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Abstract: 

Background: Baclofen and tizanidine are both used for the treatment of muscle spasticity of 

spinal origin. patients and methods: This study was conducted in Ibn Al-Quf hospital for spinal 

cord injuries from the period December 2011 to June 2012. All of the participants gave written 

consent to participate in the study. The patients were divided into 2 groups: Group (I): Baclofen 

with physiotherapy treatment group; and Group (II): Tizanidine with physiotherapy treatment 

groups .H-reflex measurements were performed. parameters were studied: H-reflex latency, M 

wave latency, H-reflex conduction velocity, H-reflex duration, H-reflex amplitude. Results: All 

the patients had symptoms of spasticity at any time during the day with a Modified Ashworth 

Scale (MAS) before performing the H-reflex study. highly significant improvement in the H/M 

ratio when comparing positive controls to the two groups while the H/M ratio in the negative 

controls shows no significant difference with group I and group II. A significant correlation was 

noticed between the height of control subjects & H-reflex latency (P= 0.002), significant positive 

correlation was also found (P=0.028) between the height & M wave latency in the control 

subjects, The results revealed that the type of treatment did not affect the H-reflex and F wave 

parameters except for the H/M ratio. conclusion: H-reflex can provide information regarding 

neural function after spinal cord injury and the H/M ratio can be used as a good indicator for 

both spasticity assessment and response to treatment. Tizanidine hydrochloride is useful in the 

management of spasticity    caused by SCI and can be used as a routine drug treatment although 

liver function tests should be periodically monitored. 
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Introduction 

     The muscle spindle is a specialized structure consisting of a connective tissue 

capsule surrounding several types of muscle fibers referred to as intrafusal muscle 

fibers
 (1).

   

    It is necessary to consider the morphology of the muscle spindle before 

describing their innervation, From the electrophysiological point of view, the H-

reflex has been considered the electrical equivalent of the tendon reflex. An 

important distinction between the H-reflex and the muscular contraction of a 

tendon tap is that the H-reflex directly activates the large Ia afferents in the nerve 

and bypasses the intrafusal muscle fibers, although some studies have shown 

patterns consistent with the reflex effects of both group Ia and group II afferents 
(2).

  

       The most commonly used H-reflex parameters are the H-reflex latency and the 

ratio of the peak-to-peak maximum H-reflex amplitude to maximum M wave 

amplitude (H/M ratio). The H-reflex latency is directly related to the height and, to 

a lesser degree, age
 (3).

  It is best predicted if these parameters are considered.  

   The aim of the study: The purpose of this study is to compare the 

effectiveness of the following treatment modalities on spasticity management using 

the H-reflex parameters in SCI persons: A) The central muscle relaxant (Baclofen) 

; B) The central muscle relaxant (Tizanidine) . 

Subjects and methods: 

  This study was conducted in Ibn Al-Quf hospital for spinal cord injuries from 

the period December 2011 to June 2012. All of the participants gave written 

consent to participate in the study. 

  They were having the following inclusion & exclusion criteria: 

       (1) The presence of a traumatic lesion of the spinal cord before at least 3-6 

months above the lumbar segments (above L2 spinal segment). 

       (2) Hyperreflexia in the triceps suraemuscle group (soleus & gastrocnemius 

muscles) with spastic symptoms defined as being painful or restricting activities of 

daily life. 

       The patients were divided into 2 groups as group (I): Baclofen with 

physiotherapy treatment group; and group (II): Tizanidine with physiotherapy 

treatment group as well as control (Positive controls = patients without treatment, 

Negative controls = healthy). 
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Clinical examination: All subjects were already examined neurologically for the 

spinal cord injury level by the rehabilitation specialists.  

Spasticity was assessed according to the Modified Ashworth Scale , Knee and 

ankle joint reflexes were evaluated. Patients were inspected about the presence of 

pressure ulcers, muscle atrophy or contractures.  

H-reflex study  

       H-reflex measurements were performed with 4-channels electrodiagnostic 

apparatus (CMS6600A EMG/EP system). Serial No. 20AB000006 Contec medical 

systems co., LTD. No.24 Huanghe West Road, Economic & Technical 

Development Zone, Qinhuangdao, Hebei Province, 066004, P.R.China.  

       The following parameters were studied: H-reflex latency, M wave latency, H-

reflex conduction velocity, H-reflex duration, H-reflex amplitude, M wave 

amplitude and the ratio between the maximum H-reflex amp. and the maximum M 

wave amp. was calculated (H/M ratio). These parameters were studied for the tibial 

nerve. 

Statistical analysis 

       Data were analyzed using the Statistical Package for the Social Sciences 

(SPSS) version 16 for Windows (Norusis, 2008). 

Results:

     Number and percentage of patients in regard to their SCI level was as follows 

table 1. 

Table (1): Number & percentage of the spinal cord injury level in all patients’ 

groups. 

Positive controls = patients without treatment, Negative controls = healthy , Group I = patients on physiotherapy and 

Baclofen drug, Group II = patients on physiotherapy and Tizanidine drug. 

Control Study groups 

+ve controls 

No.    per.% 

Group I 

No.    per.% 

Group II  

No.    per.% 

Spinal cord 

injury level 

Cervical 

Thoracic 

5     45.45% 

6      54.54% 

12       38.7% 

19        61.3% 

10     30.3% 

23      69.7% 
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        All the patients had symptoms of spasticity at any time during the day with a 

Modified Ashworth Scale (MAS) before performing the H-reflex study as follows: 

(Table2).  

Table (2): Number and percentage of the spinal cord injured patients 

according to the Modified Ashworth Scale 

     Results in table appearance highly significant improvement in the H/M 

ratio when comparing the positive controls to the two groups while the H/M 

ratio in the negative controls shows no significant difference with group I and 

group II. Mean± D of H/M ratio for group I (43.86 ± 17.06) more than group 

II (42.06 ± 20.14) when compare with control. 

Table (3): H/M ratio in the different treatment groups in comparison 

with the positive and negative controls. 

Groups H/M ratio 

Mean± D 

Control group +ve control 

- ve control 

72.94 ± 12.93 

35.54 ± 18.82** 

Group I Group I 

+ve controls 

43.86 ± 17.06 

72.94 ± 12.93** 

Group I 

-ve controls 

43.86 ± 17.06 

35.54 ± 18.82 

Group II Group II 42.06 ± 20.14 

Percentage % No. MAS Grade 

15.25 9 Grade 0 

55.93 33 Grade 1 

13.55 8 Grade 2 

6.78 4 Grade 3 

3.4 2 Grade 4 

5.09 3 Grade 5 

Journal of University of Shanghai for Science and Technology ISSN: 1007-6735

Volume 23, Issue 11, November - 2021 Page-288



+ve controls 72.94 ± 12.93** 

Group II 

-ve controls 

42.06 ± 20.14 

35.54 ± 18.82 

* P < 0.05, ** = P < 0.001

Correlation of age and height with the H-reflex latency 

       A significant correlation was noticed between the height of control subjects & 

H-reflex latency (P= 0.002) (figure 1), while there was no significant correlation of 

age with the H-reflex latency (P= 0.37) in this study. 

Figure (1): The significant positive correlation between height & H-reflex 

latency in the control group. 

       Accordingly, a single linear regression equation was used from the obtained 

data to predict the optimal H-reflex latency for the patients & controls to eliminate 

the effect of Ht on the H-reflex latency and as follows: 

 Optimal H-reflex latency (msec) = -7.596 + 0.236 (Ht-cm)

       Similarly, a significant positive correlation was also found (P=0.028) between 

the height & M wave latency in the control subjects as illustrated in figure (2). 

     Figure (2): Significant positive correlation between the height & 

M wave latency in the control group. 
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       A single linear regression equation was also used from the obtained data to 

predict the optimal M wave latency for the patients & controls and as follows:  

   Optimal M wave latency (msec) = - 4.028 + 0.061 (Ht-cm), The results revealed 

that the type of treatment did not affect the H-reflex and F wave parameters except 

for the H/M ratio.   

Discussion: 

Effect of extrinsic and intrinsic factors on H-reflex: 

       The H reflex can be affected by various intrinsic and extrinsic factors. 

Extrinsic factors like temperature, electrical artifacts and poor recording techniques 

and intrinsic factors like age, sex, height, position of patient, sleep and Jendressik’s 

maneuver
(4).

 the extrinsic factors i.e., temperature, electrical artifacts and poor 

recording techniques were taken in consideration during the test, in such a way that 

we stabilized these factors.  

       On the other hand, in concern to the intrinsic factors, this study found a 

significant correlation between height and H-reflex latency, but there was no such 

a relation between age and weight with the H-reflex latency. 

       Correlation between height and H-reflex latency as found in this study was 

similar to many other studies
 (5,6,7).

 Logically, taller subjects have longer conduction 

time of H-reflex because of longer conduction distance. 
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     On the contrary, there was no significant correlation between age and H-reflex 

latency and this was in contrary to other studies 
(4,7)

 who found a significant 

correlation between age and H-reflex latency. They stated that in older ages, there 

will be an increase in H-reflex latency of 0.1 msec/ year. This may be due to 

multiple factors including drop-out of largest fibers, segmental demyelination and 

remyelination process with a consequent reduction in internodal length
(8)

. 

       This might be attributed to that the mean age of the control subjects was less 

than 40 years and this may minimize the effect of neural structure remodeling with 

increasing age. Similarly, weight had no significant correlation with H-reflex 

latency and this is also what had been obtained by
 (7).

 Physiological variation in 

various parameters of H reflex due to sex could not be assessed due to very small 

sample size of female (control= 3,1% and patients= 5.9%).  

H-reflex latency, duration, conduction velocity and F-wave latency. 

       In this study the results of H-reflex latency, duration, conduction velocity and 

F-wave latency in spinal cord injured patients were not statistically different from 

the values obtained from healthy controls. 

 The SCI in this study was traumatic, there will be no reason that the peripheral 

nerve conduction velocity (NCV) will be affected in those patients.    

       Additionally, F-wave study reveals that the motor neurons are intact from the 

axon hillock of the anterior horn cell (AHC) down the motor axon to the 

innervated muscle 
(9) 

, the H-reflex latency was not affected by any treatment types 

used in this study. These findings were in agreement with many researchers 
(10,11)

. 

They concluded that physiotherapy, drug treatment and TENS does not affect H-

reflex parameters significantly except for the H/M ratio. 

H amp. max/ M amp. max ratio (H/M ratio) 

       The maximal M wave (M max) amplitude indicates that all the α-motoneurons 

of the innervated muscles were fired. It may be used as a base to normalize H-

reflex amplitude
(12,13).
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       Change of H-reflex amplitude is dependent on the number of α-motoneurons 

recruited by Ia afferents and affected by Ia inhibition
(14).

 But the M wave max. 

amplitude is not changed because the maximal direct motor response represents the 

activity of the whole motoneuron pool. However, a recent study reported that 

changes of M wave max. amplitude in the soleus occurred with changes in the 

ankle joint angle and the level of muscular contraction
(15)

 and suggested that M 

wave max. amplitude is influenced by peripheral factors at the recording site such 

as muscle length and the level of voluntary muscular activation with a possibility 

that M wave max. amplitude changes with posture
(16).

    Accordingly, the H max/M max ratio can be interpreted as the proportion of the 

entire motoneurone pool capable of being recruited. 

H/M ratio of positive versus negative controls 

       The results revealed that there was a highly significant difference between the 

positive and negative controls. 

       The high H/M ratio observed in the positive controls was similar to many 

other studies
 (17; 11).

 The H/M ratio in positive and negative control subjects was 

used as an index to measure the efficacy of the different treatment modalities used 

in this study as discussed below. 

H/M ratio in group I 

       In this group, our results gained agreement with the findings of Seliem et al. 

(2007) and 10) that showed significant reduction in H/M ratio. 

      Moreover, Orsnes et al. (2000) suggested that the antispastic effect of 

Baclofen is not caused by an effect on the transmitter release from Ia afferents or 

on disynaptic reciprocal Inhibition
 (18).

 But they suggest that the depression of the 

H-reflex by Baclofen is caused by a direct depression of motoneuronal excitability. 

       Additionally, Macdonell et al. suggested that the effects of Baclofen on 

spasticity and on the H-reflex may operate by different mechanisms and stated that 

not only the monosynaptic reflex contributes to spasticity
 (19)

, but there are a 

number of other reflexes which also contribute. They suggested that oral Baclofen 
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may inhibit polysynaptic reflexes in the spinal cord to reduce spasticity but may 

have little effect on monosynaptic reflex explaining the lack of inhibition of the H 

max / M max. These findings are in contrary to our study. This can be explained by 

that in our study all the patients had taken their full therapeutic dose that resulted in 

depression of the monosynaptic reflex and consequently the H/M ratio that was 

observed in another study after ITB bolus administration
(20)

. 

H/M ratio in group II 

       The findings of this group were in agreement with
 (21)

 who stated that 

significant suppression of H-reflex activity was seen after Tizanidine treatment in 

animals with spinal ischemic injury at a dose of 1 mg/Kg. 

      Moreover, previous experimental animal studies using systemically applied 

Tizanidine have demonstrated that Tizanidine preferentially depresses peripherally 

evoked spinal polysynaptic excitation and has modest suppressive effect on spinal 

monosynaptic reflexes 
(22).

 But Ismail et al. state that the centrally acting drug, 

Tizanidine, when administered at maximally tolerated dosage to patients had no 

significant effect on clonus
 (21)

. 

Comparison of the different treatment groups 

       There was no significant difference between the different treatment groups 

regarding the H/M ratio. However, in group I and group II, the H/M ratio reached 

nearly to the normal healthy subjects' value. This can be explained by the 

synergistic effect of H amplitude reduction and M amplitude increase (because of 

the combination treatment) resulting in overall decrease in H/M ratio.  

      The results of the current study are in agreement with the findings of 

Wagstaff et al.  who showed that improvement in muscle tone occurred in (60 to 

82) % of tizanidine recipients compared with (60 to 65) % of baclofen
 (24).

, that’s

mean Tizanidine has superior efficacy and less adverse effects than baclofen 
(25).

 

Conclusion: H-reflex can provide information regarding neural function after 

spinal cord injury and the H/M ratio can be used as a good indicator for both 

spasticity assessment and response to treatment. Tizanidine hydrochloride is useful 
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in the management of spasticity    caused by SCI and can be used as a routine drug 

treatment although liver function tests should be periodically monitored. 
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