth scale. 
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function progressively returned from 4 days PO. With this 
progressive motor recovery, spasticity was observed in the 
hindlimbs and gradually increased above 2 of MAS score 
and maintained up to 3 weeks PO where reached plateau of 
motor recovery after SCI. Similar to the present results, 
Dong et al.21) reported that spasticity developed from 4 days 
and reached its peak on 7 days and maintained until 56 day 
after SCI in the spinal compression model.

To determine the therapeutic effects of HF-TENS on 
spasticity and motor recovery, HF-TENS administration 
was started 7 days after SCI in this study. The present 
results showed that HF-TENS application improved the 
recovery of motor function with progressive return of the 
reflexes compared to the control group. As a result, the 
significant difference in locomotor function between the 
HF-TENS and the control groups occurred beginning 5 
days after HF-TENS application. However, the prominent 
motor functional difference between the HF-TENS and 
control groups appeared from 7 days after HF-TENS appli-
cation. The two groups showed a sizeable difference in 
hindlimb function quality at that time point, although there 
was no great difference in the BBB scores, expressed in 
numbers. Rat receiving placebo-TENS application (control 
group) merely placed their limbs in a weighted fashion and 
showed occasional weighted plantar steps, whereas the 
HF-TENS group displayed nearly consistent plantar 
stepping with frequent forelimb-hindlimb coordination.

HF-TENS seems to be effective for reducing spasticity 
in the human and experimental SCI models including in our 
current results. HF-TENS slightly reduced spasticity from 1 
day after HF-TENS began; however, the significant effects 
of reducing spasticity appeared starting 7 days after 
HF-TENS began. The time course of these therapeutic 
effects on spasticity is similar to that of motor recovery. It 
suggests that alleviation of spasticity due to HF-TENS is 
correlated with improvement in reflex and voluntary motor 
functions. Our results are consistent with the previous 
report21) where effect of HF-TENS on spasticity was 
observed after compressive SCI. They found that 100 Hz 
TENS applied on near the knee joint effectively reduced 
spasticity immediately after the TENS stimulation. 
Similarly an earlier study on spastic hemiparetic patiens11) 
which showed that repeated TENS applications to 
peripheral nerve of the affected leg decreased spasticity 
with a reduction in stretch reflex magnitude, strongly 
supports our results.

After SCI, Ia-reciprocal inhibition is decreased. The 
treatment-induced activation of the Ia-reciprocal inhibition 
pathway23) and stimulation of the cutaneous afferents, 
which could repress motoneuronal excitability by 
depressing the propriospinal inter-neurons or inducing long 
term synaptic changes in primary afferents in the dorsal 
horn24) might be responsible for the spasticity reduction. 
Previous studies showed that high-frequency electrical 
stimulation is more effective for treating spasticity than is 
low frequency13–15). It has been suggested that the 
HF-TENS acts to reduce spasticity by modulating abnormal 
spinal inhibitory circuits9,10) by releasing dynorphin A and 
GABA. Recent studies demonstrated that HF-TENS causes 
the release of spinal dynorphin21), and spinal GABA25). 

Taken together, these findings also strongly suggest 
HF-TENS has therapeutic potential for treating spasticity 
and aiding motor recovery after certain types of SCI.

The present study showed that HF- TENS reduced 
spasticity and improved locomotor recovery after SCI in 
rats. These results suggest HF-TENS is useful in controlling 
spasticity and improving motor recovery following SCI. 
Further studies are warranted to investigate the mechanisms 
of this effect to provide evidence for the clinical application 
of HF-TENS.
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