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DISCUSSION
Several studies showed that bioactive agents have 
a positive impact on the bond strength either in 
maintenance or in increasing the bond strength at 
different time intervals. The improvement in the 
studies was due to the remineralization potential of 
bioactive agents. The agents lead to the formation 
apatite layer at the adhesive interface, thus 
strengthening the bond and restoring life.  However, 
there are 4 studies 23, 25, 39, 48 in which a decrease in 
the bond strength is observed. 

The study has identified and critically appraised 36 
articles that evaluated the bond strength after 
incorporation of various bioactive agents. In 32 
studies (88.89%), the results observed were positive 
as the bond strength improved to some extent 16, 19, 

21, 26, 27, 29, 30, 36-38, 41-45 or bond strength value remained 
same for longer time as compared to control17, 18, 20, 22, 

24, 28, 31-35, 40, 46, 47, 49-51. Aging is another important factor 
that affects bond strength, as the bond strength 
value has decreased after 6 months or more. 

Various bioactive agents were used in these studies. 
The most common bioactive agent used was 
bioactive glass, either in pure form, commonly used 
silicate-based, phosphate-based, or ion-doped. The 
second common bioactive agents were 
Amorphous calcium phosphate and 
Hydroxyapatite, used in various forms and sizes. 
These agents, being closest to the tooth structure, 
had positive effects on bond strength. Other agents 
were halloysite, DMAHM, Cecropin and Iron oxide 
nanoparticles, PLA capsules, Chitosan, 
Phosphoproteins, Cross linkers PA/EGCG, FUDMA, 
Dicalcium Phosphate and MTA, Copper 
Nanoparticles, Calcium Silicate particles, POSS, 
Niobium Silicate, QAM-TEADDA, Titanium Oxide, 
Wollastonite, Simonkolleite, Zinc methacrylate and 
Zinc oxide nanoparticles that were incorporated in 
dentin bonding agent to observe changes in bond 
strength. 

The majority of the thirty-two studies (88.89%) had 
improved or stable bond strength for a longer time 
as compared to only four studies, 23, 25, 39, 48, which 
showed a decline in the bond strength. Most of the 

studies have evaluated micro-tensile bond strength
via different techniques with specific specimen 
dimensions, mostly using rods and beams of around 
1mm2. Remaining studies evaluated shear bond 
strength, which has no specific requirements for 
specimen preparation.  Besides this time has an 
important role in bond strength, which usually 
decreases with aging. Bond strength is evaluated at 
24 hours in all studies, in which few researchers have 
compared it with extended time intervals and 
different time points to evaluate time/aging effects 
on bond strength, which has decreased. 

The in-vitro studies were carried out using human 
molars, especially third molars extraction in most of 
the studies, with only a few studies carried out on 
bovine teeth. Distilled water was used as storage 
media in the majority of studies for evaluation of 
bond strength at different time points. SBF, DPBS, 
and Artificial Saliva were also used as storage 
medium in this test in other included studies. The two 
main bonding systems are etch and rinse and 
self-etch. The etch and rinse system shows better 
results than the self-etch system in terms of failure 
rates according to evidence55. These are important 
in the formation of the hybrid layer, which is 
responsible for the stable micro-mechanical bond 
at the resin-dentin interface. This is a key to 
increased restoration life.

Thus, the increase in bond strength observed in 32 
studies out of the included studies shows that the 
bioactive agents show better results than the 
control. Further studies and experiments to select 
and optimize a bioactive agent to be incorporated 
in dentin bonding agents for the enhancement of 
restoration life are required to produce a new 
modified dentin bonding agent that shows 
excellent results in characterization procedures.

LIST OF ABBREVIATIONS
UTM- Universal Testing Machine
SBS-Shear Bond Strength
MTBS-Micro Tensile Bond Strength
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Comparison, and Outcome
PLA- Polylactide
PAC- Proanthocyanidin
HNT- Halloysite Aluminosilicate Nanotube
ACP- Amorphous Calcium Phosphate
CS- Calcium Silicates
NP- Nanoparticles
NBG- Niobium Phosphate Bioactive Glass
PAA- Polyacrylic acid 
TMP- Trimetaphosphate
HAp- Hydroxyapatite crystals
CPP-ACP- Casein Phosphopeptide-Amorphous 
Calcium Phosphate
NM- NovaMin
CES-nHAp- Chicken eggshell-derived nHAp
EGCG- Epigallocatechin-3-gallate
BAG- Bioactive Glass
DCPD- Dicalcium phosphate dihydrate
CuNp- Copper nanoparticles
PAA- Polyaspartic acid
CHX- Chlorhexidine
DMAHDM- Dimethylaminohexadecyl methacrylate
POSS-8- Polyhedral Oligomeric Silsesquioxanes
MPC-Methacryloyloxyethyl Phosphorylcholine
QAM- Quaternary ammonium monomer 
TEADDA- Triethylamine Dodecyl Acrylate
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ZnOn- Zinc oxide nanoparticles
SBF- Simulated Body Fluid
DPBS- Dulbecco’s Phosphate Buffered Saline
DW- Distilled Water
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SYSTEMATIC REVIEW

Evaluating the Effectiveness of Nefopam Versus 
Tramadol in Treating Established Post-Spinal 
Anesthesia Shivering: A Systematic Review 

ABSTRACT

Background: Post-spinal anesthesia shivering (PSAS) was observed as a frequent and distressing 
complication, affecting 40–70% of patients and increasing metabolic demand. Nefopam and 
tramadol were two pharmacological agents for managing PSAS. Each had its distinct efficacy and 
side effect profiles. This study evaluated and compared the efficacy, safety, and practicality of 
nefopam and tramadol in the treatment of established PSAS. 

Methods: A systematic review was conducted that adhered to PRISMA guidelines. The search took 
place using PubMed, ScienceDirect, and Google Scholar. Inclusion criteria focused on randomized 
controlled trials and observational studies published between January 2013 and April 2024. The 
studies were excluded if they were not based on tramadol and nefopam’s therapeutic effect on 
PSAS. Data for the systematic review table were extracted from 16 studies evaluating sedation 
quality, recovery time, adverse events, and key findings. The Cochrane risk of bias tool was used for 
RCTs, and the Newcastle Ottawa tool was used for observational studies to assess the risk of bias. 
Sedation quality was assessed by a visual analog scale (VAS).  

Results: Out of 110 initially selected studies, 16 were filtered out that aligned completely with the 
concept of this systematic review. Both nefopam and tramadol were shown to reduce PSAS. 
Tramadol demonstrated a slightly higher efficacy (90–97%) compared to nefopam (85–90%). 
Tramadol, due to its rapid onset (30–60 minutes) and faster recovery times, was suitable for 
time-sensitive cases. However, tramadol had a higher incidence of gastrointestinal side effects 
(nausea and vomiting: 5–11%). In contrast, nefopam, while slower in showing effect, exhibited 
minimal sedation and fewer side effects but occasionally caused tachycardia and hypertension. 

Discussion: Both agents were effective for PSAS management. Tramadol was preferred for rapid 
control and cost-friendly settings, whereas nefopam was safer for patients who required minimal 
sedation or who were at risk of gastrointestinal side effects. However, there was no direct 
comparison of nefopam with tramadol. Future studies should focus on using standardized protocols 
and should provide a direct comparison of tramadol with nefopam.

Keywords: Shivering, Anesthesia, Nefopam, Tramadol, Patient Safety, Systematic Review
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DISCUSSION
Nefopam and tramadol were assessed for their 
effectiveness in treating PSAS in this systematic 
review. Key differences in onset of action, recovery 
time, and adverse event profiles were seen for both 
agents. But both agents showed efficacy. Across 
multiple studies tramadol had a rapid onset and 

consistently high efficacy for reducing shivering 
incidences and severity by 90% to 97%. In contrast, 
the tolerability profile of nefopam was more favor-
able, especially in minimizing gastrointestinal side 
effects, though slightly less effective for reducing 
shivering in some cases.

The studies included in this review provided strong 
evidence from many clinical settings, thereby 
increasing the generalizability of findings. A large
sample size with over 500 patients supported trama-
dol’s efficacy, as mentioned in one study. Though 
smaller in scale, nefopam studies provided good 
ideas regarding safety and applicability, especially 
for patients with contraindications to opioids25.

As study designs were heterogeneous therefore 
direct comparison was not the best option. Varia-
tions in dosing regimens, outcome measurements, 
and patient populations made it difficult to draw 
definitive conclusions. Moreover, there was a lack of 
standardization in many studies to measure shivering 
severity, recovery times, and adverse events, 
hence, more uniform methodologies are needed in 
future studies.

Tramadol’s rapid onset and high efficacy were 
particularly well suited for the scenarios where 
immediate shivering control was required 27. Two 
studies highlighted its ability to resolve shivering 
within less than 30–60 minutes. Unlike nefopam, 
which took 24 hours or more to achieve full recovery 
in some patients, this might limit its usage in acute 
settings, but did not diminish its effectiveness in wider 
perioperative care 28.

The distinct mode of action of nefopam (non-opi-
oid, acting by serotonin, norepinephrine, and dopa-
mine reuptake inhibition) and tramadol (weak 
opioid agonist with similar reuptake inhibition 
effects) was self-explanatory for their diverse effects 
on shivering prevention and adverse events29. Nefo-
pam’s slower onset might seem like a limitation, but 
its consistent efficacy and milder side effects made 
it a suitable choice in patients who needed less 
urgent interventions. In longer recovery settings, 
nefopam reduced shivering severity effectively 
without significant sedation, making it a versatile 
option, as pointed out by one study 30.

In 5% to 11% of cases, the adverse event profile of 
tramadol primarily consisted of gastrointestinal 
disturbances, such as nausea and vomiting. Howev-
er, these effects were dose-dependent, and they 
could be prevented by prophylactic antiemetics. 
On the other hand, a more favorable profile was 
seen for nefopam, which had fewer gastrointestinal 
side effects, but some cases of tachycardia and 
hypertension were reported. One study’s finding 
indicated that nefopam was suitable for use in 
patients who had a risk of either gastrointestinal 
complications or opioid-related sedation31.

In the perioperative settings, recovery time and 
sedation profiles were important factors that affect-
ed patient turnover and satisfaction. Tramadol 
helped accelerate recovery, and it was generally 

reported that most patients resumed normal activity 
within 30 to 60 minutes of taking Tramadol 32. Its 
preference in resource-constrained or high turnover 
environments aligned with its ability to rapidly 
resolve symptoms. On the other hand, it might take 
nefopam up to 24h or more for recovery, which 
could be too long for instantaneous recovery in 
demanding situations. In addition, nefopam’s 
minimal sedative effect made nefopam quite useful 
to patients who should remain alert or prevent respi-
ratory depression. This was the quality that made 
nefopam the preferred agent, in settings where 
cognitive clarity was most important 33.

Choosing between nefopam and tramadol should 
be based on patient-specific factors such as comor-
bid illnesses, risk of adverse events, and resource 
availability. Tramadol was an affordable and acces-
sible medication in resource-limited settings. Howev-
er, Nefopam was costlier and had advantages in 
patients with contraindications to opioids or 
increased sensitivity to gastrointestinal effects. These 
findings were consistent with the general healthcare 
goals of providing cost-effective, patient-focused 
care 34.

Economic analyses of these agents demonstrated 
the necessity of weighing upfront costs with 
long-term consequences 35. While tramadol was 
cheaper, it was also more likely to cause higher rates 
of nausea and vomiting, which might require more 
treatments. On the other hand, nefopam’s higher 
cost was justified in patients where the reduced side 
effects resulted in short hospital stays or fewer 
interventions36.

When the rapidly increasing emphasis on precision 
medicine was considered, it became critical to 
develop management strategies for shivering 
tailored to the individual patient profile37. Agent 
selection must be guided by risk factors such as age, 
comorbidities and prior adverse reactions. Further-
more, patient preferences concerning sedation and 
recovery time should be integrated into clinical 
decisions to maximize adherence with treatment 
plans and increase satisfaction in patients38.

There was a need for more future studies that should 
compare nefopam and tramadol head-to-head, by 
employing standardized dosing regimens and 
outcome measures. Further studies to confirm 
findings and to address existing gaps in evidence 
should be randomized controlled trials with larger 
sample sizes. Moreover, combination therapies or 
novel agents might further improve the manage-
ment of PSAS39,40.

Stratification of patients based on risk factors such as 
comorbidities or severity of shivering should also be 
investigated to identify optimal agent selection. 

Longitudinal studies evaluating long-term outcomes 
such as quality of life and cost-effectiveness would 
be of significant value to clinical practitioners and 
policymakers. Furthermore, advances in pharma-
cogenomics could pinpoint patient-specific deter-
minants of response to nefopam and tramadol. 
These insights, when integrated into clinical prac-
tice, would promote more effective and personal-
ized PSAS management strategies.

CONCLUSION
Based on this systematic review, nefopam and 
tramadol appeared to be effective for established 
PSAS. Nefopam was a slightly safer option for 
patients who needed minimal sedation and a 
reduction in gastrointestinal side effects as com-
pared to tramadol, which had other advantages 
like rapid shivering control and cost effectiveness. 
Optimal perioperative care and choices of agents 
should be tailored according to individual patient 
needs and clinical context, with optimal outcomes. 
Future studies should integrate standardized proto-
cols with a direct comparison of tramadol and nefo-
pam for more definitive results.
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DISCUSSION
Several studies showed that bioactive agents have 
a positive impact on the bond strength either in 
maintenance or in increasing the bond strength at 
different time intervals. The improvement in the 
studies was due to the remineralization potential of 
bioactive agents. The agents lead to the formation 
apatite layer at the adhesive interface, thus 
strengthening the bond and restoring life.  However, 
there are 4 studies 23, 25, 39, 48 in which a decrease in 
the bond strength is observed. 

The study has identified and critically appraised 36 
articles that evaluated the bond strength after 
incorporation of various bioactive agents. In 32 
studies (88.89%), the results observed were positive 
as the bond strength improved to some extent 16, 19, 

21, 26, 27, 29, 30, 36-38, 41-45 or bond strength value remained 
same for longer time as compared to control17, 18, 20, 22, 

24, 28, 31-35, 40, 46, 47, 49-51. Aging is another important factor 
that affects bond strength, as the bond strength 
value has decreased after 6 months or more. 

Various bioactive agents were used in these studies. 
The most common bioactive agent used was 
bioactive glass, either in pure form, commonly used 
silicate-based, phosphate-based, or ion-doped. The 
second common bioactive agents were 
Amorphous calcium phosphate and 
Hydroxyapatite, used in various forms and sizes. 
These agents, being closest to the tooth structure, 
had positive effects on bond strength. Other agents 
were halloysite, DMAHM, Cecropin and Iron oxide 
nanoparticles, PLA capsules, Chitosan, 
Phosphoproteins, Cross linkers PA/EGCG, FUDMA, 
Dicalcium Phosphate and MTA, Copper 
Nanoparticles, Calcium Silicate particles, POSS, 
Niobium Silicate, QAM-TEADDA, Titanium Oxide, 
Wollastonite, Simonkolleite, Zinc methacrylate and 
Zinc oxide nanoparticles that were incorporated in 
dentin bonding agent to observe changes in bond 
strength. 

The majority of the thirty-two studies (88.89%) had 
improved or stable bond strength for a longer time 
as compared to only four studies, 23, 25, 39, 48, which 
showed a decline in the bond strength. Most of the 

studies have evaluated micro-tensile bond strength
via different techniques with specific specimen 
dimensions, mostly using rods and beams of around 
1mm2. Remaining studies evaluated shear bond 
strength, which has no specific requirements for 
specimen preparation.  Besides this time has an 
important role in bond strength, which usually 
decreases with aging. Bond strength is evaluated at 
24 hours in all studies, in which few researchers have 
compared it with extended time intervals and 
different time points to evaluate time/aging effects 
on bond strength, which has decreased. 

The in-vitro studies were carried out using human 
molars, especially third molars extraction in most of 
the studies, with only a few studies carried out on 
bovine teeth. Distilled water was used as storage 
media in the majority of studies for evaluation of 
bond strength at different time points. SBF, DPBS, 
and Artificial Saliva were also used as storage 
medium in this test in other included studies. The two 
main bonding systems are etch and rinse and 
self-etch. The etch and rinse system shows better 
results than the self-etch system in terms of failure 
rates according to evidence55. These are important 
in the formation of the hybrid layer, which is 
responsible for the stable micro-mechanical bond 
at the resin-dentin interface. This is a key to 
increased restoration life.

Thus, the increase in bond strength observed in 32 
studies out of the included studies shows that the 
bioactive agents show better results than the 
control. Further studies and experiments to select 
and optimize a bioactive agent to be incorporated 
in dentin bonding agents for the enhancement of 
restoration life are required to produce a new 
modified dentin bonding agent that shows 
excellent results in characterization procedures.

LIST OF ABBREVIATIONS
UTM- Universal Testing Machine
SBS-Shear Bond Strength
MTBS-Micro Tensile Bond Strength
PRISMA-Preferred Reporting Items for Systematic 
Reviews and Meta-Analyses 
PICO - Patient/Population, Intervention, 

Comparison, and Outcome
PLA- Polylactide
PAC- Proanthocyanidin
HNT- Halloysite Aluminosilicate Nanotube
ACP- Amorphous Calcium Phosphate
CS- Calcium Silicates
NP- Nanoparticles
NBG- Niobium Phosphate Bioactive Glass
PAA- Polyacrylic acid 
TMP- Trimetaphosphate
HAp- Hydroxyapatite crystals
CPP-ACP- Casein Phosphopeptide-Amorphous 
Calcium Phosphate
NM- NovaMin
CES-nHAp- Chicken eggshell-derived nHAp
EGCG- Epigallocatechin-3-gallate
BAG- Bioactive Glass
DCPD- Dicalcium phosphate dihydrate
CuNp- Copper nanoparticles
PAA- Polyaspartic acid
CHX- Chlorhexidine
DMAHDM- Dimethylaminohexadecyl methacrylate
POSS-8- Polyhedral Oligomeric Silsesquioxanes
MPC-Methacryloyloxyethyl Phosphorylcholine
QAM- Quaternary ammonium monomer 
TEADDA- Triethylamine Dodecyl Acrylate
SKT- Simonkolleite
ZN-Mt- Zinc methacrylate
ZnOn- Zinc oxide nanoparticles
SBF- Simulated Body Fluid
DPBS- Dulbecco’s Phosphate Buffered Saline
DW- Distilled Water
RT- Room Temperature
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INTRODUCTION
Post-spinal anesthesia shivering (PSAS) was seen to be 
a common and distressing complication following 
spinal anesthesia, influencing 40% to 70% of patients 1. 
PSAS was studied to be characterized by involuntary, 
rhythmic muscle contractions, which significantly 
increase metabolic oxygen demand and carbon 
dioxide production and hence cardiac workload 2. 
What mattered more than the physical impact of 
shivering was that it reduced patients’ comfort, 
interfered with devices that monitor patients, and 
might have caused patients to take longer to recover. 
Effective interventions were needed to deal with PSAS 
promptly and reliably because of these challenges 3.
Spinal anesthesia produced shivering that was 
caused, to a great extent, by the disruption of thermo-
regulation. It prevented the body from maintaining 
optimum temperature using thermoregulatory 
vasoconstriction, allowing redistribution of heat 
towards the periphery 4. Other contributing factors 
were environmental exposure to low temperatures in 
the operating room, cold infusions of intravenous fluids, 
and reduced heat production during anesthesia. 
Physical and pharmaceutical approaches were 
needed to address PSAS. While prewarming fluids and 
warming blankets provided partial improvement, 
pharmacological agents remained the mainstay of 
treating established shivering 5.

Nefopam and tramadol were seen to be among the 
pharmacological options that had been widely 
studied and used. Nefopam is a non-opioid analgesic 
that has been shown to block the reuptake of 
serotonin, dopamine, and norepinephrine. It was 
considered an attractive option for postoperative 
patients because of its thermoregulatory properties 
and minimal sedation profile 6. In contrast, tramadol is 
a weak μ-opioid receptor agonist that has also been 
shown to inhibit serotonin and norepinephrine 
reuptake. Its dual mechanism of action was responsi-
ble for managing pain and shivering simultaneously, 
making it a versatile and low-cost option in the clinical 
system 7.

Despite the demonstrable effectiveness of these 
options, the debate was still there that which one of 
nefopam or tramadol was the most appropriate 
choice to treat PSAS. The minimal sedative and 
cardiovascular side effects of nefopam made it useful, 
but questions had been raised about its slow onset 
and limited availability in some settings 8. While trama-
dol had a rapid onset and robust efficacy, the latter 
was offset by a greater incidence of gastrointestinal 
side effects (nausea and vomiting). It was therefore 
crucial to evaluate these agents in comparison so that 
further clinical decisions could be guided in areas with 
different patient populations and varying resource 
constraints 9.

Healthcare systems have become more focused on 

interventions that are effective, safe, and cost-friendly. 
Tramadol was an inexpensive and widely available 
drug, which made it an attractive option in 
resource-limited areas. However, nefopam’s distinct 
safety profile characterized it as a useful alternative for 
patients with contraindications to opioids or those who 
were at increased risk of adverse events. Understand-
ing the nuances that characterized the agents’ 
performance could help guide more tailored treat-
ment strategies that incorporate both patient’s gain 
and economic considerations 10.

The objective of this systematic review was to perform 
an overall evaluation of the efficacy of nefopam 
compared to tramadol for the treatment of estab-
lished PSAS. This review aimed to synthesize findings 
from various studies to shed light on the comparative 
efficacy, safety, and practicality of these two pharma-
cological options. The intent was to give clinicians 
evidence, to direct them to the most suitable agent 
for the treatment of PSAS, ensuring optimized therapy 
and enhanced patient experience.

METHODS
To ensure a comprehensive and transparent reporting 
of findings, PRISMA guidelines were adhered to for this 
systematic review. The articles on the clinical effective-
ness of nefopam vs tramadol to treat established 
post-spinal anesthesia shivering were searched 
through three databases i.e., PubMed, Science Direct, 
and Google Scholar. English language studies that 
were published between January 2013 and April 2024 
were considered. Non-English articles were excluded 
because of translation limits. The search strategy was 
designed to ensure to retrieval relevant articles using 
Boolean operators and combinations of defined 
keywords. The keywords used to retrieve relevant 
articles were: “Nefopam AND Shivering/drug thera-
py”, “Tramadol AND Shivering/drug therapy”, and 
“Shivering/therapy AND Postoperative Complica-
tions”.

Studies were included if they focused on patients with 
post-spinal anaesthesia shivering. Only randomized 
controlled trials (RCTs), observational studies, and 
cohort studies were selected. Studies were excluded if 
shivering outcomes were not reported, if there was 
insufficient data, or if the procedures involved non-spi-
nal anaesthesia procedures.

Of 106 articles initially screened, 96 were reviewed, 
and 40 met the eligibility criteria. Two independent 
reviewers performed the screening and data 
extraction process. The disagreements among review-
ers were resolved by the third reviewer through discus-
sion or consultation. No missing data was found. Data 
extraction involved the following variables: study 
details, sedation time, intervention specifics, key 
outcomes, and limitations. Assumptions were made 
for the sake of comparison among heterogeneous 

data measures and categorization of unspecified 
randomized as “unclear risk” in bias assessments.

The studies included were assessed with the Cochrane 
Risk of Bias tool for randomized control trials and the 
Newcastle-Ottawa scale for observational studies. 
Descriptive statistics, and where appropriate, mean 
differences, and odds ratios, were calculated statisti-
cally. Since the studies were so heterogeneous the 
findings were synthesized narratively by the following 
Synthesis without a meta-analysis framework. No 
subgroup or sensitivity analyses were performed during 
the study.

In narrative synthesis, the studies were categorized 
based on efficacy, sedation quality, recovery time, 
and adverse events. The results showed that both 
nefopam and tramadol significantly reduced post-spi-
nal anesthesia shivering, whereas tramadol showed 
greater efficacy (90–97% vs. 85–90%) and faster onset 
(30–60 min) than nefopam. However, tramadol had 
more gastrointestinal side effects (5–11% nausea/vom-

iting) while nefopam had fewer. However, the conclu-
sion was made that the choice of agent should be 
guided by the clinical context and condition of 
patients. 

16 studies were finally selected and summarized in 
tables. The efficacy of nefopam and tramadol for the 
treatment of shivering after spinal anaesthesia was 
reviewed and the safety profiles and optimal dosing 
regimens for future research were identified.

RESULTS
Sixteen studies were included in this systematic review 
which compared the effectiveness of nefopam with 
tramadol against the treatment of post-spinal anes-
thesia shivering. The flow diagram is shown in Figure 1, 
through which the selection of studies is performed. 
Most of the studies were taken from Google Scholar 
(70%) from PubMed, while others were from ScienceDi-
rect and PubMed. The included studies contained 9 
RCTs, 5 cohort studies, and 2 prospective studies to 
provide a sound data set. 

DISCUSSION
Nefopam and tramadol were assessed for their 
effectiveness in treating PSAS in this systematic 
review. Key differences in onset of action, recovery 
time, and adverse event profiles were seen for both 
agents. But both agents showed efficacy. Across 
multiple studies tramadol had a rapid onset and 

consistently high efficacy for reducing shivering 
incidences and severity by 90% to 97%. In contrast, 
the tolerability profile of nefopam was more favor-
able, especially in minimizing gastrointestinal side 
effects, though slightly less effective for reducing 
shivering in some cases.

The studies included in this review provided strong 
evidence from many clinical settings, thereby 
increasing the generalizability of findings. A large
sample size with over 500 patients supported trama-
dol’s efficacy, as mentioned in one study. Though 
smaller in scale, nefopam studies provided good 
ideas regarding safety and applicability, especially 
for patients with contraindications to opioids25.

As study designs were heterogeneous therefore 
direct comparison was not the best option. Varia-
tions in dosing regimens, outcome measurements, 
and patient populations made it difficult to draw 
definitive conclusions. Moreover, there was a lack of 
standardization in many studies to measure shivering 
severity, recovery times, and adverse events, 
hence, more uniform methodologies are needed in 
future studies.

Tramadol’s rapid onset and high efficacy were 
particularly well suited for the scenarios where 
immediate shivering control was required 27. Two 
studies highlighted its ability to resolve shivering 
within less than 30–60 minutes. Unlike nefopam, 
which took 24 hours or more to achieve full recovery 
in some patients, this might limit its usage in acute 
settings, but did not diminish its effectiveness in wider 
perioperative care 28.

The distinct mode of action of nefopam (non-opi-
oid, acting by serotonin, norepinephrine, and dopa-
mine reuptake inhibition) and tramadol (weak 
opioid agonist with similar reuptake inhibition 
effects) was self-explanatory for their diverse effects 
on shivering prevention and adverse events29. Nefo-
pam’s slower onset might seem like a limitation, but 
its consistent efficacy and milder side effects made 
it a suitable choice in patients who needed less 
urgent interventions. In longer recovery settings, 
nefopam reduced shivering severity effectively 
without significant sedation, making it a versatile 
option, as pointed out by one study 30.

In 5% to 11% of cases, the adverse event profile of 
tramadol primarily consisted of gastrointestinal 
disturbances, such as nausea and vomiting. Howev-
er, these effects were dose-dependent, and they 
could be prevented by prophylactic antiemetics. 
On the other hand, a more favorable profile was 
seen for nefopam, which had fewer gastrointestinal 
side effects, but some cases of tachycardia and 
hypertension were reported. One study’s finding 
indicated that nefopam was suitable for use in 
patients who had a risk of either gastrointestinal 
complications or opioid-related sedation31.

In the perioperative settings, recovery time and 
sedation profiles were important factors that affect-
ed patient turnover and satisfaction. Tramadol 
helped accelerate recovery, and it was generally 

reported that most patients resumed normal activity 
within 30 to 60 minutes of taking Tramadol 32. Its 
preference in resource-constrained or high turnover 
environments aligned with its ability to rapidly 
resolve symptoms. On the other hand, it might take 
nefopam up to 24h or more for recovery, which 
could be too long for instantaneous recovery in 
demanding situations. In addition, nefopam’s 
minimal sedative effect made nefopam quite useful 
to patients who should remain alert or prevent respi-
ratory depression. This was the quality that made 
nefopam the preferred agent, in settings where 
cognitive clarity was most important 33.

Choosing between nefopam and tramadol should 
be based on patient-specific factors such as comor-
bid illnesses, risk of adverse events, and resource 
availability. Tramadol was an affordable and acces-
sible medication in resource-limited settings. Howev-
er, Nefopam was costlier and had advantages in 
patients with contraindications to opioids or 
increased sensitivity to gastrointestinal effects. These 
findings were consistent with the general healthcare 
goals of providing cost-effective, patient-focused 
care 34.

Economic analyses of these agents demonstrated 
the necessity of weighing upfront costs with 
long-term consequences 35. While tramadol was 
cheaper, it was also more likely to cause higher rates 
of nausea and vomiting, which might require more 
treatments. On the other hand, nefopam’s higher 
cost was justified in patients where the reduced side 
effects resulted in short hospital stays or fewer 
interventions36.

When the rapidly increasing emphasis on precision 
medicine was considered, it became critical to 
develop management strategies for shivering 
tailored to the individual patient profile37. Agent 
selection must be guided by risk factors such as age, 
comorbidities and prior adverse reactions. Further-
more, patient preferences concerning sedation and 
recovery time should be integrated into clinical 
decisions to maximize adherence with treatment 
plans and increase satisfaction in patients38.

There was a need for more future studies that should 
compare nefopam and tramadol head-to-head, by 
employing standardized dosing regimens and 
outcome measures. Further studies to confirm 
findings and to address existing gaps in evidence 
should be randomized controlled trials with larger 
sample sizes. Moreover, combination therapies or 
novel agents might further improve the manage-
ment of PSAS39,40.

Stratification of patients based on risk factors such as 
comorbidities or severity of shivering should also be 
investigated to identify optimal agent selection. 

Longitudinal studies evaluating long-term outcomes 
such as quality of life and cost-effectiveness would 
be of significant value to clinical practitioners and 
policymakers. Furthermore, advances in pharma-
cogenomics could pinpoint patient-specific deter-
minants of response to nefopam and tramadol. 
These insights, when integrated into clinical prac-
tice, would promote more effective and personal-
ized PSAS management strategies.

CONCLUSION
Based on this systematic review, nefopam and 
tramadol appeared to be effective for established 
PSAS. Nefopam was a slightly safer option for 
patients who needed minimal sedation and a 
reduction in gastrointestinal side effects as com-
pared to tramadol, which had other advantages 
like rapid shivering control and cost effectiveness. 
Optimal perioperative care and choices of agents 
should be tailored according to individual patient 
needs and clinical context, with optimal outcomes. 
Future studies should integrate standardized proto-
cols with a direct comparison of tramadol and nefo-
pam for more definitive results.
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DISCUSSION
Several studies showed that bioactive agents have 
a positive impact on the bond strength either in 
maintenance or in increasing the bond strength at 
different time intervals. The improvement in the 
studies was due to the remineralization potential of 
bioactive agents. The agents lead to the formation 
apatite layer at the adhesive interface, thus 
strengthening the bond and restoring life.  However, 
there are 4 studies 23, 25, 39, 48 in which a decrease in 
the bond strength is observed. 

The study has identified and critically appraised 36 
articles that evaluated the bond strength after 
incorporation of various bioactive agents. In 32 
studies (88.89%), the results observed were positive 
as the bond strength improved to some extent 16, 19, 

21, 26, 27, 29, 30, 36-38, 41-45 or bond strength value remained 
same for longer time as compared to control17, 18, 20, 22, 

24, 28, 31-35, 40, 46, 47, 49-51. Aging is another important factor 
that affects bond strength, as the bond strength 
value has decreased after 6 months or more. 

Various bioactive agents were used in these studies. 
The most common bioactive agent used was 
bioactive glass, either in pure form, commonly used 
silicate-based, phosphate-based, or ion-doped. The 
second common bioactive agents were 
Amorphous calcium phosphate and 
Hydroxyapatite, used in various forms and sizes. 
These agents, being closest to the tooth structure, 
had positive effects on bond strength. Other agents 
were halloysite, DMAHM, Cecropin and Iron oxide 
nanoparticles, PLA capsules, Chitosan, 
Phosphoproteins, Cross linkers PA/EGCG, FUDMA, 
Dicalcium Phosphate and MTA, Copper 
Nanoparticles, Calcium Silicate particles, POSS, 
Niobium Silicate, QAM-TEADDA, Titanium Oxide, 
Wollastonite, Simonkolleite, Zinc methacrylate and 
Zinc oxide nanoparticles that were incorporated in 
dentin bonding agent to observe changes in bond 
strength. 

The majority of the thirty-two studies (88.89%) had 
improved or stable bond strength for a longer time 
as compared to only four studies, 23, 25, 39, 48, which 
showed a decline in the bond strength. Most of the 

studies have evaluated micro-tensile bond strength
via different techniques with specific specimen 
dimensions, mostly using rods and beams of around 
1mm2. Remaining studies evaluated shear bond 
strength, which has no specific requirements for 
specimen preparation.  Besides this time has an 
important role in bond strength, which usually 
decreases with aging. Bond strength is evaluated at 
24 hours in all studies, in which few researchers have 
compared it with extended time intervals and 
different time points to evaluate time/aging effects 
on bond strength, which has decreased. 

The in-vitro studies were carried out using human 
molars, especially third molars extraction in most of 
the studies, with only a few studies carried out on 
bovine teeth. Distilled water was used as storage 
media in the majority of studies for evaluation of 
bond strength at different time points. SBF, DPBS, 
and Artificial Saliva were also used as storage 
medium in this test in other included studies. The two 
main bonding systems are etch and rinse and 
self-etch. The etch and rinse system shows better 
results than the self-etch system in terms of failure 
rates according to evidence55. These are important 
in the formation of the hybrid layer, which is 
responsible for the stable micro-mechanical bond 
at the resin-dentin interface. This is a key to 
increased restoration life.

Thus, the increase in bond strength observed in 32 
studies out of the included studies shows that the 
bioactive agents show better results than the 
control. Further studies and experiments to select 
and optimize a bioactive agent to be incorporated 
in dentin bonding agents for the enhancement of 
restoration life are required to produce a new 
modified dentin bonding agent that shows 
excellent results in characterization procedures.

LIST OF ABBREVIATIONS
UTM- Universal Testing Machine
SBS-Shear Bond Strength
MTBS-Micro Tensile Bond Strength
PRISMA-Preferred Reporting Items for Systematic 
Reviews and Meta-Analyses 
PICO - Patient/Population, Intervention, 

Comparison, and Outcome
PLA- Polylactide
PAC- Proanthocyanidin
HNT- Halloysite Aluminosilicate Nanotube
ACP- Amorphous Calcium Phosphate
CS- Calcium Silicates
NP- Nanoparticles
NBG- Niobium Phosphate Bioactive Glass
PAA- Polyacrylic acid 
TMP- Trimetaphosphate
HAp- Hydroxyapatite crystals
CPP-ACP- Casein Phosphopeptide-Amorphous 
Calcium Phosphate
NM- NovaMin
CES-nHAp- Chicken eggshell-derived nHAp
EGCG- Epigallocatechin-3-gallate
BAG- Bioactive Glass
DCPD- Dicalcium phosphate dihydrate
CuNp- Copper nanoparticles
PAA- Polyaspartic acid
CHX- Chlorhexidine
DMAHDM- Dimethylaminohexadecyl methacrylate
POSS-8- Polyhedral Oligomeric Silsesquioxanes
MPC-Methacryloyloxyethyl Phosphorylcholine
QAM- Quaternary ammonium monomer 
TEADDA- Triethylamine Dodecyl Acrylate
SKT- Simonkolleite
ZN-Mt- Zinc methacrylate
ZnOn- Zinc oxide nanoparticles
SBF- Simulated Body Fluid
DPBS- Dulbecco’s Phosphate Buffered Saline
DW- Distilled Water
RT- Room Temperature
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INTRODUCTION
Post-spinal anesthesia shivering (PSAS) was seen to be 
a common and distressing complication following 
spinal anesthesia, influencing 40% to 70% of patients 1. 
PSAS was studied to be characterized by involuntary, 
rhythmic muscle contractions, which significantly 
increase metabolic oxygen demand and carbon 
dioxide production and hence cardiac workload 2. 
What mattered more than the physical impact of 
shivering was that it reduced patients’ comfort, 
interfered with devices that monitor patients, and 
might have caused patients to take longer to recover. 
Effective interventions were needed to deal with PSAS 
promptly and reliably because of these challenges 3.
Spinal anesthesia produced shivering that was 
caused, to a great extent, by the disruption of thermo-
regulation. It prevented the body from maintaining 
optimum temperature using thermoregulatory 
vasoconstriction, allowing redistribution of heat 
towards the periphery 4. Other contributing factors 
were environmental exposure to low temperatures in 
the operating room, cold infusions of intravenous fluids, 
and reduced heat production during anesthesia. 
Physical and pharmaceutical approaches were 
needed to address PSAS. While prewarming fluids and 
warming blankets provided partial improvement, 
pharmacological agents remained the mainstay of 
treating established shivering 5.

Nefopam and tramadol were seen to be among the 
pharmacological options that had been widely 
studied and used. Nefopam is a non-opioid analgesic 
that has been shown to block the reuptake of 
serotonin, dopamine, and norepinephrine. It was 
considered an attractive option for postoperative 
patients because of its thermoregulatory properties 
and minimal sedation profile 6. In contrast, tramadol is 
a weak μ-opioid receptor agonist that has also been 
shown to inhibit serotonin and norepinephrine 
reuptake. Its dual mechanism of action was responsi-
ble for managing pain and shivering simultaneously, 
making it a versatile and low-cost option in the clinical 
system 7.

Despite the demonstrable effectiveness of these 
options, the debate was still there that which one of 
nefopam or tramadol was the most appropriate 
choice to treat PSAS. The minimal sedative and 
cardiovascular side effects of nefopam made it useful, 
but questions had been raised about its slow onset 
and limited availability in some settings 8. While trama-
dol had a rapid onset and robust efficacy, the latter 
was offset by a greater incidence of gastrointestinal 
side effects (nausea and vomiting). It was therefore 
crucial to evaluate these agents in comparison so that 
further clinical decisions could be guided in areas with 
different patient populations and varying resource 
constraints 9.

Healthcare systems have become more focused on 

interventions that are effective, safe, and cost-friendly. 
Tramadol was an inexpensive and widely available 
drug, which made it an attractive option in 
resource-limited areas. However, nefopam’s distinct 
safety profile characterized it as a useful alternative for 
patients with contraindications to opioids or those who 
were at increased risk of adverse events. Understand-
ing the nuances that characterized the agents’ 
performance could help guide more tailored treat-
ment strategies that incorporate both patient’s gain 
and economic considerations 10.

The objective of this systematic review was to perform 
an overall evaluation of the efficacy of nefopam 
compared to tramadol for the treatment of estab-
lished PSAS. This review aimed to synthesize findings 
from various studies to shed light on the comparative 
efficacy, safety, and practicality of these two pharma-
cological options. The intent was to give clinicians 
evidence, to direct them to the most suitable agent 
for the treatment of PSAS, ensuring optimized therapy 
and enhanced patient experience.

METHODS
To ensure a comprehensive and transparent reporting 
of findings, PRISMA guidelines were adhered to for this 
systematic review. The articles on the clinical effective-
ness of nefopam vs tramadol to treat established 
post-spinal anesthesia shivering were searched 
through three databases i.e., PubMed, Science Direct, 
and Google Scholar. English language studies that 
were published between January 2013 and April 2024 
were considered. Non-English articles were excluded 
because of translation limits. The search strategy was 
designed to ensure to retrieval relevant articles using 
Boolean operators and combinations of defined 
keywords. The keywords used to retrieve relevant 
articles were: “Nefopam AND Shivering/drug thera-
py”, “Tramadol AND Shivering/drug therapy”, and 
“Shivering/therapy AND Postoperative Complica-
tions”.

Studies were included if they focused on patients with 
post-spinal anaesthesia shivering. Only randomized 
controlled trials (RCTs), observational studies, and 
cohort studies were selected. Studies were excluded if 
shivering outcomes were not reported, if there was 
insufficient data, or if the procedures involved non-spi-
nal anaesthesia procedures.

Of 106 articles initially screened, 96 were reviewed, 
and 40 met the eligibility criteria. Two independent 
reviewers performed the screening and data 
extraction process. The disagreements among review-
ers were resolved by the third reviewer through discus-
sion or consultation. No missing data was found. Data 
extraction involved the following variables: study 
details, sedation time, intervention specifics, key 
outcomes, and limitations. Assumptions were made 
for the sake of comparison among heterogeneous 

data measures and categorization of unspecified 
randomized as “unclear risk” in bias assessments.

The studies included were assessed with the Cochrane 
Risk of Bias tool for randomized control trials and the 
Newcastle-Ottawa scale for observational studies. 
Descriptive statistics, and where appropriate, mean 
differences, and odds ratios, were calculated statisti-
cally. Since the studies were so heterogeneous the 
findings were synthesized narratively by the following 
Synthesis without a meta-analysis framework. No 
subgroup or sensitivity analyses were performed during 
the study.

In narrative synthesis, the studies were categorized 
based on efficacy, sedation quality, recovery time, 
and adverse events. The results showed that both 
nefopam and tramadol significantly reduced post-spi-
nal anesthesia shivering, whereas tramadol showed 
greater efficacy (90–97% vs. 85–90%) and faster onset 
(30–60 min) than nefopam. However, tramadol had 
more gastrointestinal side effects (5–11% nausea/vom-

iting) while nefopam had fewer. However, the conclu-
sion was made that the choice of agent should be 
guided by the clinical context and condition of 
patients. 

16 studies were finally selected and summarized in 
tables. The efficacy of nefopam and tramadol for the 
treatment of shivering after spinal anaesthesia was 
reviewed and the safety profiles and optimal dosing 
regimens for future research were identified.

RESULTS
Sixteen studies were included in this systematic review 
which compared the effectiveness of nefopam with 
tramadol against the treatment of post-spinal anes-
thesia shivering. The flow diagram is shown in Figure 1, 
through which the selection of studies is performed. 
Most of the studies were taken from Google Scholar 
(70%) from PubMed, while others were from ScienceDi-
rect and PubMed. The included studies contained 9 
RCTs, 5 cohort studies, and 2 prospective studies to 
provide a sound data set. 

Figure 1: PRISMA Flow Diagram Demonstrating Filtering of Studies According to Inclusion and Exclusion 
Criteria. 16 Studies Were Selected for Systematic Review 

DISCUSSION
Nefopam and tramadol were assessed for their 
effectiveness in treating PSAS in this systematic 
review. Key differences in onset of action, recovery 
time, and adverse event profiles were seen for both 
agents. But both agents showed efficacy. Across 
multiple studies tramadol had a rapid onset and 

consistently high efficacy for reducing shivering 
incidences and severity by 90% to 97%. In contrast, 
the tolerability profile of nefopam was more favor-
able, especially in minimizing gastrointestinal side 
effects, though slightly less effective for reducing 
shivering in some cases.

The studies included in this review provided strong 
evidence from many clinical settings, thereby 
increasing the generalizability of findings. A large
sample size with over 500 patients supported trama-
dol’s efficacy, as mentioned in one study. Though 
smaller in scale, nefopam studies provided good 
ideas regarding safety and applicability, especially 
for patients with contraindications to opioids25.

As study designs were heterogeneous therefore 
direct comparison was not the best option. Varia-
tions in dosing regimens, outcome measurements, 
and patient populations made it difficult to draw 
definitive conclusions. Moreover, there was a lack of 
standardization in many studies to measure shivering 
severity, recovery times, and adverse events, 
hence, more uniform methodologies are needed in 
future studies.

Tramadol’s rapid onset and high efficacy were 
particularly well suited for the scenarios where 
immediate shivering control was required 27. Two 
studies highlighted its ability to resolve shivering 
within less than 30–60 minutes. Unlike nefopam, 
which took 24 hours or more to achieve full recovery 
in some patients, this might limit its usage in acute 
settings, but did not diminish its effectiveness in wider 
perioperative care 28.

The distinct mode of action of nefopam (non-opi-
oid, acting by serotonin, norepinephrine, and dopa-
mine reuptake inhibition) and tramadol (weak 
opioid agonist with similar reuptake inhibition 
effects) was self-explanatory for their diverse effects 
on shivering prevention and adverse events29. Nefo-
pam’s slower onset might seem like a limitation, but 
its consistent efficacy and milder side effects made 
it a suitable choice in patients who needed less 
urgent interventions. In longer recovery settings, 
nefopam reduced shivering severity effectively 
without significant sedation, making it a versatile 
option, as pointed out by one study 30.

In 5% to 11% of cases, the adverse event profile of 
tramadol primarily consisted of gastrointestinal 
disturbances, such as nausea and vomiting. Howev-
er, these effects were dose-dependent, and they 
could be prevented by prophylactic antiemetics. 
On the other hand, a more favorable profile was 
seen for nefopam, which had fewer gastrointestinal 
side effects, but some cases of tachycardia and 
hypertension were reported. One study’s finding 
indicated that nefopam was suitable for use in 
patients who had a risk of either gastrointestinal 
complications or opioid-related sedation31.

In the perioperative settings, recovery time and 
sedation profiles were important factors that affect-
ed patient turnover and satisfaction. Tramadol 
helped accelerate recovery, and it was generally 

reported that most patients resumed normal activity 
within 30 to 60 minutes of taking Tramadol 32. Its 
preference in resource-constrained or high turnover 
environments aligned with its ability to rapidly 
resolve symptoms. On the other hand, it might take 
nefopam up to 24h or more for recovery, which 
could be too long for instantaneous recovery in 
demanding situations. In addition, nefopam’s 
minimal sedative effect made nefopam quite useful 
to patients who should remain alert or prevent respi-
ratory depression. This was the quality that made 
nefopam the preferred agent, in settings where 
cognitive clarity was most important 33.

Choosing between nefopam and tramadol should 
be based on patient-specific factors such as comor-
bid illnesses, risk of adverse events, and resource 
availability. Tramadol was an affordable and acces-
sible medication in resource-limited settings. Howev-
er, Nefopam was costlier and had advantages in 
patients with contraindications to opioids or 
increased sensitivity to gastrointestinal effects. These 
findings were consistent with the general healthcare 
goals of providing cost-effective, patient-focused 
care 34.

Economic analyses of these agents demonstrated 
the necessity of weighing upfront costs with 
long-term consequences 35. While tramadol was 
cheaper, it was also more likely to cause higher rates 
of nausea and vomiting, which might require more 
treatments. On the other hand, nefopam’s higher 
cost was justified in patients where the reduced side 
effects resulted in short hospital stays or fewer 
interventions36.

When the rapidly increasing emphasis on precision 
medicine was considered, it became critical to 
develop management strategies for shivering 
tailored to the individual patient profile37. Agent 
selection must be guided by risk factors such as age, 
comorbidities and prior adverse reactions. Further-
more, patient preferences concerning sedation and 
recovery time should be integrated into clinical 
decisions to maximize adherence with treatment 
plans and increase satisfaction in patients38.

There was a need for more future studies that should 
compare nefopam and tramadol head-to-head, by 
employing standardized dosing regimens and 
outcome measures. Further studies to confirm 
findings and to address existing gaps in evidence 
should be randomized controlled trials with larger 
sample sizes. Moreover, combination therapies or 
novel agents might further improve the manage-
ment of PSAS39,40.

Stratification of patients based on risk factors such as 
comorbidities or severity of shivering should also be 
investigated to identify optimal agent selection. 

Longitudinal studies evaluating long-term outcomes 
such as quality of life and cost-effectiveness would 
be of significant value to clinical practitioners and 
policymakers. Furthermore, advances in pharma-
cogenomics could pinpoint patient-specific deter-
minants of response to nefopam and tramadol. 
These insights, when integrated into clinical prac-
tice, would promote more effective and personal-
ized PSAS management strategies.

CONCLUSION
Based on this systematic review, nefopam and 
tramadol appeared to be effective for established 
PSAS. Nefopam was a slightly safer option for 
patients who needed minimal sedation and a 
reduction in gastrointestinal side effects as com-
pared to tramadol, which had other advantages 
like rapid shivering control and cost effectiveness. 
Optimal perioperative care and choices of agents 
should be tailored according to individual patient 
needs and clinical context, with optimal outcomes. 
Future studies should integrate standardized proto-
cols with a direct comparison of tramadol and nefo-
pam for more definitive results.
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DISCUSSION
Several studies showed that bioactive agents have 
a positive impact on the bond strength either in 
maintenance or in increasing the bond strength at 
different time intervals. The improvement in the 
studies was due to the remineralization potential of 
bioactive agents. The agents lead to the formation 
apatite layer at the adhesive interface, thus 
strengthening the bond and restoring life.  However, 
there are 4 studies 23, 25, 39, 48 in which a decrease in 
the bond strength is observed. 

The study has identified and critically appraised 36 
articles that evaluated the bond strength after 
incorporation of various bioactive agents. In 32 
studies (88.89%), the results observed were positive 
as the bond strength improved to some extent 16, 19, 

21, 26, 27, 29, 30, 36-38, 41-45 or bond strength value remained 
same for longer time as compared to control17, 18, 20, 22, 

24, 28, 31-35, 40, 46, 47, 49-51. Aging is another important factor 
that affects bond strength, as the bond strength 
value has decreased after 6 months or more. 

Various bioactive agents were used in these studies. 
The most common bioactive agent used was 
bioactive glass, either in pure form, commonly used 
silicate-based, phosphate-based, or ion-doped. The 
second common bioactive agents were 
Amorphous calcium phosphate and 
Hydroxyapatite, used in various forms and sizes. 
These agents, being closest to the tooth structure, 
had positive effects on bond strength. Other agents 
were halloysite, DMAHM, Cecropin and Iron oxide 
nanoparticles, PLA capsules, Chitosan, 
Phosphoproteins, Cross linkers PA/EGCG, FUDMA, 
Dicalcium Phosphate and MTA, Copper 
Nanoparticles, Calcium Silicate particles, POSS, 
Niobium Silicate, QAM-TEADDA, Titanium Oxide, 
Wollastonite, Simonkolleite, Zinc methacrylate and 
Zinc oxide nanoparticles that were incorporated in 
dentin bonding agent to observe changes in bond 
strength. 

The majority of the thirty-two studies (88.89%) had 
improved or stable bond strength for a longer time 
as compared to only four studies, 23, 25, 39, 48, which 
showed a decline in the bond strength. Most of the 

studies have evaluated micro-tensile bond strength
via different techniques with specific specimen 
dimensions, mostly using rods and beams of around 
1mm2. Remaining studies evaluated shear bond 
strength, which has no specific requirements for 
specimen preparation.  Besides this time has an 
important role in bond strength, which usually 
decreases with aging. Bond strength is evaluated at 
24 hours in all studies, in which few researchers have 
compared it with extended time intervals and 
different time points to evaluate time/aging effects 
on bond strength, which has decreased. 

The in-vitro studies were carried out using human 
molars, especially third molars extraction in most of 
the studies, with only a few studies carried out on 
bovine teeth. Distilled water was used as storage 
media in the majority of studies for evaluation of 
bond strength at different time points. SBF, DPBS, 
and Artificial Saliva were also used as storage 
medium in this test in other included studies. The two 
main bonding systems are etch and rinse and 
self-etch. The etch and rinse system shows better 
results than the self-etch system in terms of failure 
rates according to evidence55. These are important 
in the formation of the hybrid layer, which is 
responsible for the stable micro-mechanical bond 
at the resin-dentin interface. This is a key to 
increased restoration life.

Thus, the increase in bond strength observed in 32 
studies out of the included studies shows that the 
bioactive agents show better results than the 
control. Further studies and experiments to select 
and optimize a bioactive agent to be incorporated 
in dentin bonding agents for the enhancement of 
restoration life are required to produce a new 
modified dentin bonding agent that shows 
excellent results in characterization procedures.
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ACP- Amorphous Calcium Phosphate
CS- Calcium Silicates
NP- Nanoparticles
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To reduce shivering, nefopam and tramadol both 
were significantly efficient but tramadol on average 
was more efficient (90-97% versus 85-90%). Being rapid 
in onset of action (typically 30-60 minutes), tramadol 
was the drug of choice for time-sensitive cases. Unlike 
nefopam, which had a slower onset, it was beneficial 
for patients who required less sedation and clearer 
cognitive function. Patients returned to normal activi-
ties much quicker after use of tramadol (less than an 
hour) than on nefopam (more than 24 hours).

Some studies seemed to be relevant but excluded 
due to the difference in methodologies. Gaballah 
and Abdullah (2020) examined oral tramadol but 
lacked comparability with other drugs, while Amsalu 
et al. (2022) focused on shivering management in 
general without the use of the review’s specified 
drugs. Similarly, some other studies didn’t provide data 
that could be compared.

Sedation quality was measured by using visual analog 
scales (VAS) and other commonly used sedation 
scales in the postoperative setting. Data from these 
scales revealed that tramadol produced mild to mod-
erate sedation in some patients and nefopam caused 
minimal sedation in most patients, making it suitable 
for patients who require minimal cognitive impairment. 
These findings were observed in all the studies cited in 
this review.

Both agents reduced opioid consumption by 25–30%, 
with nefopam demonstrating a more favorable profile 
against side effects, particularly nausea and vomiting. 
Tramadol, while efficient, was associated with higher 
rates of nausea and vomiting (5–11%), which were, 
however, manageable by prophylaxis. Gastrointesti-
nal disturbances were fewer with nefopam, but tachy-
cardia and hypertension were occasional, particularly 
at higher dosage rates.

Table 1:Systematic Review Table Showing Agents Selected for Study and Their Key Findings 

Author & year, 
Reference 
(Location) 

Sample Size 
(Agent Studied) Sedation Quality Recovery Time Adverse Events Key Findings 

Basman et al., 
2024 
(UAE, Multiple 
hospitals)11

150, 
Tramadol 

Stable maternal 
vitals Within 1–2 days Minimal: nausea (5%), 

vomiting (3%) 

Tramadol reduced post-
spinal anesthesia shivering 
incidence and severity 
without neonatal impact. 

Ayad et al., 2022 
(Iraq)12 

60, 
Nefopam Mild sedation Less than 2 days Minimal: nausea (2%), 

vomiting (2%) 

Nefopam effectively 
reduced postoperative 
shivering with a 95% 
response rate. 

Jatuporn et al., 
2020 (Thailand)13

96, 
Nefopam 

Mild sedation in 
some cases Within 2 days 

Minimal: tachycardia 
(4%), nausea/vomiting 
(5–10%) 

Adding nefopam to 
opioids did not significantly 
improve analgesic 
efficacy after spine 
surgery. 

Shoyemi et al., 
2024 
(Nigeria)14

68, 
Nefopam, Tramadol Mild sedation 

The recovery 
time of both 
was 1 hour 6 
minutes 
(p=0.16) 

Nausea in the Tramadol 
group (11.8%), none in 
the Nefopam group 

Nefopam was significantly 
more effective in 
preventing shivering during 
spinal anesthesia than 
tramadol. 

Eman M. Abd El 
Azeem et al., 2023 
(Egypt)15

86, 
Tramadol 

Standardized 
protocols and triple-
blinded 
randomization. 

Uniform 
postoperative 
monitoring. 

Lower nausea in the 
intrathecal tramadol 
group, vomiting, and 
hypotension. 

Intrathecal tramadol 
significantly reduced 
shivering (intraoperative: 
4.6% vs. 18.6%; 
postoperative: 7% vs. 21%) 
with fewer adverse effects. 

Chalermkitpanit 
et al., 2022 
(Thailand)16 

100, (49 nefopam, 45 
saline) 

Nefopam had no 
sedative effects; a 
standardized 
anesthesia protocol 
was used. 

~4 days Nausea, dizziness, 
drowsiness 

Nefopam did not 
significantly reduce opioid 
use, postoperative pain, or 
enhance recovery 
outcomes in minimally 
invasive spine surgery. 

Chalermkitpanit 
et al., 2023 
(Thailand)17 

100, 
Nefopam 

Standard anesthesia 
protocol 

Length of stay 
(LOS): 4.3 ± 1.0 
days 
(Nefopam) 

Nausea/vomiting or 
dizziness 

Nefopam reduced LOS 
and early postoperative 
pain but did not affect 
morphine use. 

Hwisa et al., 2024 
(Libya)18 

60, 
Tramadol IV 

Room temperature 
IV fluids 

Shivering 
duration: 20.3 ± 
9.6 min 
(Tramadol) 

Nausea/vomiting 
Tramadol significantly 
reduced shivering duration 
compared to blankets. 

Baloch et al., 2021 
(Qatar)19 

120, 
Tramadol 

Standardized 
anesthetic and IV 
fluid temp 

Shivering 
resolved in 15 
min for 
Tramadol vs. 
persisted in 
Control 

Minimal adverse 
effects; no dose-
dependent differences 

Both Tramadol doses 
controlled shivering 
effectively with low side 
effect profiles. 

Lee et al., 2021 
(Korea)20 

135, 
Nefopam (alone, 
combo) 

No sedation 
comparison 1 day Postoperative nausea 

and vomiting 

Nefopam alone showed 
limited efficacy compared 
to fentanyl. 

DISCUSSION
Nefopam and tramadol were assessed for their 
effectiveness in treating PSAS in this systematic 
review. Key differences in onset of action, recovery 
time, and adverse event profiles were seen for both 
agents. But both agents showed efficacy. Across 
multiple studies tramadol had a rapid onset and 

consistently high efficacy for reducing shivering 
incidences and severity by 90% to 97%. In contrast, 
the tolerability profile of nefopam was more favor-
able, especially in minimizing gastrointestinal side 
effects, though slightly less effective for reducing 
shivering in some cases.

The studies included in this review provided strong 
evidence from many clinical settings, thereby 
increasing the generalizability of findings. A large
sample size with over 500 patients supported trama-
dol’s efficacy, as mentioned in one study. Though 
smaller in scale, nefopam studies provided good 
ideas regarding safety and applicability, especially 
for patients with contraindications to opioids25.

As study designs were heterogeneous therefore 
direct comparison was not the best option. Varia-
tions in dosing regimens, outcome measurements, 
and patient populations made it difficult to draw 
definitive conclusions. Moreover, there was a lack of 
standardization in many studies to measure shivering 
severity, recovery times, and adverse events, 
hence, more uniform methodologies are needed in 
future studies.

Tramadol’s rapid onset and high efficacy were 
particularly well suited for the scenarios where 
immediate shivering control was required 27. Two 
studies highlighted its ability to resolve shivering 
within less than 30–60 minutes. Unlike nefopam, 
which took 24 hours or more to achieve full recovery 
in some patients, this might limit its usage in acute 
settings, but did not diminish its effectiveness in wider 
perioperative care 28.

The distinct mode of action of nefopam (non-opi-
oid, acting by serotonin, norepinephrine, and dopa-
mine reuptake inhibition) and tramadol (weak 
opioid agonist with similar reuptake inhibition 
effects) was self-explanatory for their diverse effects 
on shivering prevention and adverse events29. Nefo-
pam’s slower onset might seem like a limitation, but 
its consistent efficacy and milder side effects made 
it a suitable choice in patients who needed less 
urgent interventions. In longer recovery settings, 
nefopam reduced shivering severity effectively 
without significant sedation, making it a versatile 
option, as pointed out by one study 30.

In 5% to 11% of cases, the adverse event profile of 
tramadol primarily consisted of gastrointestinal 
disturbances, such as nausea and vomiting. Howev-
er, these effects were dose-dependent, and they 
could be prevented by prophylactic antiemetics. 
On the other hand, a more favorable profile was 
seen for nefopam, which had fewer gastrointestinal 
side effects, but some cases of tachycardia and 
hypertension were reported. One study’s finding 
indicated that nefopam was suitable for use in 
patients who had a risk of either gastrointestinal 
complications or opioid-related sedation31.

In the perioperative settings, recovery time and 
sedation profiles were important factors that affect-
ed patient turnover and satisfaction. Tramadol 
helped accelerate recovery, and it was generally 

reported that most patients resumed normal activity 
within 30 to 60 minutes of taking Tramadol 32. Its 
preference in resource-constrained or high turnover 
environments aligned with its ability to rapidly 
resolve symptoms. On the other hand, it might take 
nefopam up to 24h or more for recovery, which 
could be too long for instantaneous recovery in 
demanding situations. In addition, nefopam’s 
minimal sedative effect made nefopam quite useful 
to patients who should remain alert or prevent respi-
ratory depression. This was the quality that made 
nefopam the preferred agent, in settings where 
cognitive clarity was most important 33.

Choosing between nefopam and tramadol should 
be based on patient-specific factors such as comor-
bid illnesses, risk of adverse events, and resource 
availability. Tramadol was an affordable and acces-
sible medication in resource-limited settings. Howev-
er, Nefopam was costlier and had advantages in 
patients with contraindications to opioids or 
increased sensitivity to gastrointestinal effects. These 
findings were consistent with the general healthcare 
goals of providing cost-effective, patient-focused 
care 34.

Economic analyses of these agents demonstrated 
the necessity of weighing upfront costs with 
long-term consequences 35. While tramadol was 
cheaper, it was also more likely to cause higher rates 
of nausea and vomiting, which might require more 
treatments. On the other hand, nefopam’s higher 
cost was justified in patients where the reduced side 
effects resulted in short hospital stays or fewer 
interventions36.

When the rapidly increasing emphasis on precision 
medicine was considered, it became critical to 
develop management strategies for shivering 
tailored to the individual patient profile37. Agent 
selection must be guided by risk factors such as age, 
comorbidities and prior adverse reactions. Further-
more, patient preferences concerning sedation and 
recovery time should be integrated into clinical 
decisions to maximize adherence with treatment 
plans and increase satisfaction in patients38.

There was a need for more future studies that should 
compare nefopam and tramadol head-to-head, by 
employing standardized dosing regimens and 
outcome measures. Further studies to confirm 
findings and to address existing gaps in evidence 
should be randomized controlled trials with larger 
sample sizes. Moreover, combination therapies or 
novel agents might further improve the manage-
ment of PSAS39,40.

Stratification of patients based on risk factors such as 
comorbidities or severity of shivering should also be 
investigated to identify optimal agent selection. 

Longitudinal studies evaluating long-term outcomes 
such as quality of life and cost-effectiveness would 
be of significant value to clinical practitioners and 
policymakers. Furthermore, advances in pharma-
cogenomics could pinpoint patient-specific deter-
minants of response to nefopam and tramadol. 
These insights, when integrated into clinical prac-
tice, would promote more effective and personal-
ized PSAS management strategies.

CONCLUSION
Based on this systematic review, nefopam and 
tramadol appeared to be effective for established 
PSAS. Nefopam was a slightly safer option for 
patients who needed minimal sedation and a 
reduction in gastrointestinal side effects as com-
pared to tramadol, which had other advantages 
like rapid shivering control and cost effectiveness. 
Optimal perioperative care and choices of agents 
should be tailored according to individual patient 
needs and clinical context, with optimal outcomes. 
Future studies should integrate standardized proto-
cols with a direct comparison of tramadol and nefo-
pam for more definitive results.

LIST ABBREVIATIONS 
PSAS: Post-Spinal Anesthesia Shivering
RCT: Randomized Controlled Trial
PRISMA: Preferred Reporting Items for Systematic 
Reviews and Meta-Analyses
VAS: Visual Analog Scale
IV: Intravenous
LOS: Length of Stay

ACKNOWLEDGMENT
None

CONFLICT OF INTEREST
None

AUTHORS’ CONTRIBUTIONS
All authors contributed equally as per ICMJE.

REFERENCES
1. Amsalu H, Zemedkun A, Regasa T, Adamu Y. 
Evidence-based guideline on prevention and man-
agement of shivering after spinal anesthesia in 
resource-limited settings. International Journal of 
General Medicine. 2022;15:6985. DOI: 10.2147/I-
JGM.S370439.
2. Munday J, Delaforce A, Heidke P, Rademakers S, 
Sturgess D, Williams J, Douglas C. Perioperative 
temperature monitoring for patient safety: A period 
prevalence study of five hospitals. International 
Journal of Nursing Studies. 2023 Jul 1;143:104508. 
DOI: 10.1016/j.ijnurstu.2023.104508
3. Şahin Akboğa Ö, Gürkan A. Effects of Active Heat-
ing Methods on Body Temperature, Shivering, 
Thermal Comfort, Pain, Nausea and Vomiting During 
General Anesthesia: A Randomized Controlled Trial. 

Therapeutic Hypothermia and Temperature Man-
agement. 2024 Dec 1;14(4):269-81. DOI: 
10.1089/ther.2023.0049.
4. Gaballah K, Abdallah S. Effects of oral premedi-
cation with tramadol, pregabalin or clonidine on 
shivering after spinal anaesthesia in patients under-
going hysteroscopic procedures. Anesthesiology 
Intensive Therapy. 2020;52(3):187-196. DOI: 
10.5114/ait.2020.97579.
5. Grimm KA. Perioperative thermoregulation and 
heat balance. Veterinary Anesthesia and Analge-
sia: The Sixth Edition of Lumb and Jones. 2024 Jun 
26:246-53. DOI: 10.1002/9781119830306.ch17
6. Cabañero D, Maldonado R. Synergism between 
oral paracetamol and nefopam in a murine model 
of postoperative pain. European Journal of Pain. 
2021 Sep;25(8):1770-87. DOI: 10.1002/ejp.1787.
7. Afifi E, Abouseeda M, Mohamed T. New 
Approach in Prevention of Shivering with Spinal 
Anesthesia. Benha Journal of Applied Sciences. 
2023 Nov 25;8(11):1-1. DOI: 10.21608/b-
jas.2023.242669.1269
8. Valecha D, Arora KK, Barasker SK. A double-blind-
ed randomized prospective trial of comparison 
between control and study group, nefopam versus 
tramadol on shivering scores after spinal anesthesia 
in patients undergoing Transurethral resection of 
prostate. Perioperative Care and Operating Room 
Management. 2024 Dec 1;37:100433. DOI: 
10.1016/j.pcorm.2024.100433
9. Zeb A, Khan ZU, Jan RU, Zeb A, Khan P, Khan SU. 
Prevalence of Post-Anaesthesia Shivering in Elective 
Spinal Surgery & Role of Tramadol in Its Control. 
Ophthalmology Update. 2021 Apr 1;19(2). DOI: not 
available
10. Renaningtyastutik Y, Lumadi SA, Handian FI. The 
relationship between operation duration and shiver-
ing in post-spinal anaesthesia patients. The Journal 
of Palembang Nursing Studies. 2022 Sep 
11;1(3):107-14. DOI: 10.55048/jpns.v1i3.29
11. Hamandi BA. Evaluation of the efficacy of 
tramadol in the prevention of post-spinal anaesthe-
sia shivering in caesarean deliveries. Journal of 
Cardiovascular Disease Research. 2023 Dec 23; 
15(2):1-1. DOI: not available
12. Abdulameer AN, Mohamad NA, Saleh LM. Using 
nefopam for the management of postoperative 
shivering. World Bulletin of Public Health. 2022 Oct 
26;15:102-8. DOI: not available
13. Eiamcharoenwit J, Chotisukarat H, Tainil K, 
Attanath N, Akavipat P. Analgesic efficacy of 
intravenous nefopam after spine surgery: a random-
ized, double-blind, placebo-controlled trial. 
F1000Research. 2020 Jun 4;9:516. DOI: 
10.12688/f1000research 22909.2. 
14. Shoyemi RO, Fatungase OM, Soyannwo OA, 
Olateju SO, Emmanuel EA, Thanni LO, Elegbe EO. 
Prevention of post-anaesthetic shivering under 
subarachnoid block for lower limb surgeries: A 
randomised controlled study comparing nefopam 

and tramadol. Research Journal of Health Sciences. 
2024 Aug 12;12(4):266-77. DOI:10.4314/rejhs.v12i4.3
15. Abd El Azeem EM, Abdel-Ghaffar ME, Al-Touny 
SA. Anti-shivering effect of intrathecal tramadol 
versus intravenous tramadol in patients received 
spinal anesthesia for lower limb surgery. A random-
ized controlled clinical trial. Egyptian Journal of 
Anaesthesia. 2023 Dec 31;39(1):50-5. DOI: 
10.1080/11101849.2023.2167300
16. Chalermkitpanit P, Limthongkul W, Yingsakmong-
kol W, Thepsoparn M, Pannangpetch P, Tangc-
hitcharoen N, Tanasansomboon T, Singhatanadgige 
W. Analgesic effect of intravenous nefopam for 
postoperative pain in minimally invasive spine 
surgery: a randomized prospective study. Asian 
Spine Journal. 2022 Oct;16(5):651. DOI: 
10.31616/asj.2021.0337.
17. Chalermkitpanit P, Yingsakmongkol W, 
Limthongkul W, Tanasansomboon T, Pannangpetch 
P, Tangchitcharoen N, Singhatanadgige W. Periop-
erative intravenous nefopam on pain management 
and ambulation after open spine surgery: A 
randomized double-blind controlled study. Asian 
Spine Journal. 2023 Aug;17(4):632. DOI: 
10.31616/asj.2022.0358.
18. Hwisa SA, Alnaeli GR, Ajaj AR, Faraj MM, 
Almghairbi DS, Alhuwayj KA, Mohammed LA. Com-
parative efficacy of intravenous tramadol and tradi-
tional blanket coverage in managing postoperative 
shivering among post-spinal anesthesia patients. 
Anaesthesia, Pain & Intensive Care. 2024 Oct 
8;28(5):922-6. DOI: 10.35975/apic.v28i5.2565
19. Muhammad AB, Ahmed N, Sharif M, Zafarullah 
YR. Effectiveness of Tramadol in Controlling Postan-
esthetic Shivering. PJMHS. 2021 Oct;15(10):3497-99. 
DOI: 10.53350/pjmhs2115103497
20. Lee S, Lee S, Kim H, Oh C, Park S, Kim Y, Hong B, 
Yoon S, Noh C, Ko Y. The analgesic efficacy of Nefo-
pam in patient-controlled analgesia after laparo-
scopic gynecologic surgery: a Randomized, 
Double-Blind, non-inferiority study. Journal of Clinical 
Medicine. 2021 Mar 3;10(5):1043. DOI: 10.3390/-
jcm10051043
21. Rana AR, Javed M, Rahman SH, Mehnaz G, Ali W, 
Bukhari S, Zulfiqar R. A study of degree and 
incidence of shivering in patients receiving post-op-
erative drugs like ketamine and tramadol. CJOHNS. 
2024 May;55(5):1481-89. DOI: not available
22. Kim YA, Kweon TD, Kim M, Lee HI, Lee YJ, Lee KY.
Comparison of meperidine and nefopam for 
prevention of shivering during spinal anesthesia. 
Korean Journal of Anesthesiology. 2013 Mar 
1;64(3):229-33. DOI: 10.4097/kjae.2013.64.3.229.
23. Raksakietisak M, Rushatamukayanunt P, Wilai-
wan K, Homprasert C, Nitising A, Sawasdiwipachai P, 
Pantubtim C. Postoperative analgesia of intraopera-
tive nefopam in patients undergoing anterior cervi-
cal spine surgery: A prospective randomized 
controlled trial. Medicine. 2022 Oct 
28;101(43):e31296. DOI: 

10.1097/MD.0000000000031296.
24. Nirala DK, Prakash J, Ram B, Kumar V, Bhattacha-
rya PK, Priye S. Randomized double-blinded com-
parative study of intravenous nalbuphine and 
tramadol for the treatment of postspinal anesthesia 
shivering. Anesthesia Essays and Research. 2020 Jul 
1;14(3):510-4. DOI: 10.4103/aer.AER_95_20.
25. Gemechu AD, Gebremedhin TD, Andebiku AA, 
Solomon F, Sorsa A. The effect of ketamine versus 
tramadol on prophylactic post-spinal shivering in 
those patients undergoing orthopedic surgery: a 
prospective cohort study design, 2020. BMC Anes-
thesiology. 2022 Nov 24;22(1):361. DOI: 
10.1186/s12871-022-01906-z.
26. Acharya S, Dangol S. Use of Oral Tramadol to 
Prevent Post-anaesthetic Shivering In Patients Under-
going Surgery under Spinal Anaesthesia. Nepal 
Medical College Journal. 2023 Jul 7;25(2):160-4. DOI: 
10.3126/nmcj.v25i2.56078
27. Bhatnagar S, Saxena A, Kannan TR, Punj J, 
Panigrahi M, Mishra S. Tramadol for postoperative 
shivering: a double-blind comparison with pethi-
dine. Anaesthesia and intensive care. 2001 
Apr;29(2):149-54. DOI: 10.1177/0310057X0102900209.
28. Gholinataj A, Baradari AG, Najafi S, Kiabi FH. 
Comparison of intravenous ketamine with intrathe-
cal meperidine in prevention of post-anesthetic 
shivering after spinal anesthesia for lower limb ortho-
pedic surgeries: A double-blind randomized clinical 
trial. Ethiopian Journal of Health Sciences. 2021 Nov 
1;31(6). DOI: 10.4314/ejhs.v31i6.16.
29. Singh R, Maurya PK, Arya N, Singh V, Singh V. A 
Comparative Study on the Management of Shiver-
ing During Spinal Anesthesia Using Clonidine, Butor-
phanol, and Tramadol. 2023; 14(6):2633-7. DOI: not 
available.
30. Zheng G, Zhang J, Liu J, Chen C, Zhang L, Cao F. 
A meta-analysis of randomized controlled trials: 
efficiency and safety of ondansetron in preventing 
post-anesthesia shivering during cesarean section. 
Archives of Gynecology and Obstetrics. 2023 
Jan;307(1):223-31. DOI: 10.1007/s00404-022-06523-2.
31. Lv M, Wang X, Qu W, Liu M, Wang Y. Nefopam for 
the prevention of perioperative shivering: a 
meta-analysis of randomized controlled trials. BMC 
Anesthesiology. 2015 Dec;15:1-0. DOI: 
10.1186/s12871-015-0068-y.
32. Wan JX, Li XC, Zeng SS, Li YQ, Wang FJ. Compari-
son of intravenous butorphanol vs. tramadol for 
post-spinal anesthesia shivering: a meta-analysis 
and systematic review. Frontiers in Medicine. 2023 
Dec 5;10:1271664. DOI: 10.3389/fmed.2023.1271664.
33. Yang F, Wang J, Cui J, Zhuan J, Hu X, Chen S. An 
overview of the implications for perianesthesia 
nurses in terms of intraoperative changes in 
temperature and factors associated with uninten-
tional postoperative hypothermia. Journal of Health-
care Engineering. 2022;2022(1):6955870. DOI: 
10.1155/2022/6955870.
34. Akboğa ÖŞ, Gürkan A. Effect of active warming 

during general anaesthesia on post-operative body 
temperature, shivering, thermal comfort, pain, 
nausea and vomiting in adult patients: a random-
ized clinical trial protocol. International Journal. 2021 
Oct;8(4):1. DOI: 10.18203/2349-3259.ijct20214111
35. Graff V, Gabutti L, Treglia G, Pascale M, Anselmi 
L, Cafarotti S, Regina DL, Mongelli F, Saporito A. 
Perioperative costs of local or regional anesthesia 
versus general anesthesia in the outpatient setting: a 
systematic review of recent literature. Brazilian 
Journal of Anesthesiology. 2023 Apr 21;73(3):316-39. 
DOI: 10.1016/j.bjane.2021.09.012.
36. Memtsoudis SG, Cozowicz C, Bekeris J, Bekere D, 
Liu J, Soffin EM, Mariano ER, Johnson RL, Go G, 
Hargett MJ, Lee BH. Peripheral nerve block anesthe-
sia/analgesia for patients undergoing primary hip 
and knee arthroplasty: recommendations from the 
International Consensus on Anesthesia-Related 
Outcomes after Surgery (ICAROS) group based on a 
systematic review and meta-analysis of current 
literature. Regional Anesthesia & Pain Medicine. 
2021 Nov 1;46(11):971-85. DOI: 
10.1136/rapm-2021-102750.

37. Hartl D, de Luca V, Kostikova A, Laramie J, 
Kennedy S, Ferrero E, Siegel R, Fink M, Ahmed S, 
Millholland J, Schuhmacher A. Translational preci-
sion medicine: an industry perspective. Journal of 
translational medicine. 2021 Jun 5;19(1):245. DOI: 
10.1186/s12967-021-02910-6.
38. Kim WM. From evidence-based medicine to 
patient-centered care. Korean Journal of Anesthesi-
ology. 2023 Jul 27;76(4):265-6. DOI: 10.4097/k-
ja.23543.
39. Lin S, Tan H, Zhao L, Zhu B, Ye T. The Role of Preci-
sion Anesthesia in High-risk Surgical Patients: A Com-
prehensive Review and Future Direction. Internation-
al Journal of Advance in Clinical Science Research. 
2024 Nov 26;3:97-107. DOI: not available
40. Hameed M, Ali NA, Ahsan K, Nazir M. Pharmaco-
logical interventions for the treatment and control of 
shivering in adult patients undergoing elective 
surgery under regional anaesthesia: a systematic 
review and meta-analysis. Turkish journal of anaes-
thesiology and reanimation. 2022 Aug;50(4):246. 
DOI: 10.5152/TJAR.2021.20008.

DOI: https://doi.org/10.36283/ziun-pjmd 14-2/066



490 PAKISTAN JOURNAL OF MEDICINE AND DENTISTRY 2025, VOL.14 (02)

DISCUSSION
Several studies showed that bioactive agents have 
a positive impact on the bond strength either in 
maintenance or in increasing the bond strength at 
different time intervals. The improvement in the 
studies was due to the remineralization potential of 
bioactive agents. The agents lead to the formation 
apatite layer at the adhesive interface, thus 
strengthening the bond and restoring life.  However, 
there are 4 studies 23, 25, 39, 48 in which a decrease in 
the bond strength is observed. 

The study has identified and critically appraised 36 
articles that evaluated the bond strength after 
incorporation of various bioactive agents. In 32 
studies (88.89%), the results observed were positive 
as the bond strength improved to some extent 16, 19, 

21, 26, 27, 29, 30, 36-38, 41-45 or bond strength value remained 
same for longer time as compared to control17, 18, 20, 22, 

24, 28, 31-35, 40, 46, 47, 49-51. Aging is another important factor 
that affects bond strength, as the bond strength 
value has decreased after 6 months or more. 

Various bioactive agents were used in these studies. 
The most common bioactive agent used was 
bioactive glass, either in pure form, commonly used 
silicate-based, phosphate-based, or ion-doped. The 
second common bioactive agents were 
Amorphous calcium phosphate and 
Hydroxyapatite, used in various forms and sizes. 
These agents, being closest to the tooth structure, 
had positive effects on bond strength. Other agents 
were halloysite, DMAHM, Cecropin and Iron oxide 
nanoparticles, PLA capsules, Chitosan, 
Phosphoproteins, Cross linkers PA/EGCG, FUDMA, 
Dicalcium Phosphate and MTA, Copper 
Nanoparticles, Calcium Silicate particles, POSS, 
Niobium Silicate, QAM-TEADDA, Titanium Oxide, 
Wollastonite, Simonkolleite, Zinc methacrylate and 
Zinc oxide nanoparticles that were incorporated in 
dentin bonding agent to observe changes in bond 
strength. 

The majority of the thirty-two studies (88.89%) had 
improved or stable bond strength for a longer time 
as compared to only four studies, 23, 25, 39, 48, which 
showed a decline in the bond strength. Most of the 

studies have evaluated micro-tensile bond strength
via different techniques with specific specimen 
dimensions, mostly using rods and beams of around 
1mm2. Remaining studies evaluated shear bond 
strength, which has no specific requirements for 
specimen preparation.  Besides this time has an 
important role in bond strength, which usually 
decreases with aging. Bond strength is evaluated at 
24 hours in all studies, in which few researchers have 
compared it with extended time intervals and 
different time points to evaluate time/aging effects 
on bond strength, which has decreased. 

The in-vitro studies were carried out using human 
molars, especially third molars extraction in most of 
the studies, with only a few studies carried out on 
bovine teeth. Distilled water was used as storage 
media in the majority of studies for evaluation of 
bond strength at different time points. SBF, DPBS, 
and Artificial Saliva were also used as storage 
medium in this test in other included studies. The two 
main bonding systems are etch and rinse and 
self-etch. The etch and rinse system shows better 
results than the self-etch system in terms of failure 
rates according to evidence55. These are important 
in the formation of the hybrid layer, which is 
responsible for the stable micro-mechanical bond 
at the resin-dentin interface. This is a key to 
increased restoration life.

Thus, the increase in bond strength observed in 32 
studies out of the included studies shows that the 
bioactive agents show better results than the 
control. Further studies and experiments to select 
and optimize a bioactive agent to be incorporated 
in dentin bonding agents for the enhancement of 
restoration life are required to produce a new 
modified dentin bonding agent that shows 
excellent results in characterization procedures.

LIST OF ABBREVIATIONS
UTM- Universal Testing Machine
SBS-Shear Bond Strength
MTBS-Micro Tensile Bond Strength
PRISMA-Preferred Reporting Items for Systematic 
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Comparison, and Outcome
PLA- Polylactide
PAC- Proanthocyanidin
HNT- Halloysite Aluminosilicate Nanotube
ACP- Amorphous Calcium Phosphate
CS- Calcium Silicates
NP- Nanoparticles
NBG- Niobium Phosphate Bioactive Glass
PAA- Polyacrylic acid 
TMP- Trimetaphosphate
HAp- Hydroxyapatite crystals
CPP-ACP- Casein Phosphopeptide-Amorphous 
Calcium Phosphate
NM- NovaMin
CES-nHAp- Chicken eggshell-derived nHAp
EGCG- Epigallocatechin-3-gallate
BAG- Bioactive Glass
DCPD- Dicalcium phosphate dihydrate
CuNp- Copper nanoparticles
PAA- Polyaspartic acid
CHX- Chlorhexidine
DMAHDM- Dimethylaminohexadecyl methacrylate
POSS-8- Polyhedral Oligomeric Silsesquioxanes
MPC-Methacryloyloxyethyl Phosphorylcholine
QAM- Quaternary ammonium monomer 
TEADDA- Triethylamine Dodecyl Acrylate
SKT- Simonkolleite
ZN-Mt- Zinc methacrylate
ZnOn- Zinc oxide nanoparticles
SBF- Simulated Body Fluid
DPBS- Dulbecco’s Phosphate Buffered Saline
DW- Distilled Water
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Kim et al., 2013 
(Korea)22 

65, 
Nefopam 

Nefopam does not 
induce sedation ~60 minutes Nefopam caused 

injection pain (15.6%) 

Nefopam was effective in 
shivering prevention with 
stable vitals. 

Raksakietisak et 
al., 2022 
(Thailand)23 

50, 
Nefopam 

No sedation 
reported 24 hours Hypertension was 

observed with nefopam 

Nefopam did not 
significantly reduce 
morphine consumption or 
pain. 

Nirala et al., 2020 
(India)24 

90, 
Tramadol 

Tramadol causes 
less sedation than 
nalbuphine 

30 minutes Tramadol caused more 
nausea and vomiting 

Tramadol effectively 
reduced post-spinal 
anesthesia shivering. 

Gemechu et al., 
2022 
(Ethiopia)25 

516, 
Tramadol 

Tramadol avoided 
excessive sedation 60 minutes 

Higher nausea and 
vomiting in the 
tramadol group 

Tramadol significantly 
reduced shivering. 

Acharya et al., 
2023 
(Nepal)26 

106, 
Oral tramadol 

Mild sedation in 
17.9% of patients 

1 hour (initial 
monitoring) 

No nausea, vomiting, or 
significant adverse 
events 

Oral tramadol effectively 
prevented post-anesthetic 
shivering. 

dizziness  
Nausea, vomiting, 60 minutes

Tramadol was more 
effective in reducing 
shivering.

Tramadol avoids 
sedation

100,
Tramadol

Rana et al., 2024 
(Pakistan)21

Parameter Nefopam Tramadol 

Mechanism of Action Non-opioid analgesic: inhibits reuptake of 
serotonin, norepinephrine, and dopamine. 

Weak -opioid receptor 
agonist inhibits serotonin and 
norepinephrine reuptake. 

Primary Use Postoperative pain and shivering 
prevention. 

Post-spinal anesthesia 
shivering and mild to 
moderate pain. 

Efficacy in Shivering 
Effective in preventing shivering but not 
significantly better than comparators like 
tramadol or opioids in some studies. 

More effective than several 
agents (e.g., nefopam, 
ketamine, saline) in reducing 
shivering incidence and 
severity. 

Sedation Quality Minimal sedation was reported in most 
studies. 

Mild to moderate sedation in 
some patients; causes less 
sedation than nalbuphine. 

Recovery Time Typically, within 24 hours to 2 days. 
Recovery time is typically 
faster, ranging from 30 
minutes to 1 hour. 

Adverse Events Nausea, vomiting, tachycardia, and 
hypertension (less frequent). 

Nausea, vomiting, dizziness; 
higher incidence of 
gastrointestinal effects. 

Onset of Action 
Slower onset compared to opioids; 
effectiveness enhanced with 
combinations. 

Rapid onset of action in 
shivering prevention; oral and 
IV forms are both effective. 

Formulations Intravenous (IV). 
Oral, intravenous (IV), and 
intrathecal options are 
available. 

Cost and Availability Relatively more expensive and less widely 
available. 

Cost-effective and widely 
available, including in low-
resource settings. 

Shivering Reduction Rates Approximately 90–95% effectiveness, 
depending on the study. 

Consistently high 
effectiveness, ~90–97%, 
depending on dose and 
method of administration. 

Table 2: Nefopam Vs Tramadol Efficacy 

As there was high heterogeneity in the included studies regarding design, outcome measures, and reporting 
format, a meta-analysis was not feasible. The findings were instead synthesized narratively. Table 1 presents 
key characteristics and findings of individual studies, and Table 2 shows the summary of the comparison 
between nefopam and tramadol regarding activity, safety, and onset of action. 

DISCUSSION
Nefopam and tramadol were assessed for their 
effectiveness in treating PSAS in this systematic 
review. Key differences in onset of action, recovery 
time, and adverse event profiles were seen for both 
agents. But both agents showed efficacy. Across 
multiple studies tramadol had a rapid onset and 

consistently high efficacy for reducing shivering 
incidences and severity by 90% to 97%. In contrast, 
the tolerability profile of nefopam was more favor-
able, especially in minimizing gastrointestinal side 
effects, though slightly less effective for reducing 
shivering in some cases.

The studies included in this review provided strong 
evidence from many clinical settings, thereby 
increasing the generalizability of findings. A large
sample size with over 500 patients supported trama-
dol’s efficacy, as mentioned in one study. Though 
smaller in scale, nefopam studies provided good 
ideas regarding safety and applicability, especially 
for patients with contraindications to opioids25.

As study designs were heterogeneous therefore 
direct comparison was not the best option. Varia-
tions in dosing regimens, outcome measurements, 
and patient populations made it difficult to draw 
definitive conclusions. Moreover, there was a lack of 
standardization in many studies to measure shivering 
severity, recovery times, and adverse events, 
hence, more uniform methodologies are needed in 
future studies.

Tramadol’s rapid onset and high efficacy were 
particularly well suited for the scenarios where 
immediate shivering control was required 27. Two 
studies highlighted its ability to resolve shivering 
within less than 30–60 minutes. Unlike nefopam, 
which took 24 hours or more to achieve full recovery 
in some patients, this might limit its usage in acute 
settings, but did not diminish its effectiveness in wider 
perioperative care 28.

The distinct mode of action of nefopam (non-opi-
oid, acting by serotonin, norepinephrine, and dopa-
mine reuptake inhibition) and tramadol (weak 
opioid agonist with similar reuptake inhibition 
effects) was self-explanatory for their diverse effects 
on shivering prevention and adverse events29. Nefo-
pam’s slower onset might seem like a limitation, but 
its consistent efficacy and milder side effects made 
it a suitable choice in patients who needed less 
urgent interventions. In longer recovery settings, 
nefopam reduced shivering severity effectively 
without significant sedation, making it a versatile 
option, as pointed out by one study 30.

In 5% to 11% of cases, the adverse event profile of 
tramadol primarily consisted of gastrointestinal 
disturbances, such as nausea and vomiting. Howev-
er, these effects were dose-dependent, and they 
could be prevented by prophylactic antiemetics. 
On the other hand, a more favorable profile was 
seen for nefopam, which had fewer gastrointestinal 
side effects, but some cases of tachycardia and 
hypertension were reported. One study’s finding 
indicated that nefopam was suitable for use in 
patients who had a risk of either gastrointestinal 
complications or opioid-related sedation31.

In the perioperative settings, recovery time and 
sedation profiles were important factors that affect-
ed patient turnover and satisfaction. Tramadol 
helped accelerate recovery, and it was generally 

reported that most patients resumed normal activity 
within 30 to 60 minutes of taking Tramadol 32. Its 
preference in resource-constrained or high turnover 
environments aligned with its ability to rapidly 
resolve symptoms. On the other hand, it might take 
nefopam up to 24h or more for recovery, which 
could be too long for instantaneous recovery in 
demanding situations. In addition, nefopam’s 
minimal sedative effect made nefopam quite useful 
to patients who should remain alert or prevent respi-
ratory depression. This was the quality that made 
nefopam the preferred agent, in settings where 
cognitive clarity was most important 33.

Choosing between nefopam and tramadol should 
be based on patient-specific factors such as comor-
bid illnesses, risk of adverse events, and resource 
availability. Tramadol was an affordable and acces-
sible medication in resource-limited settings. Howev-
er, Nefopam was costlier and had advantages in 
patients with contraindications to opioids or 
increased sensitivity to gastrointestinal effects. These 
findings were consistent with the general healthcare 
goals of providing cost-effective, patient-focused 
care 34.

Economic analyses of these agents demonstrated 
the necessity of weighing upfront costs with 
long-term consequences 35. While tramadol was 
cheaper, it was also more likely to cause higher rates 
of nausea and vomiting, which might require more 
treatments. On the other hand, nefopam’s higher 
cost was justified in patients where the reduced side 
effects resulted in short hospital stays or fewer 
interventions36.

When the rapidly increasing emphasis on precision 
medicine was considered, it became critical to 
develop management strategies for shivering 
tailored to the individual patient profile37. Agent 
selection must be guided by risk factors such as age, 
comorbidities and prior adverse reactions. Further-
more, patient preferences concerning sedation and 
recovery time should be integrated into clinical 
decisions to maximize adherence with treatment 
plans and increase satisfaction in patients38.

There was a need for more future studies that should 
compare nefopam and tramadol head-to-head, by 
employing standardized dosing regimens and 
outcome measures. Further studies to confirm 
findings and to address existing gaps in evidence 
should be randomized controlled trials with larger 
sample sizes. Moreover, combination therapies or 
novel agents might further improve the manage-
ment of PSAS39,40.

Stratification of patients based on risk factors such as 
comorbidities or severity of shivering should also be 
investigated to identify optimal agent selection. 

Longitudinal studies evaluating long-term outcomes 
such as quality of life and cost-effectiveness would 
be of significant value to clinical practitioners and 
policymakers. Furthermore, advances in pharma-
cogenomics could pinpoint patient-specific deter-
minants of response to nefopam and tramadol. 
These insights, when integrated into clinical prac-
tice, would promote more effective and personal-
ized PSAS management strategies.

CONCLUSION
Based on this systematic review, nefopam and 
tramadol appeared to be effective for established 
PSAS. Nefopam was a slightly safer option for 
patients who needed minimal sedation and a 
reduction in gastrointestinal side effects as com-
pared to tramadol, which had other advantages 
like rapid shivering control and cost effectiveness. 
Optimal perioperative care and choices of agents 
should be tailored according to individual patient 
needs and clinical context, with optimal outcomes. 
Future studies should integrate standardized proto-
cols with a direct comparison of tramadol and nefo-
pam for more definitive results.
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DISCUSSION
Several studies showed that bioactive agents have 
a positive impact on the bond strength either in 
maintenance or in increasing the bond strength at 
different time intervals. The improvement in the 
studies was due to the remineralization potential of 
bioactive agents. The agents lead to the formation 
apatite layer at the adhesive interface, thus 
strengthening the bond and restoring life.  However, 
there are 4 studies 23, 25, 39, 48 in which a decrease in 
the bond strength is observed. 

The study has identified and critically appraised 36 
articles that evaluated the bond strength after 
incorporation of various bioactive agents. In 32 
studies (88.89%), the results observed were positive 
as the bond strength improved to some extent 16, 19, 

21, 26, 27, 29, 30, 36-38, 41-45 or bond strength value remained 
same for longer time as compared to control17, 18, 20, 22, 

24, 28, 31-35, 40, 46, 47, 49-51. Aging is another important factor 
that affects bond strength, as the bond strength 
value has decreased after 6 months or more. 

Various bioactive agents were used in these studies. 
The most common bioactive agent used was 
bioactive glass, either in pure form, commonly used 
silicate-based, phosphate-based, or ion-doped. The 
second common bioactive agents were 
Amorphous calcium phosphate and 
Hydroxyapatite, used in various forms and sizes. 
These agents, being closest to the tooth structure, 
had positive effects on bond strength. Other agents 
were halloysite, DMAHM, Cecropin and Iron oxide 
nanoparticles, PLA capsules, Chitosan, 
Phosphoproteins, Cross linkers PA/EGCG, FUDMA, 
Dicalcium Phosphate and MTA, Copper 
Nanoparticles, Calcium Silicate particles, POSS, 
Niobium Silicate, QAM-TEADDA, Titanium Oxide, 
Wollastonite, Simonkolleite, Zinc methacrylate and 
Zinc oxide nanoparticles that were incorporated in 
dentin bonding agent to observe changes in bond 
strength. 

The majority of the thirty-two studies (88.89%) had 
improved or stable bond strength for a longer time 
as compared to only four studies, 23, 25, 39, 48, which 
showed a decline in the bond strength. Most of the 

studies have evaluated micro-tensile bond strength
via different techniques with specific specimen 
dimensions, mostly using rods and beams of around 
1mm2. Remaining studies evaluated shear bond 
strength, which has no specific requirements for 
specimen preparation.  Besides this time has an 
important role in bond strength, which usually 
decreases with aging. Bond strength is evaluated at 
24 hours in all studies, in which few researchers have 
compared it with extended time intervals and 
different time points to evaluate time/aging effects 
on bond strength, which has decreased. 

The in-vitro studies were carried out using human 
molars, especially third molars extraction in most of 
the studies, with only a few studies carried out on 
bovine teeth. Distilled water was used as storage 
media in the majority of studies for evaluation of 
bond strength at different time points. SBF, DPBS, 
and Artificial Saliva were also used as storage 
medium in this test in other included studies. The two 
main bonding systems are etch and rinse and 
self-etch. The etch and rinse system shows better 
results than the self-etch system in terms of failure 
rates according to evidence55. These are important 
in the formation of the hybrid layer, which is 
responsible for the stable micro-mechanical bond 
at the resin-dentin interface. This is a key to 
increased restoration life.

Thus, the increase in bond strength observed in 32 
studies out of the included studies shows that the 
bioactive agents show better results than the 
control. Further studies and experiments to select 
and optimize a bioactive agent to be incorporated 
in dentin bonding agents for the enhancement of 
restoration life are required to produce a new 
modified dentin bonding agent that shows 
excellent results in characterization procedures.

LIST OF ABBREVIATIONS
UTM- Universal Testing Machine
SBS-Shear Bond Strength
MTBS-Micro Tensile Bond Strength
PRISMA-Preferred Reporting Items for Systematic 
Reviews and Meta-Analyses 
PICO - Patient/Population, Intervention, 

Comparison, and Outcome
PLA- Polylactide
PAC- Proanthocyanidin
HNT- Halloysite Aluminosilicate Nanotube
ACP- Amorphous Calcium Phosphate
CS- Calcium Silicates
NP- Nanoparticles
NBG- Niobium Phosphate Bioactive Glass
PAA- Polyacrylic acid 
TMP- Trimetaphosphate
HAp- Hydroxyapatite crystals
CPP-ACP- Casein Phosphopeptide-Amorphous 
Calcium Phosphate
NM- NovaMin
CES-nHAp- Chicken eggshell-derived nHAp
EGCG- Epigallocatechin-3-gallate
BAG- Bioactive Glass
DCPD- Dicalcium phosphate dihydrate
CuNp- Copper nanoparticles
PAA- Polyaspartic acid
CHX- Chlorhexidine
DMAHDM- Dimethylaminohexadecyl methacrylate
POSS-8- Polyhedral Oligomeric Silsesquioxanes
MPC-Methacryloyloxyethyl Phosphorylcholine
QAM- Quaternary ammonium monomer 
TEADDA- Triethylamine Dodecyl Acrylate
SKT- Simonkolleite
ZN-Mt- Zinc methacrylate
ZnOn- Zinc oxide nanoparticles
SBF- Simulated Body Fluid
DPBS- Dulbecco’s Phosphate Buffered Saline
DW- Distilled Water
RT- Room Temperature
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“+” indicates a low risk of bias (adequate methodology), “±” indicates an unclear risk of bias (some concerns), and “-” (if needed) 

indicates a high risk of bias (serious concerns). 

Table 3: Risk of Bias Assessment using Cochrane Risk of Bias Tool for RCTs 

Table 4: Risk of Bias Assessment using Newcastle Ottawa for Remaining Studies 

Quality and risk of bias were assessed for included studies using the Cochrane Risk of Bias tool for RCTs and 
the Newcastle-Ottawa Scale for observational studies. All studies had low to moderate risk of bias, but few 
had limitations regarding unclear randomization and incomplete outcome data. The risk of bias is presented 
in Tables 3 and 4. The number of studies included in the review was not sufficient to assess publication bias 
properly using statistical methods such as funnel plots. 

DISCUSSION
Nefopam and tramadol were assessed for their 
effectiveness in treating PSAS in this systematic 
review. Key differences in onset of action, recovery 
time, and adverse event profiles were seen for both 
agents. But both agents showed efficacy. Across 
multiple studies tramadol had a rapid onset and 

consistently high efficacy for reducing shivering 
incidences and severity by 90% to 97%. In contrast, 
the tolerability profile of nefopam was more favor-
able, especially in minimizing gastrointestinal side 
effects, though slightly less effective for reducing 
shivering in some cases.

The studies included in this review provided strong 
evidence from many clinical settings, thereby 
increasing the generalizability of findings. A large
sample size with over 500 patients supported trama-
dol’s efficacy, as mentioned in one study. Though 
smaller in scale, nefopam studies provided good 
ideas regarding safety and applicability, especially 
for patients with contraindications to opioids25.

As study designs were heterogeneous therefore 
direct comparison was not the best option. Varia-
tions in dosing regimens, outcome measurements, 
and patient populations made it difficult to draw 
definitive conclusions. Moreover, there was a lack of 
standardization in many studies to measure shivering 
severity, recovery times, and adverse events, 
hence, more uniform methodologies are needed in 
future studies.

Tramadol’s rapid onset and high efficacy were 
particularly well suited for the scenarios where 
immediate shivering control was required 27. Two 
studies highlighted its ability to resolve shivering 
within less than 30–60 minutes. Unlike nefopam, 
which took 24 hours or more to achieve full recovery 
in some patients, this might limit its usage in acute 
settings, but did not diminish its effectiveness in wider 
perioperative care 28.

The distinct mode of action of nefopam (non-opi-
oid, acting by serotonin, norepinephrine, and dopa-
mine reuptake inhibition) and tramadol (weak 
opioid agonist with similar reuptake inhibition 
effects) was self-explanatory for their diverse effects 
on shivering prevention and adverse events29. Nefo-
pam’s slower onset might seem like a limitation, but 
its consistent efficacy and milder side effects made 
it a suitable choice in patients who needed less 
urgent interventions. In longer recovery settings, 
nefopam reduced shivering severity effectively 
without significant sedation, making it a versatile 
option, as pointed out by one study 30.

In 5% to 11% of cases, the adverse event profile of 
tramadol primarily consisted of gastrointestinal 
disturbances, such as nausea and vomiting. Howev-
er, these effects were dose-dependent, and they 
could be prevented by prophylactic antiemetics. 
On the other hand, a more favorable profile was 
seen for nefopam, which had fewer gastrointestinal 
side effects, but some cases of tachycardia and 
hypertension were reported. One study’s finding 
indicated that nefopam was suitable for use in 
patients who had a risk of either gastrointestinal 
complications or opioid-related sedation31.

In the perioperative settings, recovery time and 
sedation profiles were important factors that affect-
ed patient turnover and satisfaction. Tramadol 
helped accelerate recovery, and it was generally 

reported that most patients resumed normal activity 
within 30 to 60 minutes of taking Tramadol 32. Its 
preference in resource-constrained or high turnover 
environments aligned with its ability to rapidly 
resolve symptoms. On the other hand, it might take 
nefopam up to 24h or more for recovery, which 
could be too long for instantaneous recovery in 
demanding situations. In addition, nefopam’s 
minimal sedative effect made nefopam quite useful 
to patients who should remain alert or prevent respi-
ratory depression. This was the quality that made 
nefopam the preferred agent, in settings where 
cognitive clarity was most important 33.

Choosing between nefopam and tramadol should 
be based on patient-specific factors such as comor-
bid illnesses, risk of adverse events, and resource 
availability. Tramadol was an affordable and acces-
sible medication in resource-limited settings. Howev-
er, Nefopam was costlier and had advantages in 
patients with contraindications to opioids or 
increased sensitivity to gastrointestinal effects. These 
findings were consistent with the general healthcare 
goals of providing cost-effective, patient-focused 
care 34.

Economic analyses of these agents demonstrated 
the necessity of weighing upfront costs with 
long-term consequences 35. While tramadol was 
cheaper, it was also more likely to cause higher rates 
of nausea and vomiting, which might require more 
treatments. On the other hand, nefopam’s higher 
cost was justified in patients where the reduced side 
effects resulted in short hospital stays or fewer 
interventions36.

When the rapidly increasing emphasis on precision 
medicine was considered, it became critical to 
develop management strategies for shivering 
tailored to the individual patient profile37. Agent 
selection must be guided by risk factors such as age, 
comorbidities and prior adverse reactions. Further-
more, patient preferences concerning sedation and 
recovery time should be integrated into clinical 
decisions to maximize adherence with treatment 
plans and increase satisfaction in patients38.

There was a need for more future studies that should 
compare nefopam and tramadol head-to-head, by 
employing standardized dosing regimens and 
outcome measures. Further studies to confirm 
findings and to address existing gaps in evidence 
should be randomized controlled trials with larger 
sample sizes. Moreover, combination therapies or 
novel agents might further improve the manage-
ment of PSAS39,40.

Stratification of patients based on risk factors such as 
comorbidities or severity of shivering should also be 
investigated to identify optimal agent selection. 

Longitudinal studies evaluating long-term outcomes 
such as quality of life and cost-effectiveness would 
be of significant value to clinical practitioners and 
policymakers. Furthermore, advances in pharma-
cogenomics could pinpoint patient-specific deter-
minants of response to nefopam and tramadol. 
These insights, when integrated into clinical prac-
tice, would promote more effective and personal-
ized PSAS management strategies.

CONCLUSION
Based on this systematic review, nefopam and 
tramadol appeared to be effective for established 
PSAS. Nefopam was a slightly safer option for 
patients who needed minimal sedation and a 
reduction in gastrointestinal side effects as com-
pared to tramadol, which had other advantages 
like rapid shivering control and cost effectiveness. 
Optimal perioperative care and choices of agents 
should be tailored according to individual patient 
needs and clinical context, with optimal outcomes. 
Future studies should integrate standardized proto-
cols with a direct comparison of tramadol and nefo-
pam for more definitive results.
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DISCUSSION
Several studies showed that bioactive agents have 
a positive impact on the bond strength either in 
maintenance or in increasing the bond strength at 
different time intervals. The improvement in the 
studies was due to the remineralization potential of 
bioactive agents. The agents lead to the formation 
apatite layer at the adhesive interface, thus 
strengthening the bond and restoring life.  However, 
there are 4 studies 23, 25, 39, 48 in which a decrease in 
the bond strength is observed. 

The study has identified and critically appraised 36 
articles that evaluated the bond strength after 
incorporation of various bioactive agents. In 32 
studies (88.89%), the results observed were positive 
as the bond strength improved to some extent 16, 19, 

21, 26, 27, 29, 30, 36-38, 41-45 or bond strength value remained 
same for longer time as compared to control17, 18, 20, 22, 

24, 28, 31-35, 40, 46, 47, 49-51. Aging is another important factor 
that affects bond strength, as the bond strength 
value has decreased after 6 months or more. 

Various bioactive agents were used in these studies. 
The most common bioactive agent used was 
bioactive glass, either in pure form, commonly used 
silicate-based, phosphate-based, or ion-doped. The 
second common bioactive agents were 
Amorphous calcium phosphate and 
Hydroxyapatite, used in various forms and sizes. 
These agents, being closest to the tooth structure, 
had positive effects on bond strength. Other agents 
were halloysite, DMAHM, Cecropin and Iron oxide 
nanoparticles, PLA capsules, Chitosan, 
Phosphoproteins, Cross linkers PA/EGCG, FUDMA, 
Dicalcium Phosphate and MTA, Copper 
Nanoparticles, Calcium Silicate particles, POSS, 
Niobium Silicate, QAM-TEADDA, Titanium Oxide, 
Wollastonite, Simonkolleite, Zinc methacrylate and 
Zinc oxide nanoparticles that were incorporated in 
dentin bonding agent to observe changes in bond 
strength. 

The majority of the thirty-two studies (88.89%) had 
improved or stable bond strength for a longer time 
as compared to only four studies, 23, 25, 39, 48, which 
showed a decline in the bond strength. Most of the 

studies have evaluated micro-tensile bond strength
via different techniques with specific specimen 
dimensions, mostly using rods and beams of around 
1mm2. Remaining studies evaluated shear bond 
strength, which has no specific requirements for 
specimen preparation.  Besides this time has an 
important role in bond strength, which usually 
decreases with aging. Bond strength is evaluated at 
24 hours in all studies, in which few researchers have 
compared it with extended time intervals and 
different time points to evaluate time/aging effects 
on bond strength, which has decreased. 

The in-vitro studies were carried out using human 
molars, especially third molars extraction in most of 
the studies, with only a few studies carried out on 
bovine teeth. Distilled water was used as storage 
media in the majority of studies for evaluation of 
bond strength at different time points. SBF, DPBS, 
and Artificial Saliva were also used as storage 
medium in this test in other included studies. The two 
main bonding systems are etch and rinse and 
self-etch. The etch and rinse system shows better 
results than the self-etch system in terms of failure 
rates according to evidence55. These are important 
in the formation of the hybrid layer, which is 
responsible for the stable micro-mechanical bond 
at the resin-dentin interface. This is a key to 
increased restoration life.

Thus, the increase in bond strength observed in 32 
studies out of the included studies shows that the 
bioactive agents show better results than the 
control. Further studies and experiments to select 
and optimize a bioactive agent to be incorporated 
in dentin bonding agents for the enhancement of 
restoration life are required to produce a new 
modified dentin bonding agent that shows 
excellent results in characterization procedures.
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NP- Nanoparticles
NBG- Niobium Phosphate Bioactive Glass
PAA- Polyacrylic acid 
TMP- Trimetaphosphate
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POSS-8- Polyhedral Oligomeric Silsesquioxanes
MPC-Methacryloyloxyethyl Phosphorylcholine
QAM- Quaternary ammonium monomer 
TEADDA- Triethylamine Dodecyl Acrylate
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DISCUSSION
Nefopam and tramadol were assessed for their 
effectiveness in treating PSAS in this systematic 
review. Key differences in onset of action, recovery 
time, and adverse event profiles were seen for both 
agents. But both agents showed efficacy. Across 
multiple studies tramadol had a rapid onset and 

consistently high efficacy for reducing shivering 
incidences and severity by 90% to 97%. In contrast, 
the tolerability profile of nefopam was more favor-
able, especially in minimizing gastrointestinal side 
effects, though slightly less effective for reducing 
shivering in some cases.

The studies included in this review provided strong 
evidence from many clinical settings, thereby 
increasing the generalizability of findings. A large 
sample size with over 500 patients supported trama-
dol’s efficacy, as mentioned in one study. Though 
smaller in scale, nefopam studies provided good 
ideas regarding safety and applicability, especially 
for patients with contraindications to opioids25.

As study designs were heterogeneous therefore 
direct comparison was not the best option. Varia-
tions in dosing regimens, outcome measurements, 
and patient populations made it difficult to draw 
definitive conclusions. Moreover, there was a lack of 
standardization in many studies to measure shivering 
severity, recovery times, and adverse events, 
hence, more uniform methodologies are needed in 
future studies.

Tramadol’s rapid onset and high efficacy were 
particularly well suited for the scenarios where 
immediate shivering control was required26, 27. 
Two studies highlighted its ability to resolve 
shivering within less than 30–60 minutes. Unlike 
nefopam, which took 24 hours or more to achieve 
full recovery in some patients, this might limit its 
usage in acute settings, but did not diminish its 
effectiveness in wider perioperative care 28.

The distinct mode of action of nefopam (non-opi-
oid, acting by serotonin, norepinephrine, and dopa-
mine reuptake inhibition) and tramadol (weak 
opioid agonist with similar reuptake inhibition 
effects) was self-explanatory for their diverse effects 
on shivering prevention and adverse events29. Nefo-
pam’s slower onset might seem like a limitation, but 
its consistent efficacy and milder side effects made 
it a suitable choice in patients who needed less 
urgent interventions. In longer recovery settings, 
nefopam reduced shivering severity effectively 
without significant sedation, making it a versatile 
option, as pointed out by one study 30.

In 5% to 11% of cases, the adverse event profile of 
tramadol primarily consisted of gastrointestinal 
disturbances, such as nausea and vomiting. Howev-
er, these effects were dose-dependent, and they 
could be prevented by prophylactic antiemetics. 
On the other hand, a more favorable profile was 
seen for nefopam, which had fewer gastrointestinal 
side effects, but some cases of tachycardia and 
hypertension were reported. One study’s finding 
indicated that nefopam was suitable for use in 
patients who had a risk of either gastrointestinal 
complications or opioid-related sedation31.

In the perioperative settings, recovery time and 
sedation profiles were important factors that affect-
ed patient turnover and satisfaction. Tramadol 
helped accelerate recovery, and it was generally 

reported that most patients resumed normal activity 
within 30 to 60 minutes of taking Tramadol 32. Its 
preference in resource-constrained or high turnover 
environments aligned with its ability to rapidly 
resolve symptoms. On the other hand, it might take 
nefopam up to 24h or more for recovery, which 
could be too long for instantaneous recovery in 
demanding situations. In addition, nefopam’s 
minimal sedative effect made nefopam quite useful 
to patients who should remain alert or prevent respi-
ratory depression. This was the quality that made 
nefopam the preferred agent, in settings where 
cognitive clarity was most important 33.

Choosing between nefopam and tramadol should 
be based on patient-specific factors such as comor-
bid illnesses, risk of adverse events, and resource 
availability. Tramadol was an affordable and acces-
sible medication in resource-limited settings. Howev-
er, Nefopam was costlier and had advantages in 
patients with contraindications to opioids or 
increased sensitivity to gastrointestinal effects. These 
findings were consistent with the general healthcare 
goals of providing cost-effective, patient-focused 
care 34.

Economic analyses of these agents demonstrated 
the necessity of weighing upfront costs with 
long-term consequences 35. While tramadol was 
cheaper, it was also more likely to cause higher rates 
of nausea and vomiting, which might require more 
treatments. On the other hand, nefopam’s higher 
cost was justified in patients where the reduced side 
effects resulted in short hospital stays or fewer 
interventions36.

When the rapidly increasing emphasis on precision 
medicine was considered, it became critical to 
develop management strategies for shivering 
tailored to the individual patient profile37. Agent 
selection must be guided by risk factors such as age, 
comorbidities and prior adverse reactions. Further-
more, patient preferences concerning sedation and 
recovery time should be integrated into clinical 
decisions to maximize adherence with treatment 
plans and increase satisfaction in patients38.

There was a need for more future studies that should 
compare nefopam and tramadol head-to-head, by 
employing standardized dosing regimens and 
outcome measures. Further studies to confirm 
findings and to address existing gaps in evidence 
should be randomized controlled trials with larger 
sample sizes. Moreover, combination therapies or 
novel agents might further improve the manage-
ment of PSAS39,40.

Stratification of patients based on risk factors such as 
comorbidities or severity of shivering should also be 
investigated to identify optimal agent selection. 

Longitudinal studies evaluating long-term outcomes 
such as quality of life and cost-effectiveness would 
be of significant value to clinical practitioners and 
policymakers. Furthermore, advances in pharma-
cogenomics could pinpoint patient-specific deter-
minants of response to nefopam and tramadol. 
These insights, when integrated into clinical prac-
tice, would promote more effective and personal-
ized PSAS management strategies.

CONCLUSION
Based on this systematic review, nefopam and 
tramadol appeared to be effective for established 
PSAS. Nefopam was a slightly safer option for 
patients who needed minimal sedation and a 
reduction in gastrointestinal side effects as com-
pared to tramadol, which had other advantages 
like rapid shivering control and cost effectiveness. 
Optimal perioperative care and choices of agents 
should be tailored according to individual patient 
needs and clinical context, with optimal outcomes. 
Future studies should integrate standardized proto-
cols with a direct comparison of tramadol and nefo-
pam for more definitive results.
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DISCUSSION
Several studies showed that bioactive agents have 
a positive impact on the bond strength either in 
maintenance or in increasing the bond strength at 
different time intervals. The improvement in the 
studies was due to the remineralization potential of 
bioactive agents. The agents lead to the formation 
apatite layer at the adhesive interface, thus 
strengthening the bond and restoring life.  However, 
there are 4 studies 23, 25, 39, 48 in which a decrease in 
the bond strength is observed. 

The study has identified and critically appraised 36 
articles that evaluated the bond strength after 
incorporation of various bioactive agents. In 32 
studies (88.89%), the results observed were positive 
as the bond strength improved to some extent 16, 19, 

21, 26, 27, 29, 30, 36-38, 41-45 or bond strength value remained 
same for longer time as compared to control17, 18, 20, 22, 

24, 28, 31-35, 40, 46, 47, 49-51. Aging is another important factor 
that affects bond strength, as the bond strength 
value has decreased after 6 months or more. 

Various bioactive agents were used in these studies. 
The most common bioactive agent used was 
bioactive glass, either in pure form, commonly used 
silicate-based, phosphate-based, or ion-doped. The 
second common bioactive agents were 
Amorphous calcium phosphate and 
Hydroxyapatite, used in various forms and sizes. 
These agents, being closest to the tooth structure, 
had positive effects on bond strength. Other agents 
were halloysite, DMAHM, Cecropin and Iron oxide 
nanoparticles, PLA capsules, Chitosan, 
Phosphoproteins, Cross linkers PA/EGCG, FUDMA, 
Dicalcium Phosphate and MTA, Copper 
Nanoparticles, Calcium Silicate particles, POSS, 
Niobium Silicate, QAM-TEADDA, Titanium Oxide, 
Wollastonite, Simonkolleite, Zinc methacrylate and 
Zinc oxide nanoparticles that were incorporated in 
dentin bonding agent to observe changes in bond 
strength. 

The majority of the thirty-two studies (88.89%) had 
improved or stable bond strength for a longer time 
as compared to only four studies, 23, 25, 39, 48, which 
showed a decline in the bond strength. Most of the 

studies have evaluated micro-tensile bond strength 
via different techniques with specific specimen 
dimensions, mostly using rods and beams of around 
1mm2. Remaining studies evaluated shear bond 
strength, which has no specific requirements for 
specimen preparation.  Besides this time has an 
important role in bond strength, which usually 
decreases with aging. Bond strength is evaluated at 
24 hours in all studies, in which few researchers have 
compared it with extended time intervals and 
different time points to evaluate time/aging effects 
on bond strength, which has decreased. 

The in-vitro studies were carried out using human 
molars, especially third molars extraction in most of 
the studies, with only a few studies carried out on 
bovine teeth. Distilled water was used as storage 
media in the majority of studies for evaluation of 
bond strength at different time points. SBF, DPBS, 
and Artificial Saliva were also used as storage 
medium in this test in other included studies. The two 
main bonding systems are etch and rinse and 
self-etch. The etch and rinse system shows better 
results than the self-etch system in terms of failure 
rates according to evidence55. These are important 
in the formation of the hybrid layer, which is 
responsible for the stable micro-mechanical bond 
at the resin-dentin interface. This is a key to 
increased restoration life.

Thus, the increase in bond strength observed in 32 
studies out of the included studies shows that the 
bioactive agents show better results than the 
control. Further studies and experiments to select 
and optimize a bioactive agent to be incorporated 
in dentin bonding agents for the enhancement of 
restoration life are required to produce a new 
modified dentin bonding agent that shows 
excellent results in characterization procedures.
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DISCUSSION
Nefopam and tramadol were assessed for their 
effectiveness in treating PSAS in this systematic 
review. Key differences in onset of action, recovery 
time, and adverse event profiles were seen for both 
agents. But both agents showed efficacy. Across 
multiple studies tramadol had a rapid onset and 

consistently high efficacy for reducing shivering 
incidences and severity by 90% to 97%. In contrast, 
the tolerability profile of nefopam was more favor-
able, especially in minimizing gastrointestinal side 
effects, though slightly less effective for reducing 
shivering in some cases.

The studies included in this review provided strong 
evidence from many clinical settings, thereby 
increasing the generalizability of findings. A large 
sample size with over 500 patients supported trama-
dol’s efficacy, as mentioned in one study. Though 
smaller in scale, nefopam studies provided good 
ideas regarding safety and applicability, especially 
for patients with contraindications to opioids25.

As study designs were heterogeneous therefore 
direct comparison was not the best option. Varia-
tions in dosing regimens, outcome measurements, 
and patient populations made it difficult to draw 
definitive conclusions. Moreover, there was a lack of 
standardization in many studies to measure shivering 
severity, recovery times, and adverse events, 
hence, more uniform methodologies are needed in 
future studies.

Tramadol’s rapid onset and high efficacy were 
particularly well suited for the scenarios where 
immediate shivering control was required 27. Two 
studies highlighted its ability to resolve shivering 
within less than 30–60 minutes. Unlike nefopam, 
which took 24 hours or more to achieve full recovery 
in some patients, this might limit its usage in acute 
settings, but did not diminish its effectiveness in wider 
perioperative care 28.

The distinct mode of action of nefopam (non-opi-
oid, acting by serotonin, norepinephrine, and dopa-
mine reuptake inhibition) and tramadol (weak 
opioid agonist with similar reuptake inhibition 
effects) was self-explanatory for their diverse effects 
on shivering prevention and adverse events29. Nefo-
pam’s slower onset might seem like a limitation, but 
its consistent efficacy and milder side effects made 
it a suitable choice in patients who needed less 
urgent interventions. In longer recovery settings, 
nefopam reduced shivering severity effectively 
without significant sedation, making it a versatile 
option, as pointed out by one study 30.

In 5% to 11% of cases, the adverse event profile of 
tramadol primarily consisted of gastrointestinal 
disturbances, such as nausea and vomiting. Howev-
er, these effects were dose-dependent, and they 
could be prevented by prophylactic antiemetics. 
On the other hand, a more favorable profile was 
seen for nefopam, which had fewer gastrointestinal 
side effects, but some cases of tachycardia and 
hypertension were reported. One study’s finding 
indicated that nefopam was suitable for use in 
patients who had a risk of either gastrointestinal 
complications or opioid-related sedation31.

In the perioperative settings, recovery time and 
sedation profiles were important factors that affect-
ed patient turnover and satisfaction. Tramadol 
helped accelerate recovery, and it was generally 

reported that most patients resumed normal activity 
within 30 to 60 minutes of taking Tramadol 32. Its 
preference in resource-constrained or high turnover 
environments aligned with its ability to rapidly 
resolve symptoms. On the other hand, it might take 
nefopam up to 24h or more for recovery, which 
could be too long for instantaneous recovery in 
demanding situations. In addition, nefopam’s 
minimal sedative effect made nefopam quite useful 
to patients who should remain alert or prevent respi-
ratory depression. This was the quality that made 
nefopam the preferred agent, in settings where 
cognitive clarity was most important 33.

Choosing between nefopam and tramadol should 
be based on patient-specific factors such as comor-
bid illnesses, risk of adverse events, and resource 
availability. Tramadol was an affordable and acces-
sible medication in resource-limited settings. Howev-
er, Nefopam was costlier and had advantages in 
patients with contraindications to opioids or 
increased sensitivity to gastrointestinal effects. These 
findings were consistent with the general healthcare 
goals of providing cost-effective, patient-focused 
care 34.

Economic analyses of these agents demonstrated 
the necessity of weighing upfront costs with 
long-term consequences 35. While tramadol was 
cheaper, it was also more likely to cause higher rates 
of nausea and vomiting, which might require more 
treatments. On the other hand, nefopam’s higher 
cost was justified in patients where the reduced side 
effects resulted in short hospital stays or fewer 
interventions36.

When the rapidly increasing emphasis on precision 
medicine was considered, it became critical to 
develop management strategies for shivering 
tailored to the individual patient profile37. Agent 
selection must be guided by risk factors such as age, 
comorbidities and prior adverse reactions. Further-
more, patient preferences concerning sedation and 
recovery time should be integrated into clinical 
decisions to maximize adherence with treatment 
plans and increase satisfaction in patients38.

There was a need for more future studies that should 
compare nefopam and tramadol head-to-head, by 
employing standardized dosing regimens and 
outcome measures. Further studies to confirm 
findings and to address existing gaps in evidence 
should be randomized controlled trials with larger 
sample sizes. Moreover, combination therapies or 
novel agents might further improve the manage-
ment of PSAS39,40.

Stratification of patients based on risk factors such as 
comorbidities or severity of shivering should also be 
investigated to identify optimal agent selection. 

Longitudinal studies evaluating long-term outcomes 
such as quality of life and cost-effectiveness would 
be of significant value to clinical practitioners and 
policymakers. Furthermore, advances in pharma-
cogenomics could pinpoint patient-specific deter-
minants of response to nefopam and tramadol. 
These insights, when integrated into clinical prac-
tice, would promote more effective and personal-
ized PSAS management strategies.

CONCLUSION
Based on this systematic review, nefopam and 
tramadol appeared to be effective for established 
PSAS. Nefopam was a slightly safer option for 
patients who needed minimal sedation and a 
reduction in gastrointestinal side effects as com-
pared to tramadol, which had other advantages 
like rapid shivering control and cost effectiveness. 
Optimal perioperative care and choices of agents 
should be tailored according to individual patient 
needs and clinical context, with optimal outcomes. 
Future studies should integrate standardized proto-
cols with a direct comparison of tramadol and nefo-
pam for more definitive results.
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DISCUSSION
Nefopam and tramadol were assessed for their 
effectiveness in treating PSAS in this systematic 
review. Key differences in onset of action, recovery 
time, and adverse event profiles were seen for both 
agents. But both agents showed efficacy. Across 
multiple studies tramadol had a rapid onset and 

consistently high efficacy for reducing shivering 
incidences and severity by 90% to 97%. In contrast, 
the tolerability profile of nefopam was more favor-
able, especially in minimizing gastrointestinal side 
effects, though slightly less effective for reducing 
shivering in some cases.

The studies included in this review provided strong 
evidence from many clinical settings, thereby 
increasing the generalizability of findings. A large 
sample size with over 500 patients supported trama-
dol’s efficacy, as mentioned in one study. Though 
smaller in scale, nefopam studies provided good 
ideas regarding safety and applicability, especially 
for patients with contraindications to opioids25.

As study designs were heterogeneous therefore 
direct comparison was not the best option. Varia-
tions in dosing regimens, outcome measurements, 
and patient populations made it difficult to draw 
definitive conclusions. Moreover, there was a lack of 
standardization in many studies to measure shivering 
severity, recovery times, and adverse events, 
hence, more uniform methodologies are needed in 
future studies.

Tramadol’s rapid onset and high efficacy were 
particularly well suited for the scenarios where 
immediate shivering control was required 27. Two 
studies highlighted its ability to resolve shivering 
within less than 30–60 minutes. Unlike nefopam, 
which took 24 hours or more to achieve full recovery 
in some patients, this might limit its usage in acute 
settings, but did not diminish its effectiveness in wider 
perioperative care 28.

The distinct mode of action of nefopam (non-opi-
oid, acting by serotonin, norepinephrine, and dopa-
mine reuptake inhibition) and tramadol (weak 
opioid agonist with similar reuptake inhibition 
effects) was self-explanatory for their diverse effects 
on shivering prevention and adverse events29. Nefo-
pam’s slower onset might seem like a limitation, but 
its consistent efficacy and milder side effects made 
it a suitable choice in patients who needed less 
urgent interventions. In longer recovery settings, 
nefopam reduced shivering severity effectively 
without significant sedation, making it a versatile 
option, as pointed out by one study 30.

In 5% to 11% of cases, the adverse event profile of 
tramadol primarily consisted of gastrointestinal 
disturbances, such as nausea and vomiting. Howev-
er, these effects were dose-dependent, and they 
could be prevented by prophylactic antiemetics. 
On the other hand, a more favorable profile was 
seen for nefopam, which had fewer gastrointestinal 
side effects, but some cases of tachycardia and 
hypertension were reported. One study’s finding 
indicated that nefopam was suitable for use in 
patients who had a risk of either gastrointestinal 
complications or opioid-related sedation31.

In the perioperative settings, recovery time and 
sedation profiles were important factors that affect-
ed patient turnover and satisfaction. Tramadol 
helped accelerate recovery, and it was generally 

reported that most patients resumed normal activity 
within 30 to 60 minutes of taking Tramadol 32. Its 
preference in resource-constrained or high turnover 
environments aligned with its ability to rapidly 
resolve symptoms. On the other hand, it might take 
nefopam up to 24h or more for recovery, which 
could be too long for instantaneous recovery in 
demanding situations. In addition, nefopam’s 
minimal sedative effect made nefopam quite useful 
to patients who should remain alert or prevent respi-
ratory depression. This was the quality that made 
nefopam the preferred agent, in settings where 
cognitive clarity was most important 33.

Choosing between nefopam and tramadol should 
be based on patient-specific factors such as comor-
bid illnesses, risk of adverse events, and resource 
availability. Tramadol was an affordable and acces-
sible medication in resource-limited settings. Howev-
er, Nefopam was costlier and had advantages in 
patients with contraindications to opioids or 
increased sensitivity to gastrointestinal effects. These 
findings were consistent with the general healthcare 
goals of providing cost-effective, patient-focused 
care 34.

Economic analyses of these agents demonstrated 
the necessity of weighing upfront costs with 
long-term consequences 35. While tramadol was 
cheaper, it was also more likely to cause higher rates 
of nausea and vomiting, which might require more 
treatments. On the other hand, nefopam’s higher 
cost was justified in patients where the reduced side 
effects resulted in short hospital stays or fewer 
interventions36.

When the rapidly increasing emphasis on precision 
medicine was considered, it became critical to 
develop management strategies for shivering 
tailored to the individual patient profile37. Agent 
selection must be guided by risk factors such as age, 
comorbidities and prior adverse reactions. Further-
more, patient preferences concerning sedation and 
recovery time should be integrated into clinical 
decisions to maximize adherence with treatment 
plans and increase satisfaction in patients38.

There was a need for more future studies that should 
compare nefopam and tramadol head-to-head, by 
employing standardized dosing regimens and 
outcome measures. Further studies to confirm 
findings and to address existing gaps in evidence 
should be randomized controlled trials with larger 
sample sizes. Moreover, combination therapies or 
novel agents might further improve the manage-
ment of PSAS39,40.

Stratification of patients based on risk factors such as 
comorbidities or severity of shivering should also be 
investigated to identify optimal agent selection. 

Longitudinal studies evaluating long-term outcomes 
such as quality of life and cost-effectiveness would 
be of significant value to clinical practitioners and 
policymakers. Furthermore, advances in pharma-
cogenomics could pinpoint patient-specific deter-
minants of response to nefopam and tramadol. 
These insights, when integrated into clinical prac-
tice, would promote more effective and personal-
ized PSAS management strategies.

CONCLUSION
Based on this systematic review, nefopam and 
tramadol appeared to be effective for established 
PSAS. Nefopam was a slightly safer option for 
patients who needed minimal sedation and a 
reduction in gastrointestinal side effects as com-
pared to tramadol, which had other advantages 
like rapid shivering control and cost effectiveness. 
Optimal perioperative care and choices of agents 
should be tailored according to individual patient 
needs and clinical context, with optimal outcomes. 
Future studies should integrate standardized proto-
cols with a direct comparison of tramadol and nefo-
pam for more definitive results.
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DISCUSSION
Systematic review demonstrated that the Neutrophil 
Percentage to Albumin Ratio functions effectively as 
both a diagnostic and prognostic biomarker in HCC 

and CLD conditions. Various studies validated NPAR 
diagnostic effectiveness because it provided 
outstanding diagnostic results when distinguishing 
HCC from CLD22,23. The diagnostic performance of 

NPAR surpassed traditional biomarkers such as ALT, 
AST and bilirubin, with its sensitivity and specificity 
measurements exceeding 80% in most cases. 
Existing biomarkers used for liver disease diagnosis 
fail to accurately discriminate between benign and 
malignant conditions, highlighting the significance 
of NPAR measurement.

NPAR demonstrated significant prognostic features 
in this study. As NPAR levels increased in HCC 
patients, they experienced worse survival outcomes 
and increased recurrence risks24,25. Two researchers 
showed that elevated NPAR levels significantly 
raised the risk of poor prognosis, highlighting its value 
as a predictive measure for patient health 
outcomes. The patient populations tested in these 
studies indicated that NPAR functions as a biomark-
er to identify patients with elevated risk profiles 
regarding survival outcomes and recurrence, 
enabling more strategic medical treatments 26.

This review demonstrated NPAR's capability in 
detecting liver disease at early stages, especially 
through its evaluation of liver fibrosis and cirrhosis. 
Another study showed the effectiveness of NPAR for 
detecting early fibrosis stages with satisfactory diag-
nostic accuracy when used for liver condition 
surveillance27. While these studies yielded promising 
results, they also emphasized several research limita-
tions. The current assessment of NPAR thresholds 
presented major hurdles because researchers 
employed different numbers in various research 
investigations, 28,29.  Standards for NPAR cutoffs must 
be established because current variations make 
practical utilization of this measure difficult in clinical 
settings as well as limit its acceptance by medical 
practitioners30.

The diagnostic accuracy and prognostic functions 
of NPAR matched traditional liver biomarkers and 
surpassed them in particular cases 31. NPAR 
remained behind invasive liver biopsy testing and 
established imaging techniques in obtaining recog-
nition as a diagnostic standard in the medical com-
munity32,33. The results from the reviewed studies 
displayed NPAR's superior performance compared 
to conventional biomarkers, yet the insufficient 
long-term prospective study and modest sample 
size challenge the transferability of obtained 
research findings34.

Routine implementation of NPAR had the potential 
to introduce an economic diagnostic method that 
avoided invasive procedures 35,36. NPAR showed 
great usefulness within healthcare contexts that 
lacked either imaging technologies or biopsy proce-
dures37. The combination of NPAR with other 
biomarkers in diagnostic assessments would 
produce a better prognostic and diagnostic tool for 
liver disease monitoring 38,39.

Future research is needed to execute extensive 
multicenter studies to verify NPAR capability in diag-
nosing and predicting the course of liver diseases. 
Researchers should work to establish standardized 
thresholds for NPAR measurements because this 
would produce uniformity throughout various 
clinical testing situations. The analysis of NPAR in 
long-term studies offered researchers better 
information about how it affected disease develop-
ment and patient response 40.

The development of NPAR as a diagnostic and 
prognostic biomarker in liver diseases and HCC 
requires further investigation to optimize its clinical 
application. The clinical adoption of NPAR in hepa-
tology required standardized protocols accompa-
nied by increases in study participant numbers and 
extended observation periods.

CONCLUSION
Research showed that Neutrophil Percentage to 
Albumin Ratio (NPAR) demonstrated major clinical 
potential as a biomarker for diagnosing hepatocel-
lular carcinoma (HCC) and chronic liver diseases 
(CLD). Statistical analysis showed that NPAR 
exceeded traditional disease biomarkers in perfor-
mance because it achieved strong diagnostic 
metrics of sensitivity and specificity and area under 
the curve (AUC) values. Cancer recurrence risks and 
decreased survival durations were consistently relat-
ed to NPAR in patients with hepatocellular carcino-
ma based on studies performed to assess its prog-
nostic value. Standardized large-scale research 
must verify these findings because NPAR threshold 
discrepancies and limited sample sizes throughout 
the included studies present potential biases. Future 
studies are needed to determine standard NPAR 
cutoffs and assess their extended forecast accuracy 
and their potential use in multi-biomarker testing 
processes. Future validation of NPAR would enable 
medical practice to adopt this non-invasive tool for 
cost-effective liver disease management which 
would improve diagnostic accuracy and patient 
outcomes prediction.
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DISCUSSION
Nefopam and tramadol were assessed for their 
effectiveness in treating PSAS in this systematic 
review. Key differences in onset of action, recovery 
time, and adverse event profiles were seen for both 
agents. But both agents showed efficacy. Across 
multiple studies tramadol had a rapid onset and 

consistently high efficacy for reducing shivering 
incidences and severity by 90% to 97%. In contrast, 
the tolerability profile of nefopam was more favor-
able, especially in minimizing gastrointestinal side 
effects, though slightly less effective for reducing 
shivering in some cases.

The studies included in this review provided strong 
evidence from many clinical settings, thereby 
increasing the generalizability of findings. A large 
sample size with over 500 patients supported trama-
dol’s efficacy, as mentioned in one study. Though 
smaller in scale, nefopam studies provided good 
ideas regarding safety and applicability, especially 
for patients with contraindications to opioids25.

As study designs were heterogeneous therefore 
direct comparison was not the best option. Varia-
tions in dosing regimens, outcome measurements, 
and patient populations made it difficult to draw 
definitive conclusions. Moreover, there was a lack of 
standardization in many studies to measure shivering 
severity, recovery times, and adverse events, 
hence, more uniform methodologies are needed in 
future studies.

Tramadol’s rapid onset and high efficacy were 
particularly well suited for the scenarios where 
immediate shivering control was required 27. Two 
studies highlighted its ability to resolve shivering 
within less than 30–60 minutes. Unlike nefopam, 
which took 24 hours or more to achieve full recovery 
in some patients, this might limit its usage in acute 
settings, but did not diminish its effectiveness in wider 
perioperative care 28.

The distinct mode of action of nefopam (non-opi-
oid, acting by serotonin, norepinephrine, and dopa-
mine reuptake inhibition) and tramadol (weak 
opioid agonist with similar reuptake inhibition 
effects) was self-explanatory for their diverse effects 
on shivering prevention and adverse events29. Nefo-
pam’s slower onset might seem like a limitation, but 
its consistent efficacy and milder side effects made 
it a suitable choice in patients who needed less 
urgent interventions. In longer recovery settings, 
nefopam reduced shivering severity effectively 
without significant sedation, making it a versatile 
option, as pointed out by one study 30.

In 5% to 11% of cases, the adverse event profile of 
tramadol primarily consisted of gastrointestinal 
disturbances, such as nausea and vomiting. Howev-
er, these effects were dose-dependent, and they 
could be prevented by prophylactic antiemetics. 
On the other hand, a more favorable profile was 
seen for nefopam, which had fewer gastrointestinal 
side effects, but some cases of tachycardia and 
hypertension were reported. One study’s finding 
indicated that nefopam was suitable for use in 
patients who had a risk of either gastrointestinal 
complications or opioid-related sedation31.

In the perioperative settings, recovery time and 
sedation profiles were important factors that affect-
ed patient turnover and satisfaction. Tramadol 
helped accelerate recovery, and it was generally 

reported that most patients resumed normal activity 
within 30 to 60 minutes of taking Tramadol 32. Its 
preference in resource-constrained or high turnover 
environments aligned with its ability to rapidly 
resolve symptoms. On the other hand, it might take 
nefopam up to 24h or more for recovery, which 
could be too long for instantaneous recovery in 
demanding situations. In addition, nefopam’s 
minimal sedative effect made nefopam quite useful 
to patients who should remain alert or prevent respi-
ratory depression. This was the quality that made 
nefopam the preferred agent, in settings where 
cognitive clarity was most important 33.

Choosing between nefopam and tramadol should 
be based on patient-specific factors such as comor-
bid illnesses, risk of adverse events, and resource 
availability. Tramadol was an affordable and acces-
sible medication in resource-limited settings. Howev-
er, Nefopam was costlier and had advantages in 
patients with contraindications to opioids or 
increased sensitivity to gastrointestinal effects. These 
findings were consistent with the general healthcare 
goals of providing cost-effective, patient-focused 
care 34.

Economic analyses of these agents demonstrated 
the necessity of weighing upfront costs with 
long-term consequences 35. While tramadol was 
cheaper, it was also more likely to cause higher rates 
of nausea and vomiting, which might require more 
treatments. On the other hand, nefopam’s higher 
cost was justified in patients where the reduced side 
effects resulted in short hospital stays or fewer 
interventions36.

When the rapidly increasing emphasis on precision 
medicine was considered, it became critical to 
develop management strategies for shivering 
tailored to the individual patient profile37. Agent 
selection must be guided by risk factors such as age, 
comorbidities and prior adverse reactions. Further-
more, patient preferences concerning sedation and 
recovery time should be integrated into clinical 
decisions to maximize adherence with treatment 
plans and increase satisfaction in patients38.

There was a need for more future studies that should 
compare nefopam and tramadol head-to-head, by 
employing standardized dosing regimens and 
outcome measures. Further studies to confirm 
findings and to address existing gaps in evidence 
should be randomized controlled trials with larger 
sample sizes. Moreover, combination therapies or 
novel agents might further improve the manage-
ment of PSAS39,40.

Stratification of patients based on risk factors such as 
comorbidities or severity of shivering should also be 
investigated to identify optimal agent selection. 

Longitudinal studies evaluating long-term outcomes 
such as quality of life and cost-effectiveness would 
be of significant value to clinical practitioners and 
policymakers. Furthermore, advances in pharma-
cogenomics could pinpoint patient-specific deter-
minants of response to nefopam and tramadol. 
These insights, when integrated into clinical prac-
tice, would promote more effective and personal-
ized PSAS management strategies.

CONCLUSION
Based on this systematic review, nefopam and 
tramadol appeared to be effective for established 
PSAS. Nefopam was a slightly safer option for 
patients who needed minimal sedation and a 
reduction in gastrointestinal side effects as com-
pared to tramadol, which had other advantages 
like rapid shivering control and cost effectiveness. 
Optimal perioperative care and choices of agents 
should be tailored according to individual patient 
needs and clinical context, with optimal outcomes. 
Future studies should integrate standardized proto-
cols with a direct comparison of tramadol and nefo-
pam for more definitive results.

LIST ABBREVIATIONS 
PSAS: Post-Spinal Anesthesia Shivering
RCT: Randomized Controlled Trial
PRISMA: Preferred Reporting Items for Systematic 
Reviews and Meta-Analyses
VAS: Visual Analog Scale
IV: Intravenous
LOS: Length of Stay
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DISCUSSION
Systematic review demonstrated that the Neutrophil 
Percentage to Albumin Ratio functions effectively as 
both a diagnostic and prognostic biomarker in HCC 

and CLD conditions. Various studies validated NPAR 
diagnostic effectiveness because it provided 
outstanding diagnostic results when distinguishing 
HCC from CLD22,23. The diagnostic performance of 

NPAR surpassed traditional biomarkers such as ALT, 
AST and bilirubin, with its sensitivity and specificity 
measurements exceeding 80% in most cases. 
Existing biomarkers used for liver disease diagnosis 
fail to accurately discriminate between benign and 
malignant conditions, highlighting the significance 
of NPAR measurement.

NPAR demonstrated significant prognostic features 
in this study. As NPAR levels increased in HCC 
patients, they experienced worse survival outcomes 
and increased recurrence risks24,25. Two researchers 
showed that elevated NPAR levels significantly 
raised the risk of poor prognosis, highlighting its value 
as a predictive measure for patient health 
outcomes. The patient populations tested in these 
studies indicated that NPAR functions as a biomark-
er to identify patients with elevated risk profiles 
regarding survival outcomes and recurrence, 
enabling more strategic medical treatments 26.

This review demonstrated NPAR's capability in 
detecting liver disease at early stages, especially 
through its evaluation of liver fibrosis and cirrhosis. 
Another study showed the effectiveness of NPAR for 
detecting early fibrosis stages with satisfactory diag-
nostic accuracy when used for liver condition 
surveillance27. While these studies yielded promising 
results, they also emphasized several research limita-
tions. The current assessment of NPAR thresholds 
presented major hurdles because researchers 
employed different numbers in various research 
investigations, 28,29.  Standards for NPAR cutoffs must 
be established because current variations make 
practical utilization of this measure difficult in clinical 
settings as well as limit its acceptance by medical 
practitioners30.

The diagnostic accuracy and prognostic functions 
of NPAR matched traditional liver biomarkers and 
surpassed them in particular cases 31. NPAR 
remained behind invasive liver biopsy testing and 
established imaging techniques in obtaining recog-
nition as a diagnostic standard in the medical com-
munity32,33. The results from the reviewed studies 
displayed NPAR's superior performance compared 
to conventional biomarkers, yet the insufficient 
long-term prospective study and modest sample 
size challenge the transferability of obtained 
research findings34.

Routine implementation of NPAR had the potential 
to introduce an economic diagnostic method that 
avoided invasive procedures 35,36. NPAR showed 
great usefulness within healthcare contexts that 
lacked either imaging technologies or biopsy proce-
dures37. The combination of NPAR with other 
biomarkers in diagnostic assessments would 
produce a better prognostic and diagnostic tool for 
liver disease monitoring 38,39.

Future research is needed to execute extensive 
multicenter studies to verify NPAR capability in diag-
nosing and predicting the course of liver diseases. 
Researchers should work to establish standardized 
thresholds for NPAR measurements because this 
would produce uniformity throughout various 
clinical testing situations. The analysis of NPAR in 
long-term studies offered researchers better 
information about how it affected disease develop-
ment and patient response 40.

The development of NPAR as a diagnostic and 
prognostic biomarker in liver diseases and HCC 
requires further investigation to optimize its clinical 
application. The clinical adoption of NPAR in hepa-
tology required standardized protocols accompa-
nied by increases in study participant numbers and 
extended observation periods.

CONCLUSION
Research showed that Neutrophil Percentage to 
Albumin Ratio (NPAR) demonstrated major clinical 
potential as a biomarker for diagnosing hepatocel-
lular carcinoma (HCC) and chronic liver diseases 
(CLD). Statistical analysis showed that NPAR 
exceeded traditional disease biomarkers in perfor-
mance because it achieved strong diagnostic 
metrics of sensitivity and specificity and area under 
the curve (AUC) values. Cancer recurrence risks and 
decreased survival durations were consistently relat-
ed to NPAR in patients with hepatocellular carcino-
ma based on studies performed to assess its prog-
nostic value. Standardized large-scale research 
must verify these findings because NPAR threshold 
discrepancies and limited sample sizes throughout 
the included studies present potential biases. Future 
studies are needed to determine standard NPAR 
cutoffs and assess their extended forecast accuracy 
and their potential use in multi-biomarker testing 
processes. Future validation of NPAR would enable 
medical practice to adopt this non-invasive tool for 
cost-effective liver disease management which 
would improve diagnostic accuracy and patient 
outcomes prediction.
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