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compared to general anesthesia, it is associated with less 
blood loss, surgical stress, useful in difficult airway cases, 
decreased incidence of  thromboembolic events along with 
a decreased length of  stay, cost, aids in early ambulation, and 
lowers 30-day mortality.[1] Various techniques and adjuvants 
were tried intrathecally and systemically along with local 
anesthetics to improve the quality of  block, prolong 
the postoperative analgesia, and to eliminate the anxiety 
related to surgery during regional anesthesia.[2-3] Alpha-2 
adrenergic agonists clonidine and dexmedetomidine have 
both sedative and analgesic properties[4,5] and potentiate 
the effect of  local anesthetics when used as adjuvants in 
regional anesthesia. They prolong the duration of  sensory 
and motor block and also post-operative analgesia.[6-8]

INTRODUCTION

Orthopedic lower limb surgeries are lengthy procedures 
associated with significant post-operative pain. Although 
sub-arachnoid block is the most commonly used regional 
anesthetic technique, it has the disadvantage of  a short 
duration of  anesthesia and post-operative analgesia. When 
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Abstract
Background: Alpha-2adrenergic agonists, when used simultaneously as systemic adjuvants to local anesthetics show synergistic 
action and improve the quality of spinal anesthesia and prolong the post-operative analgesia. We aimed to study the effects of 
intramuscular dexmedetomidine versus clonidine on the duration of bupivacaine sub-arachnoid block, post-operative analgesia, 
and sedation in patients undergoing lower limb orthopedic surgeries.

Materials and Methods: The study design was a prospective, randomized, and double-blind study. Eighty adult consented 
patients of ASA I or II, scheduled for orthopedic lower limb surgeries under spinal block were randomized to two groups of 
40 patients per group. Group D received IM dexmedetomidine 1 μgkg−1, Group C received IM clonidine 2 μgkg−1, and 30 min 
before the bupivacaine subarachnoid block. The time of onset of sensory and motor block, the time required for complete 
sensory and motor recovery, time of the first request of rescue analgesia, and sedation levels were compared between the 
groups. Collected data were analyzed using the student “t” test, Chi-square test/Fisher exact test, and P < 0.05 was considered 
statistically significant.

Results: The mean onset time of sensory and motor block was reduced, the mean time required for complete sensory recovery 
was increased and the time of the first request of rescue analgesia was prolonged in the dexmedetomidine group compared 
to clonidine group with a significant P < 0.05. Ramsay sedation score was higher in the dexmedetomidine group compared to 
clonidine group (P = 0.003)

Conclusion: Premedication with a single dose of intramuscular dexmedetomidine before bupivacaine spinal anesthesia acts 
as an effective adjuvant and potentiates the quality of block and prolongs post-operative analgesia more than intramuscular 
clonidine.
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Clonidine and dexmedetomidine can be administered by 
intramuscular, oral, intranasal, intravenous, intrathecal, and 
epidural routes.[9-11] They act by a central and a peripheral 
mechanism which enables them to give these drugs through 
different routes with the same effect. Dexmedetomidine a 
selective α-2-adrenoreceptor agonist is more effective than 
clonidine as analgesic and sedative with an α2/α1 selectivity 
ratio which is 8–10 times greater than that of  clonidine.[12] 
However, the dose of  clonidine 1.5–2 times higher than 
dexmedetomidine.[13,14]

There are very few studies comparing the effects of  
intramuscular clonidine and dexmedetomidine on the 
quality of  the sub-arachnoid block. Hence, our objective 
is to evaluate and compare the effect of  intramuscular 
dexmedetomidine versus clonidine on the onset and duration 
of  sensory and motor block, time for request of  the first 
analgesic, sedation level, and adverse effects if  any after 
sub-arachnoid block in te lower limb orthopedic surgeries.

MATERIALS AND METHODS

After approval of  study protocol by the Institutional Ethics 
Committee, we conducted this prospective randomized 
double-blind study on 80 consented adult ASA Grades I 
and II patients of  either sex, aged 20–60 years, weighing 
50–70 kg, height measuring 150–170 cm, and posted 
for elective lower limb orthopedic surgeries under 
spinal anesthesia in the Orthopedic operation theater, 
Government General Hospital affiliated to Rangaraya 
Medical College, Kakinada.

Exclusion Criteria
1. Unwilling by Patient,
2. Patients allergic to the amide group of  local anesthetics
3. Patients with a history of  cardiac disease, diabetes 

mellitus, hypertension, chronic obstructive respiratory 
disease, hepatic, renal, neurologic disease, and 
psychological disease.

4. Patients on Alpha-2 agonists, beta-blockers, alcohol, 
and drug abuse

5. Patients with bleeding diathesis, pre-existing neurological, 
spinal deformities, infection at the site of  the block 
(contraindications for the sub-arachnoid block)

6. Pregnancy
7. Emergency surgeries

Written informed consent was obtained from all the 
80 patients after completing a thorough pre-anesthetic 
checkup with all necessary/relevant investigations and 
every patient was explained about visual analog scale (VAS) 
0–10 for pain scoring and was kept on nil by mouth for 
8 h before surgery.

Patients subjected to the study were randomized into 
two groups of  40 subjects each by computer-generated 
random numbers using sealed envelopes. The premedicant 
study drugs were premixed by an anesthetist who is 
unaware of  the study. The study drugs were administered 
intramuscularly to all the patients as a single dose 30 min 
before giving sub-arachnoid block.

•	 Group D:  n  = 40 rece ived intramuscular 
dexmedetomidine 1 μg/kg−1 diluted up to 2 ml with 
normal saline as a single dose.

•	 Group C: n = 40 received intramuscular clonidine 
2 μg/kg−1 diluted up to 2 ml with normal saline as a 
single dose.

Standard monitors were attached and vitals such as 
heart rate (HR), non-invasive blood pressure (NIBP), 
electrocardiography (ECG), Pulse oximetry (SpO2), and 
respiratory rate (RR) were recorded baseline, before 
injection and post-injection. An 18-G venous cannula was 
secured and Ringer’s lactate solution was infused at the 
rate of  10 ml/kg before spinal anesthesia. After 30 min, 
under strict aseptic conditions, the subarachnoid block 
was performed at L3–L4 interspace using a 25 Gauge 
Quincke–Babcock’s needle. After the free flow of  CSF, 
0.5% hyperbaric bupivacaine 3 ml (15 mg) was injected 
intrathecally. The time of  injection was noted as 0 (time). 
The observer anesthesiologist who records data was 
blinded to group allocation. Oxygen was supplied at a rate 
of  6 L/min using a face mask. The onset and duration of  
sensory and motor block were tested using the pinprick 
method. The motor blockage was graded using modified 
Bromage scale[15] (Grade 0: No paralysis, Grade 1: Unable 
to raise the extended leg, Grade 2: Unable to flex the knee, 
and Grade 3: Unable to flex ankle). Sensory and motor 
block were tested every minute during the first 10 min, 
every 15 min intraoperative and postoperatively. The time 
of  onset and duration of  sensory and motor block were 
recorded. The time of  injection was noted as time 0. The 
time taken to attain the highest dermatomal level was noted.

The time of  recovery of  sensory block was considered as 
two-dermatome regression from the highest sensory level. 
The time of  recovery of  motor block was the time to return 
to Grade 1 on the modified Bromage scale.

VAS
VAS[16] was used to test post-operative pain (Scale 0: No 
pain and 10: Worst possible pain) at 4, 6, 12, and 24 h. The 
duration of  analgesia was considered as the time since the 
administration of  the sub-arachnoid block until the first 
request of  rescue analgesia. Injection diclofenac sodium 
75-mg intramuscular is given for patients with a VAS score 
of  three or more.
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Sedation Score
Sedation score was assessed using Ramsay’s Sedation 
Scale[15] (RSS) (Score 1: Anxious or agitated, Score 2: Co-
operative and tranquil, Score 3: Drowsy but responsive to 
command, Score 4: Asleep but responsive to glabellar tap, 
Score 5: Asleep with sluggish response to tactile stimulation, 
and Score 6: Asleep and no response). The sedation score 
was recorded every 10 min after administration of  the 
drug and then 10 min after giving sub-arachnoid block and 
thereafter postoperatively.

Vital parameters such as non-invasive blood pressure, heart 
rate, respiratory rate, and SpO2 were noted baseline, after 
premedication, 3 min after sub-arachnoid block, every 
5 min for the first 15 min, and, after that, every 15 min 
up to 1 h, after that every 30 min till the end of  surgery. 
The duration of  surgery was noted. A drop in MAP 
from 20% of  the baseline is defined as hypotension and 
managed with intravenous fluid bolus and mephentermine 
3 mg increments. Heart rate <50 beats/min is defined 
as bradycardia and managed with intravenous Atropine 
0.5 mg. Respiratory rate <12 breaths/min is defined 
as respiratory depression and managed with oxygen 
supplementation. Side effects if  any such as hypotension, 
bradycardia, nausea, and vomiting, respiratory depression, 
and shivering noted.

The sample size was calculated based on the pilot study 
observations conducted with a sample of  20 patients, 
ten patients in each group. To get a difference of  >20% 
increase in the mean time for request of  the first analgesic 
in between the groups with an α-error of  0.05 and power 
of  85%, we needed a sample size of  37 patients in each 
group (using power analysis and sample size software.com). 
Hence, 40 patients were enrolled in each group to account 
for dropouts. The patients involved in the pilot study were 
excluded from the original study.

Statistical Analysis
The collected data were finally analyzed using Microsoft 
Excel and GraphPad.com software. Data were disclosed 
as mean, standard deviation, ratio or percentage (%) or 
absolute numbers, and compared using student’s t-test, 
Fisher’s exact test, and Chi-square test to detect the 
significance of  study parameters between the two groups. 
P < 0.05 was considered statistically significant.

RESULTS

All the 80 patients completed the study successfully 
under spinal anesthesia. The demographic data of  the 
patients in terms of  age, sex, weight, height, ASA I/II, 
and mean duration of  surgery were comparable without 

any statistically significant difference between the groups 
[Table 1].

Premedication with intramuscular dexmedetomidine before 
sub-arachnoid block with bupivacaine resulted in earlier 
onset of  sensory (3.58 ± 1.16 min) and motor block (4.56 ± 
1.32 min) in Group D when compared to clonidine (Group 
C) which has a mean onset time of  4.51 ± 1.32 min and 
5.46 ± 1.04 min for sensory and motor block, respectively, 
with a statistically significant difference between the groups 
(P = 0.001) [Table 2, Figure 1].

The mean time required for complete sensory recovery 
was 218.31 ± 24.82 min in Group D which was higher 
than Group C (199.05 ± 26.84 min), which was statistically 
significant (P = 0.001), [Table 2, Figure 2].

The mean time for complete motor recovery was similar 
in both groups. It was 223.42 ± 16.58 min in Group D 
and 216.31 ± 18.06 min in Group C, respectively, with 
no statistically significant difference among the groups 
(P = 0.070) [Table 2, Figure 2]. 

The mean time of  the first request of  analgesia was 
increased in Group D (339.04 ± 22.73 min) as compared 
to Group C (228.38 ± 26.20 min) with a statistically 

Table 1: Demographic data of the patients
Parameters Mean±Standard Deviation (n=40) P value

Group D Group C
Age in years 38.81±10.16 40.02±9.92 0.591
Weight in kg 55.43±5.8 56.20±5.49 0.539
Height in cm 159.65±6.92 159.83±6.70 0.906
Gender (%): Male/
Female

32/08 35/5 0.545*

ASA I/II 30/10 32/8 0.789*
Duration of 
surgery(Min)

106.35 ± 25.01 104.72± 26.21 0.776

Data expressed as mean (SD) or ratio or absolute numbers, Student t-test, *Chi-
square test/Fisher exact test

Table 2: Comparison of outcome parameters
Parameters Mean±Standard Deviation (n=40) P value

Group D Group C
Onset of Sensory 
blockade (Min)

3.58±1.16 4.51±1.32 0.001*

Onset of motor block 
(Min)

4.56±1.32 5.46±1.04 0.001*

Time of sensory 
recovery (Min)

218.31±24.82 199.05±26.84 0.001*

Time of motor 
recovery (Min)

223.42±16.58 216.31±18.06 0.070

Time of first request 
of analgesic(Min)

339.04±22.73 228.38±26.20 0.001*

Data expressed as mean (SD) or ratio or absolute numbers, Student t-test, *P<0.05 
Statistically significant
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significant difference between the groups (P = 0.001), 
[Table 2, Figure 3].

Regarding the distribution of  vital data, lower heart rates 
were observed in Group D than that of  Group C but 
without any statistically significant difference except 5 min 
after the sub-arachnoid block where there was a significantly 
lower mean heart rate (P = 0.024) in Group D. The mean 
heart rates (HR) were maintained hemodynamically stable 
above 70/min in both the groups [Figure 4].

There was no significant difference in MAP in both the 
groups after pre-medication and the MAP was maintained 
hemodynamically stable above 75 mm of  Hg throughout 
the perioperative period among the groups [Figure 5].

The mean sedation scores were higher in Group D than 
Group C (P = 0.003). In Group D, patients with sedation 
score >3 were 26 (65 %) and Group C was 12 (30 %) 
[Table 3].

There were no statistically significant side effects such 
as hypotension, bradycardia, nausea and vomiting, and 
respiratory depression, among the groups [Table 4].

DISCUSSION

Various adjuvants to local anesthetics have been tried 
in spinal anesthesia by intrathecal or by systemic routes 
to extend the duration and to improve the quality of  
spinal block and to produce post-operative analgesia and 
anxiolysis.

Alpha-2-adrenergic agonists such as dexmedetomidine and 
clonidine act by different mechanisms to produce analgesia, 
of  which the central mechanism is attributed to their action 
at the spinal level where they act on laminae VII, VIII of  
the ventral horns of  the spinal cord and action at the locus 
coeruleus and dorsal raphe nucleus is attributed to their 
action at the supraspinal level. They also act by peripheral 
mechanism and vasoconstricting effect on blood vessels.[17] 
These actions aid us to administer these drugs through 
various routes but produce similar effects irrespective of  
routes of  administration. 

The α2-adrenoreceptor agonists, namely, dexmedetomidine 
and clonidine as adjuvants to local anesthetics can be 
administered by epidural, intrathecal, caudal routes, 
and by peripheral nerve blocks. They have also been 
used as systemic adjuvants to local anesthetics and as 
premedicants by different routes to extend anesthesia 
and provide analgesia. There are studies about the use of  
intravenous dexmedetomidine and clonidine as systemic 

Table 4: Adverse events
Parameters Data expressed as percentage or 

absolute numbers
Group D (n=40) Group C (n=40)

Bradycardia 6 (15%) 4 (10%)
Hypotension 2 (5%) 2 (5%)
Nausea and Vomiting 1 (2.5%) 2 (5%)
Respiratory depression 0 0
Shivering 0 0

Table 3: Ramsay sedation score 
Score Group D (n=40) Group C (n=40) P value
Sedation score (>3) 26 (65%) 12 (30%) P=0.003*
Data expressed as mean (SD) or ratio or absolute numbers, *P<0.05 statistically 
significant
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adjuvants for prolongation of  spinal anesthesia. Rapid 
administration or infusion of  these drugs might produce 
hypertension,[18] tachycardia, and bradycardia resulting in 
significant hemodynamic variability. To avoid these effects, 
we selected the intramuscular route for the administration 
of  these drugs in our study. 

In a study conducted by Aho et al.,[19] on the effect of  
intramuscular dexmedetomidine and clonidine on the 
attenuation of  hemodynamic and stress response to 
gynecologic laparoscopy, the dose of  IM clonidine used 
was 4.5 μg/kg−1 and doses of  IM dexmedetomidine used 
were 0.6 μg/kg−1, 1.2 μg/kg−1, and 2.4 μg/kg−1. The higher 
doses were associated with significant hypotension and 
bradycardia and the lower doses were found ineffective. 

That is why we have taken dexmedetomidine 1 μg/kg−1 and 
clonidine 2 μg/kg−1 by the intramuscular route in our study. 

Scheinin et al.,[20] in their study on pharmacological actions 
of  intramuscular dexmedetomidine concluded that 
dexmedetomidine takes 60–150 min for its maximum 
effect after IM injection and according to Singh et al.,[21] 
intramuscular clonidine takes 30–60 min for its maximum 
effect after injection. Furthermore, hyperbaric bupivacaine 
gets fixed to the neural structures of  the spine 30 min after 
injection. Because of  the above effects, the IM injections were 
given 30 min before giving spinal anesthesia in our study. 

In our study, intramuscular dexmedetomidine versus 
clonidine prolonged the duration of  bupivacaine spinal 
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anesthesia and analgesia. The time of  the first request 
for rescue analgesia was significantly prolonged in the 
dexmedetomidine group compared to the clonidine group 
that could be explained by the highly selective nature of  
dexmedetomidine for α-2-adrenoreceptors particularly α2A 
and α2C when compared to clonidine. The results of  our 
study correlated with the study of  Reddy et al.,[22] except 
that we used the intramuscular route in our study instead 
of  the intravenous route, and also the dosages used in our 
study are double the doses used in their study.

Our study demonstrated the earlier onset times of  sensory 
and motor block and prolonged duration of  sensory block. 
However, the duration of  the motor blockade was not 
effected, might be explained by direct suppression of  impulse 
conduction in the large, myelinated A-alpha fibers. Our 
results are similar to the study conducted by Kaya et al.,[23] 
where there is no effect on the duration of  the motor block 
with a single dose of  0.5 μg/kg−1 of  dexmedetomidine.

Dexmedetomidine is a highly selective α2 agonist with α2:α1 
binding ratio of  1620:1 whereas clonidine has a binding 
ratio of  220:1.[24] This property of  dexmedetomidine 
accounts for its sedative and analgesic properties compared 
to clonidine. In our study, there is effective sedation 
with a score >3 noted by Ramsay’s Sedation Scale in 
the dexmedetomidine group as the patients remained 
cooperative and easily arousable exempting the need for 
intra-operative sedation. These findings correlate with the 
findings of  the study of  Ustun et al.[25]

Hemodynamic stability was maintained throughout. Less 
than 20% fall from baseline in heart rate and MAP was 
observed among the groups. There is no excessive sedation, 
respiratory depression, or shivering noted in our study.

CONCLUSION

We conclude from our present study that, a single dose 
of  dexmedetomidine 1 μg/kg−1 given by intramuscular 
route preceding spinal anesthesia resulted in the rapid 
onset of  sensory and motor block, extended the time 
of  sensory recovery with prolonged post-operative 
analgesia, provided satisfactory sedation levels, with stable 
cardiovascular parameters, and without any adverse effects 
making it an effective adjuvant and remarkable alternative 
to intramuscular clonidine 2 μg/kg−1 for lower limb 
orthopedic surgeries under Bupivacaine spinal anesthesia.
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