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  ABSTRACT  
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 Posterior teeth extractions provide a challenge due to variations in 

anesthetics capacity and effects especially postoperatively. The aim of the 

study was to compare the efficacy of three anesthetic agents- lignocaine, 

bupivacaine and ropivacaine during extraction procedure of mandibular 

posterior teeth. 250 study participants were randomly divided into three 

groups: Group I (subjects under 2% Lignocaine (n=84); Group 2 (subjects 

under Bupivacaine (n=86) and Group 3 (subjects under Ropivacaine 

(n=80). Hemodynamic and anesthetic and analgesic parameters were 

recorded and statistically analyzed using ANOVA. Significant differences 

were observed between three anesthetic agents used pertaining to 

anesthesia and analgesic changes while no significant effects were 

observed when comparing the hemodynamic parameters. Ropivacaine 

provided best clinical outcome in terms of both anesthetic efficacy as well 

as post-operative analgesia following extraction of mandibular posterior 

teeth. 

 

 

 

   

 

This work is licensed under a Creative Commons Attribution Non-Commercial 4.0 

International License. 

 

 

1. INTRODUCTION 

Local anesthetic agents are used for obtaining anesthetic and analgesic activity during surgery and 

management of pain. These agents are classified into two categories- a) Amides and b) Esters. The amide 

group contains- lignocaine, mepivacaine, bupivacaine, levobupivacaine, prilocaine and ropivacaine while 

the ester group contains procaine, chloroprocaine, amethocaine and cocaine. Injectable local anesthetic 
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agents get absorbed and undergo distribution to distant organs. Most of absorbed local anesthetic drugs 

undergo hepatic clearance. These agents are tightly bound to plasma proteins, thus, limiting the 

bioavailability. Lignocaine is moderately bound to proteins and has high percentage of hepatic extraction 

(70-75% per passage) while bupivacaine and ropivacaine are extremely bound to proteins and get less than 

50% clearance per passage. Ropivacaine is a long-acting amide local anesthetic agent with an efficacy 

similar to that of bupivacaine. It has low central nervous and cardiac toxicity potential and low propensity 

for motor nerve block. This drug has low cardiotoxicity as compared to bupivacaine but equivalent to 

lignocaine [1]. Lignocaine was first synthesized by while bupivacaine was first of all synthesized. Its action 

lasts for two-to-three times more than that of lignocaine with much prolonged analgesic effect even after 

return of sensation. Both these agents are used for attaining infiltration and surface anesthesia and field or 

conduction block. This study showed reduction in heart rate between 15 to 30 minutes for both agents. 

Bupivacaine was found to be more effective in maintaining analgesics at eight hour period [2]. The 

amidoamide local anesthetic agents exhibit their action by binding to specific receptors, located on sodium 

channels located in nerves thus, blocking ionic movements through these channels. Studies have reported 

that a single injection of 1% lignocaine can induce chondrotoxocity in addition to toxic effects on corneal 

endothelial cells, rotor cuff tenofibroblasts, human tumor cells, melanoma cell lines and mesenchymal stem 

cells. Ropivacaine, on the other hand, has been demonstrated to exhibit decreased neuro- and cardiotoxicity; 

inhibition of platelet aggregation and antibacterial action [3]. 

 

Surgical extraction of posterior teeth specially, third molars involves certain level of difficulty. Peripheral 

neural sensitization is considered to be a major after effect following surgical extractions [4]. 

 

The aim of this study was to compare the aesthetic and analgesic efficacy of lignocaine, ropivacaine and 

bupivacaine in posterior teeth extractions. 

 

2. Materials and methods 

This study was conducted on 250 subjects (average age ± SD= 22.9 ± 2.1 years) indicated for posterior 

teeth extractions. Study participants were randomly divided into three groups: 

a) Group 1: Subjects undergoing extractions under 2% Lignocaine (n=84) 

b) Group 2: Subjects undergoing extractions under Bupivacaine (n=86) 

c) Group 3: Subjects undergoing extractions under Ropivacaine (n=80) 

 

This was a single blind study when the surgeon was given anesthetic cartridge without group identification. 

All anesthetic and surgical procedures were performed by single operator. Data regarding vital signs such 

as- pulse rate, blood pressure, pain during procedure, post-operative pain duration and analgesic effects 

were monitored. Vital signs were monitored as per Meechan’s protocol- [5] 

a) Immediately before anesthetic administration 

b) 5 minutes following anesthetic administration 

c) 10 minutes following anesthetic administration 

d) 15 minutes following anesthetic administration 

e) 20 minutes following anesthetic administration 

f) 25 minutes following anesthetic administration 

 

The anesthetic potency during surgical procedure was measured using  Sisk (1986) criteria: 1) Successful: 

No pain during procedure; 2) Successful: Pain during extraction but reinjection not required after initiating 

the procedure; 3) Successful: Here, there was pain during procedure but no pain was present after second 

injection; 4) Limited success: Pain after two injections but completion of surgery without third; 5) Limited 
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success: Pain beginning after two injections, but completion of procedure; 6) Failure: Pain beginning after 

first, again after second, third injection required; 7) Failure: Pain beginning after two injections, third 

injection required 8) Failure: No anesthesia after two injections, third injection required or suspension of 

treatment. 

 

Intensity of intra-operative pain was assessed by subjects themselves using the Visual Analog Scale (VAS) 

as proposed by ranging from 0 (no pain) to 100 (worst pain). This scale was also employed for testing 

analgesic effect of tested local anesthetic. 

 

2.1 Sample size calculation 

Sample size was calculated using estimated medium effect size- partial ƞ2 = 0.06, α error of 0.05 and 95% 

power of study. Type I error was found at 0.05. 

 

Statistical tool employed was ANOVA (Analysis of Variance) for inter-group comparisons. A p value of 

<0.05 was considered significant while <0.001 was considered to be extremely significant. 

 

3. Results 

On comparing anesthetic and post-operative analgesic effects following administration, significant 

difference was noted in onset (P<0.01), lignocaine demonstrated least onset of anesthesia. Extremely 

significant differences were observed between duration of anesthetic activity, intensity difference post-

operatively; time of first felt pain and after 6 hours, time of consuming first analgesic and numbers of 

analgesics consumed post-operatively (table 1). Hemodynamic disorders observed were constant and 

demonstrated no significant side-effects. Following injection of 2% lignocaine in first five minutes, an 

increase in both systolic and diastolic blood pressures was seen which was followed by a reduction in 

systolic pressure after five minutes and decrease in diastolic pressure after 10 minutes was seen. While on 

bupivacaine administration, slight drop in systolic pressure was observed within first five minutes which 

then increased slightly. Also, slight elevation in diastolic blood pressure was seen in first five minutes or ten 

minutes. Similar changes were observed with ropivacaine administration as well. However, these changes 

were non-significant (table 2).  

 

4. Discussion 

According to Malamed, Local/regional anesthesia is defined as “regional lack of sensation to painful 

stimulus along with temperature, pressure, touch etc. due to reversible peripheral nerve conduction loss 

along specified pathways.” [6] A local anesthetic molecule is composed of two polar ends- a) hydrophilic 

secondary or tertiary amino group and b) lipophilic aromatic ring. Depending upon the type of intermediate 

alkyl linkage between both the poles, these agents are classified into- ester or amide anesthetic [6]. The 

choice of anesthetic agent is based upon three factors- a) Potency; b) Time taken for onset and c) Duration 

of anesthesia [7]. In their study on comparisons between anesthetic potentials of Bupivacaine and 

Ropivacaine measured- a) Quality of anesthesia; b) Success rate; c) Time of onset; d) duration; e) Intensity 

of intra-operative pain; f) Blood pressure and g) Pulse rate. Administration of 0.75% ropivacaine 

demonstrated successful anesthesia among 96.6% of study participants. Statistical significance for all 

criteria were obtained for 0.75% ropivacaine. Duration of anesthesia for ropivacaine and bupivacaine were 

412.17 ± 110.04 and 376.30 ± 98.51 minutes, respectively. Onset time was 151.50 ± 80.93 and 168 ± 79.73, 

respectively. Success rates were 96.6% and 93.3%, respectively. Also, a lower intra-operative pain was 

observed with ropivacaine [8]. Anesthetic duration is proportional to extent of binding to proteins while the 

onset of anesthetic action is dependent upon factors like- anesthetic technique and intrinsic drug substance 

[9]. Bupivacaine is a long-acting anesthetic agent with its duration of action extending between seven to 
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eleven hours and nine hours for inferior alveolar nerve block and infiltration anesthesia, respectively [10]. It 

has demonstrated longer anesthesia of soft tissues and reduced post-operative pain along with late peak in 

pain (12 hours) and lesser intensity on visual analogue scale. However, it has been reported to cause high 

diastolic and low systolic blood pressures though these are not statistically significant [11]. However, it has 

been reported to have a narrow safety margin dute to its cardio- and neurotoxic side-effects [12]. 

 

Ropivacaine is also a long-acting amidelocal anesthetic possessing vasoconstrictive property inherent 

within [13]. It is a monohydrate of 1-propyl-2, 6-pepecoloxylidie hydrochloride and is a S-enantiomer [14]. 

Its anesthetic half-life is up to 4.2 hours and is required in lesser concentrations of 0.5% and 0.75% as 

compared to lignocaine (2%) [13]. The reason for introduction of S-enantiomeric form over the racemic 

form was the wider safety margin, same amount of analgesia and less post-operative motor block. 

Ropivacaine shows selective action by acting on Aδ and C nerve fibers than on Aβ in their study involving 

various concentrations of ropivacaine (0.75%, 0.5%, 0.375%, 0.25%) in inferior alveolar nerve block in 

third molar extractions demonstrated that the 0.5% and 0.75% concentrations were most effective in 

producing rapid onset and prolonged pain control [15]. Anesthetic effects were observed at 0.5% and 0.75% 

at 6.0 ± 0.4 and 5.6 ± 0.4 hours, respectively while the other diluted contents were found to have 

significantly shorter durations of soft tissue anesthesia apart from repeated injections [15]. Post-operative 

pain can rebound as hyperalgesia following a peripheral nerve block [16]. Local anesthetics demonstrate an 

anti-inflammatory effect by blocking Leukotriene B4 release from polymorphonuclear leukocytes. Also, 

histamine release is blocked along with other inflammatory mediators. Local anesthetic agents (millimolar 

concentrations) have also been shown to possess anti-microbial activities both in vivo and in vitro. This 

activity is primarily bactericidal rather than bacteriostatic. 2% lignocaine has been demonstrated to inhibit 

growth of E. coli, S. pneumonia and Ps. Aeruginosa [17], [18]. Also, have shown temperature- and 

concentration-dependent bactericidal activity exhibited by bupivacaine specifically against S. epidermidis 

and E. coli [19]. While injecting local naesthetic agents, normal oral micro-flora can pass into tissues. These 

microbes are capable of causing suppurative infections or bacteremia. Thus, the bactericidal effect of these 

anesthetic agents can help suppress these infections [20]. 

 

Did a comparative analysis on analgesic effect of 0.25% and 0.5% bupivacaine concentrations in subjects 

with third molar extractions. Pain intensity was observed at 2 hours and 24 hours intervals. It was found that 

0.5 % bupivacaine had better analgesic effect when compared to 0.25% concentrations [21]. Mandibular 

block anesthesia can be difficult to achieve in certain subjects hence it shows variations in response among 

different individuals [22]. Studied 41 subjects who underwent bilateral maxillary extractions for orthodontic 

treatment using a split-mouth technique where 0.5% and 0.25% bupivacaine were injected. No significant 

difference was observed between onset, pain during extraction and duration of anesthesia. Based on these 

observations, use of 0.25% bupivacaine was advocated [23]. It has been postulated that local anesthetics act 

by blocking of neuronal sodium channels and membrane expansion. These agents act by altering the 

structure of lipid bilayer by lipophilic part of the anesthetic molecule. This process is termed as ‘membrane 

expansion’. This constitutes 10% of anesthetic activity while the remainder 90% by caused by membrane 

stabilization or condition blockage which results in decrease in sodium conductance and depolarization 

[24]. These agents act by reversible blocking of nerve conduction distal to site of injection [25]. Blocking of 

sodium channels impair the generation of action potentials which are required for pain propagation. Thus, 

this block can result in motor and sensory nerve blockage [26]. Ropivacaine has a half-life of 41 minutes 

after administration through intravenous route and a 94% plasma protein binding [24]. Ropivacaine has 

been to have a much safer anesthetic profile for medically complicated subjects as well [27]. 

 

Bupivacaine has been reported to have a narrow safety margin due to its cardio- and neurotoxic side-effects 
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[28]. Also, demonstrated changes in cardiac activity by increase in QRS width caused by bupivacaine when 

compared to ropivacaine [14]. However, this agent has been demonstrated to produce extended anesthetic 

effect when tested using a liposomal delivery system for local infiltration in various surgical sites [29].  

Confirmed in their split-mouth study in periodontal surgeries a comparable efficacy of ropivacaine when 

compared with lignocaine with additional advantages of longer duration, better postoperative pain control 

and reduced loss of blood during the procedure [30]. Also, ropivacaine has shown comparable 

pharmacodynamic and kinetic properties to bupivacaine with lesser toxicity [31]. Both bupivacaine and 

ropivacaine have been shown to demonstrate prolonged analgesia for 10.3 and 9.6 hours, respectively after 

third molar surgeries [32]. In their study have demonstrated similar intensity of anesthesia by using either 

ropivacaine and bupivacaine after employing the visual analogue scale (VAS) and verbal rating scale [33]. 

Short-acting local anesthetics show faster time of onset and faster titrability. It also has additional 

advantages like- 1) Less costlier; 2) Easier monitoring and 3) Larger safety margin than long-acting 

anesthetic agents [34]. An effective peri- and post-operative pain management significantly affects patient 

morbidity [35]. 

 

5. Conclusion 

This study demonstrated that Ropivacaine, a long-acting amide anesthetic provides better intra-operative 

and post-operative pain control during extractions of posterior mandibular teeth. 
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Table 1: Parameters related to anesthetic and post-operative analgesic action 

Parameters Ropivacaine Bupivacaine Lignocaine P value 

Success rate 95.2% 83.5% 94.1% NS 

Onset (seconds) 145±75.2 152±71.2 80.22±28 <0.01 

Duration 392±105.1 346±90.4 205±30 <0.05 

Additional injections 

required during 

procedure 

5 12 6 NS 

Intensity of post-

operative pain (VAS 

in mm) 

17.2±5.2 23.5±10.12 17.3±12.2 <0.05 

Time of first felt pain 

(in seconds) 

315±60.5 312.1±79.2 160.2±49.1 <0.01 

Intensity of pain felt 

during first six hours 

post-injection (VAS 

in mm) 

15.2±13.2 4.3±10.21 31.05±17 <0.001 

Time of taking first 

analgesic (minutes) 

350±60.5 319±62.1 160.2±49.1 <0.001 

Number of analgesics 

taken 24 hours post-
operatively 

1.49±1.05 1.7±0.71 2.41±6.66 <0.001 

 

Table 2: Table demonstrating vital parameters observed during procedures 

Parameters Anesthetic 

agents 

Immediate 

(mean±SD) 

5 minutes 10 

minutes 

15 

minutes 

20 

minutes 

30 

minutes 

P 

values 

Pulse rate Lignocaine 

Bupivacaine 
Ropivacaine  

82±16.3 

80±12.5 
77.5±17.0 

82.1±17.5 

80.2±15.1 
73.7±12.3 

75.2±17 

74.3±19 
74±14 

74±15.1 

73±16 
72±12.2 

73.9±12.2 

72.4±14 
72±11.9 

73±11.1 

71±12 
72±11.7 

0.03 

Systolic  Lignocaine 

Bupivacaine 

Ropivacaine 

9.1±1.1 

9±1.2 

8.8±1 

8.7±1.2 

8.5±1.1 

10±1.2 

11.2±0.9 

11.4±1.2 

11.1±1.1 

11±1.1 

11.1±1.3 

11±1.0 

10.9±1.3 

11.2±1.4 

11.1±1.2 

9.8±1.1 

10.1±1.3 

10.9±1.1 

0.13 

Diastolic Lignocaine 

Bupivacaine 

Ropivacaine 

64.3±5.6 

65.8±7.2 

61.2±6.6 

65.8±8.2 

65.5±7.2 

66.1±7.0 

66.7±7.8 

65.2±1.9 

66.1±7.6 

66.5±7 

65.1±1.4 

65.7±7.1 

67.1±6.5 

65±1.3 

65.2±6.9 

67±5.8 

64±1.1 

65±4.1 

0.15 
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Graph 1: Graph demonstrating anesthetic and post-operative analgesic effects 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


