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Background: In recent years, the issue of postoperative pain has raised wide concern in the medical 
community. Postoperative hyperalgesia (POH), as the primary etiology of pain, has been extensively studied 
and numerous articles have been published on this topic; however, no comprehensive bibliometric review of 
POH publications has been conducted. Thus, we aimed to examine the 100 top-cited reports on POH and 
summarize their key characteristics.
Methods: Published studies on POH were retrieved from the Web of Science Core Collection (WoSCC) 
using the search terms “postoperative hyperalgesia”. All papers published since 1980 were searched. The 
search results were sorted by the frequency of the total citations, and 2 reviewers independently skimmed the 
abstracts and full texts to identify the 100 top-cited reports. After the 100 top-cited papers were identified, 
the following data were extracted by the two reviewers: the title, surname(s) of the author(s), name of the first 
author, publication year, country of origin, article type, institutional affiliations, keywords, source journal, 
and impact factor (IF) of the journal.
Results: The initial search returned 1,747 papers, published in 466 journals that originated from 1,679 
institutions in 48 countries. The 100 top-cited reports received 21,454 citations. The USA was the most 
cited and most productive country, contributing nearly half of the 100 top-cited papers. The numbers of 
studies on POH have trended upward and continue to increase each year.
Conclusions: An analysis of the 100 top-cited studies on POH provided a better guidance for ongoing 
researches. The prominent keywords “opioid-induced hyperalgesia”, especially “remifentanil”, is still on 
top of POH research area. Nevertheless, the mechanism of POH is intricate and unclear, which is crucial to 
conduct further studies and find some new interventions.
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Introduction

Postoperative hyperalgesia (POH) is a common clinical 
condition characterized by pain hypersensitivity, a decreased 
threshold for pain, and allodynia. The two main types of 
POH are primary hyperalgesia and secondary hyperalgesia. 
Primary hyperalgesia is caused by an original incision and 
disappears as the wound heals. Secondary hyperalgesia, also 
known as central hyperalgesia, involves functional changes 
in synaptic plasticity that are induced by noxious stimuli. 
Opioid-induced hyperalgesia, the most common type of 
hyperalgesia, is one of typical secondary hyperalgesia, which 
is related to increasing doses of opioid drugs.

POH is an important branch of perioperative pain. 
Opioids can cause POH; however, these drugs are also 
the primary therapy for perioperative pain management. 
Remifentanil, for example, is considered a key opioid 
drug in the development of POH (1,2). Consequently, the 
prophylaxis and prevention of POH has been the subject 
of increasing attention in recent years. For example, a 
systematic review of the Cochrane library demonstrated that 
perioperative intravenous ketamine reduces postoperative 
opioid consumption and pain intensity, and does not result 
in adverse events (3). Preemptive analgesia (4,5) and opioid-
free anesthesia (6,7) have also gradually been developed. In 
addition, several studies on the mechanisms of POH have 
been conducted (8,9).

Given the current state of the POH literature, we sought 
to examine the status of the research in this area, and 
identify popular areas and the frontiers of POH research. 
To date, although there were some reviews about POH, a 
bibliometric analysis of the POH literature has not been 
conducted. A bibliometric analysis is a novel analysis 
framework for giving influential research evidence. Hence, 
it is eager to summarize POH in this new way. VOSviewer 
is a Java-based computer program used to visualize patterns 
and trends in scientific literature by co-occurrence and 
cluster analyses (10,11). In this paper, we used VOSviewer 
and bibliometric.com to perform a bibliometric review of 
the 100 top-cited reports on POH from the Web of Science 
Core Collection (WoSCC), and conducted an analysis of 
the current achievements and the development directions in 
this field.

Methods

The WoSCC was searched using the search terms 
“postoperative hyperalgesia” on April 5, 2021, and studies 

published on POH were retrieved. All papers published 
since 1980 were searched. The obtained search results were 
sorted by the frequency of the total citations.

Two reviewers independently skimmed the abstracts 
and full texts to identify the 100 top-cited reports. To be 
included in the analysis, the study had to focus on POH. 
Irrelevant studies were discarded. After the 100 top-cited 
papers were selected, the following data were extracted by 
the two reviewers from the papers: the title, surname(s) of 
the author(s), name of the first author, publication year, 
institutional affiliations, country of origin, article type, 
keywords, source journal, and impact factor (IF) of the 
journal. 

Statistical analysis

All data were collected and analyzed in Microsoft EXCEL 
(2016) software.

Results

In total, 1,747 reports were retrieved from the WoSCC 
database using the terms “postoperative hyperalgesia” 
(see Figure S1). With the exception of 1 paper published 
in 1982, studies in this area first began to be published in 
1991, and there has been a gradual increase in the number 
of publications per year since then. Over the last 5 years, a 
peak in publications has occurred, indicating that POH is 
a popular topic and will likely continue to be so in the near 
future. The retrieved papers were published in 466 journals, 
and originated from 1,679 institutions in 48 different 
countries.

The citation characteristics of the 100 top-cited studies on 
POH

The 100 top-cited studies are listed in Table S1 in 
descending order of the number of total citations. The 
studies were published between 1991 and 2016. The 
number of citations per paper ranged from 107 to 1,909, 
and the total citation number for the studies was 21,454. 
The most-cited report titled, “Central sensitization: 
implications for the diagnosis and treatment of pain”, was a 
review of the mechanisms involved in pain with a focus on 
central sensitization. This study was published in the journal 
Pain, and emphasized the effects of activity-dependent 
synaptic plasticity in the spinal cord on central sensitization, 
and outlined the genetic and environmental contributors to 

https://cdn.amegroups.cn/static/public/APM-21-3240-Supplementary.pdf
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this phenomenon. The second most frequently cited paper 
titled, “Preemptive analgesia treating postoperative pain by 
preventing the establishment of central sensitization”, was 
a review of postoperative pain and central sensitization that 
examined treatment by preemptive analgesia. This review 
was cited by other studies 1,059 times. Interestingly, the 
top 1 and 2 most-cited papers shared the same first author 
(i.e., Woolf CJ). The third most-cited POH study, titled 
“Characterization of a rat model of incisional pain”, was 
also published in Pain and had been cited 747 times. The 
authors of this study established a rat model of postoperative 
incisional pain, which was a necessary first step for many 
subsequent studies on POH.

Journals that have published POH studies

The top 10 journals that published the greatest number 
of POH studies are listed in Table 1 in descending order 
based on the number of total citations. The top 3 journals 
publishing POH studies were Anesthesiology (n=138), 
Anesthesia and Analgesia (n=130), and Pain (n=134). Among 
these top 10 journals, the contributions to the 100 top-cited 
studies were as follows: 22 were published in Anesthesiology, 
16 were published Anesthesia and Analgesia, 20 were 
published in Pain, 5 were published in the British Journal of 
Anaesthesia, and 3 were published in the Journal of Pain. Two 
studies were published in each of the following journals: 
Acta Anaesthesiologica Scandinavica, Molecular Pain, and the 

Lancet. The other 2 journals, Regional Anesthesia and Pain 
Medicine and the Clinical Journal of Pain, published 1 study 
each among the 100 top-cited reports. The total number of 
citations for publications appearing in each journal ranged 
from 136 to 5,603. The articles published in Pain received 
the most citations. POH articles published in the Clinical 
Journal of Pain had the highest average citation rate per 
paper at 326 citations. The IFs of these 10 journals in 2019 
ranged from 2.05 to 60.39. The highest IF journal was the 
Lancet, which published 5 studies of the 1,747 reports, and 2 
of the 100 top-cited studies.

Publication years for the 100 top-cited POH studies

The 100 top-cited studies were published between 1992 
and 2016 (see Table 2). The greatest number of studies 
was published in 2003 (n=10), followed by 2004 and 2005 
(n=9), 1997 (n=8), and 2001, 2002, and 2011 (n=6). Studies 
published in 2011 had the highest number of total citations 
(n=2,733), and the highest average number of citations per 
paper (n=462).

Type of studies among the 100 top-cited POH studies

Of the 100 top-cited publications, 78 were primary research 
articles, 21 were reviews, and 1 was an editorial. The 
number of studies (78 vs. 21), total citations (19,087 vs. 
2,248), and average citations per paper (245 vs. 107) were 

Table 1 Journals that published the 100 top-cited POH studies.

Journal
Number in 100 top-cited reports  

[in total reports]
Total citations Average citation IF [2019]

Anesthesiology 22 [138] 4,182 190 7.067

Anesthesia and Analgesia 16 [130] 3,457 216 4.305

Pain 20 [134] 5,603 280 5.483

British Journal of Anaesthesia 5 [57] 881 155 6.88

Acta Anaesthesiologica Scandinavica 2 [29] 475 237 2.05

Journal of Pain 3 [44] 694 231 4.621

Clinical Journal of Pain 1 [23] 326 326 2.893

Lancet 2 [5] 506 253 60.39

Regional Anesthesia and Pain Medicine 1 [29] 136 136 7.015

Molecular Pain 2 [22] 248 124 2.696

POH, postoperative hyperalgesia; IF, impact factor.
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higher for original research articles than reviews. The  
100 top-cited studies were divided into 12 categories by 
the Web of Science, with the top 3 being anesthesiology 
(n=68), neurosciences (n=6), and clinical neurology (n=5;  
see Table 3).

Countries of origin for the 100 top-cited POH studies

Among the 100 top-cited studies, 48 were from the USA. 
Approximately a quarter of the studies originating in the 
USA were co-authored by researchers in other countries, 
such as Germany, Canada, Japan, or China, followed by 

Denmark and France (n=10), and Germany and the UK 
(n=8). Canada, Israel, and the Netherlands contributed 2 
studies each, while China and Austria contributed 3 studies 
each (see Table 4).

Institutions associated with at least five of the 100 top-cited 
POH studies

A total of 8 institutions from 6 countries contributed 5 or 
more publications each to the 100 top-cited POH studies 
(see Table 5). The institutions associated with the most POH 
publications were located in the USA, and included the 

Table 2 Publication years for the 100 top-cited POH studies

Year Number in 100 top-cited reports Total citations Average citation

1992 1 188 188

1993 5 1,814 363

1994 3 871 290

1995 1 127 127

1996 4 1,205 301

1997 8 1,413 177

1998 3 403 134

1999 4 604 151

2000 4 1,193 298

2001 6 987 165

2002 6 1,163 193

2003 10 1,844 184

2004 9 1,541 171

2005 9 1,705 189

2006 3 502 167

2007 4 747 187

2008 1 326 326

2009 4 460 115

2010 4 747 187

2011 6 2,773 462

2012 1 245 245

2014 2 330 165

2015 1 118 118

2016 1 148 148

POH, postoperative hyperalgesia.
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University of Iowa (n=11), the University of Louisville, and 
Harvard University (n=7 each) The Ambroise Pare Hospital 
in France, Tel Aviv University in Israel, and the University 

of Toronto in Canada were associated with 6 publications 

each. Two institutions (i.e., the University of Erlangen-

Nuremberg and Nihon University) were associated with 5 

publications each. Of the 8 institutions, 7 were universities, 

and 3 were located in the USA.

Table 3 Types of studies among the 100 top-cited POH studies

Variables Number of studies Total citations Average citations

Type of study

Primary research article 78 19,087 245

Review 21 2,248 107

Editorial material 1 119 119

Web of Science categories

Anesthesiology 68 15,215 224

Neurosciences 6 1,209 201

Clinical neurology 5 934 187

Pharmacology pharmacy 5 850 170

Multidisciplinary sciences 5 1,336 267

Medicine general internal 3 619 206

Orthopedics 2 332 166

Medicine research experimental 2 362 181

Endocrinology metabolism 1 109 109

Pediatrics 1 156 156

Biological psychology 1 161 161

Veterinary sciences 1 171 171

POH, postoperative hyperalgesia.

Table 4 Countries of origin for the 100 top-cited POH studies

Country
Number in 100 top-cited 

reports
Total citations

USA 48 11,966

Denmark 10 1,451

France 10 2,355

Germany 8 1,431

UK 8 2,185

Canada 5 738

Israel 5 902

Netherlands 5 667

Austria 3 807

China 3 397

POH, postoperative hyperalgesia.

Table 5 Institutions associated with at least 5 of the 100 top-cited 
POH studies

Name of institutions Number in 100 cited reports

The University of Iowa 11

The University of Louisville 7

Harvard University 7

Ambroise Pare Hospital 6

Tel Aviv University 6

The University of Toronto 6

University of Erlangen-Nuremberg 5

Nihon University 5

POH, postoperative hyperalgesia.
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Co-occurring keywords

The analysis of high-frequency keywords in publications 
can help to identify popular topics in a research field. As 
Table 6 shows, the most frequent keywords among both 
the 100 top-cited POH studies and all the retrieved POH 
studies were hyperalgesia (frequency in top 100: 47, overall 
frequency: 816), postoperative pain (frequency in top 100: 
38, overall frequency: 765), and analgesia (frequency in 
top 100: 21, overall frequency: 324). Other top keywords 
included morphine (frequency in top 100: 20, overall 
frequency: 276), pain (frequency in top 100: 16, overall 
frequency: 312), neuropathic pain (frequency in top 100: 
13, overall frequency: 322), and surgery (frequency in 
top 100: 10, overall frequency: 227). Other top keywords 
in the 100 top-cited studies included rat (frequency: 11), 
allodynia (frequency: 13), and spinal cord (frequency: 9), 
while the other top keywords in the total number of reports 
retrieved included ketamine (frequency: 216), opioid-
induced hyperalgesia (frequency: 210), and remifentanil  
(frequency: 180).

Discussion

Postoperative pain is a key medical issue that has received 
increasing attention from surgeons and anesthesiologists 
in recent years. Several perioperative pain management 
methods have been developed to aid in the prophylaxis 
and prevention of this condition. POH is one of the main 
pathogenic mechanisms involved in postoperative pain, and 

has also been the subject of increased research attention. 
Despite the increasing number of reports published on 
this topic, a bibliometric analysis of publications in this 
field had yet to be conducted. A bibliometric review 
of postoperative pain after non-surgical root canal  
therapy (12) had been published; however, it only included 
424 papers. This analysis alone is not enough to develop 
a deep understanding of the POH research field. Thus, 
we carried out a detailed bibliometric analysis to provide a 
comprehensive view of the POH field, and help researchers 
gain a better understanding of the literature.

One thousand seven hundred and forty-seven POH-
related papers, published in the last 30 years, were retrieved 
from the WoSCC database. Except for 1 paper published in 
1982, the others were published after 1991, and the number 
of publications per year showed a continuous upward 
trend. In relation to the 100 top-cited POH reports, the 
publication timeline ran from 1991 to 2016, and the number 
of papers per year approximated a normal distribution. 
Studies published from 2003 to 2005 comprised nearly 30% 
of the top 100 most-cited papers. These characteristics 
indicate that POH, as a term, has gradually come into usage 
since the 1990s. In the past 5 years, the highest number of 
POH-related reports have been published, totaling more 
than 100 per year. These findings show that POH has 
gained continued attention in the past 20 years. Thus, POH 
is a popular topic of research in the field of perioperative 
pain, and will likely continue to be so in the coming years.

Most of the 100 top-cited POH papers originated in 

Table 6 The top 10 high-frequency keywords in the 100 top-cited POH studies and all POH studies retrieved

No.
100 top-cited studies All studies

Keywords Frequency Keywords Frequency

1 Hyperalgesia 47 Hyperalgesia 816

2 Postoperative pain 38 Postoperative pain 765

3 Analgesia 21 Analgesia 324

4 Morphine 20 Neuropathic pain 322

5 Pain 16 Pain 312

6 Neuropathic pain 13 Morphine 276

7 Allodynia 13 Surgery 227

8 Rat 11 Ketamine 216

9 Surgery 10 Opioid-induced hyperalgesia 210

10 Spinal cord 9 Remifentanil 180

POH, postoperative hyperalgesia. No., number.
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the USA. Indeed, approximately half of the studies were 
conducted in the USA (48 of 100). In addition, the top 3 
institutions associated with the most highly cited POH 
articles were located in USA. Thus, the USA was the most 
productive country in this field. Among the countries from 
which the 100 top-cited POH reports originated, most 
were developed countries, except for Israel. Developed 
countries probably contributed the majority of the 100 
top-cited studies, as they have better research funding and 
infrastructure. High-quality studies require the constant 
accumulation of data, which in turn requires a large number 
of preliminary experiments and significant investment.

The 100 top-cited POH studies were cited from 107 
to 1,909 times and published in 30 journals between 1992 
and 2016. The number of total citations has increased 
with time. Among the 100 top-cited studies, only 11 were 
published in the last 10 years. The relatively low number of 
citations for studies published in the past 10 years should 
not be taken as an indicator of significance, as citations 
require time to accumulate. Twenty-two of the 100 top-
cited studies were published in the Anesthesiology journal. 
These 22 published papers had the highest total number 
of citations (4,182 times). Of the top 5 journals with the 
most highly cited POH articles, 4 were centered on the 
field of anesthesiology. Thus, POH has gained increasing 
attention from anesthesiologists and related professionals, 
and professional journals may be more likely to publish 
POH-related research. Notably, the Lancet published 5 
articles related to POH, and 2 of the studies published by 
this journal were among the 100 top-cited reports, receiving 
506 citations. Thus, POH may be considered a popular 
research topic, as studies in this area have been published in 
a prestigious journal with a high IF.

Among the 100 top-cited studies, 78% were primary 
research articles that were cited 19,087 times and, according 
to the Web of Science categorization, 68% were within 
the field of anesthesiology. This latter finding suggests that 
anesthesiology-related professionals paid a great deal of 
attention to POH research. The analysis of co-occurring 
keywords showed that there were some similarities and 
differences between the 100 top-cited studies, and all 
the retrieved studies related to POH. Among the top 10 
high-frequency keywords, 7 keywords (i.e., hyperalgesia, 
postoperative pain, analgesia, morphine, pain, neuropathic 
pain, and surgery) were shared across all papers. All the 
studies frequently used the keywords ketamine, morphine-
induced hyperalgesia, and remifentanil, while the 100 top-

cited reports were tendency to use the terms allodynia, rat, 
and spinal cord. Based on these differences, we concluded 
that POH studies primarily focused on opioid-induced 
hyperalgesia, especially in relation to remifentanil, while the 
top-cited papers were more likely to be primary research 
articles focused on animal research. Opioid, widely used in 
the analgesia administration, is related to acute tolerance 
and hyperalgesia, in which both of them could lead to 
adverse outcomes. In recent studies, multiple-model 
analgesia has been come up with to prevent POH, and 
some new therapeutic methods have appeared, such as 35%  
N2O (13) and magnesium sulfate (14). The mechanism 
of POH was still unclear and complex, further studies 
could focus on its pathogenetic mechanism, from which 
the direction of new drug research and invention will be  
sought out.

There are still some limitations in this bibliometric 
analysis. First, only WoSCC database was searched for 
paper collection, we could miss some related POH papers 
published in the other databases. Further studies will 
include Medline, the Cochrane library and Google Scholar 
and so on. Secondary, citations did not totally represent the 
quality of publications. However, we believe that this metric 
plays a valid role on behalf of influence within this research 
field around the world. To date, just a small quantity of 
bibliometric reviews focusing on “postoperative pain”. 
Ali Nosrat paid more attention to pain after root canal 
treatment, while Qi Li kept an eye on publication trends 
and hot spots in chronic postsurgical pain (CPSP). In this 
review, we take more care about POH, which differs from 
CPSP. This is the first bibliometric analysis in the terms  
of POH.

In conclusion, our study provides a comprehensive list 
of the true landmark publications on POH, and recognizes 
the contributions made by important authors, institutions, 
and scientific journals. This bibliometric analysis described 
the overall structure of scientific research for this field and 
provided collective information to assist other researchers. 
Given the rising number of surgeries, POH is likely to 
remain a crucial research area in the future.

Acknowledgments

Funding: This study was supported by the Science and 
Technology Project of the Health Planning Committee 
of Sichuan (18PJ175) and the Project of the Max Cynader 
Academy of Brain Workstation, WCHSCU (HXYS 19005).

https://pubmed.ncbi.nlm.nih.gov/?sort=date&term=Nosrat+A&cauthor_id=33271179


12545Annals of Palliative Medicine, Vol 10, No 12 December 2021

© Annals of Palliative Medicine. All rights reserved.   Ann Palliat Med 2021;10(12):12538-12545 | https://dx.doi.org/10.21037/apm-21-3240

Footnote

Conflicts of Interest: All authors have completed the ICMJE 
uniform disclosure form (available at https://dx.doi.
org/10.21037/apm-21-3240). The authors have no conflicts 
of interest to declare.

Ethical Statement: The authors are accountable for all 
aspects of the work in ensuring that questions related 
to the accuracy or integrity of any part of the work are 
appropriately investigated and resolved. 

Open Access Statement: This is an Open Access article 
distributed in accordance with the Creative Commons 
Attribution-NonCommercial-NoDerivs 4.0 International 
License (CC BY-NC-ND 4.0), which permits the non-
commercial replication and distribution of the article with 
the strict proviso that no changes or edits are made and the 
original work is properly cited (including links to both the 
formal publication through the relevant DOI and the license). 
See: https://creativecommons.org/licenses/by-nc-nd/4.0/.

References

1. Santonocito C, Noto A, Crimi C, et al. Remifentanil-
induced postoperative hyperalgesia: current perspectives 
on mechanisms and therapeutic strategies. Local Reg 
Anesth 2018;11:15-23.

2. Koo CH, Yoon S, Kim BR, et al. Intraoperative naloxone 
reduces remifentanil-induced postoperative hyperalgesia 
but not pain: a randomized controlled trial. Br J Anaesth 
2017;119:1161-8.

3. Brinck EC, Tiippana E, Heesen M, et al. Perioperative 
intravenous ketamine for acute postoperative pain in 
adults. Cochrane Database Syst Rev 2018;12:CD012033.

4. Katz J, Cohen L, Schmid R, et al. Postoperative morphine 
use and hyperalgesia are reduced by preoperative but 
not intraoperative epidural analgesia: implications for 
preemptive analgesia and the prevention of central 
sensitization. Anesthesiology 2003;98:1449-60.

5. Simonnet G. Preemptive antihyperalgesia to improve 
preemptive analgesia. Anesthesiology 2008;108:352-4.

6. Bello M, Oger S, Bedon-Carte S, et al. Effect of opioid-
free anaesthesia on postoperative epidural ropivacaine 
requirement after thoracic surgery: a retrospective 
unmatched case-control study. Anaesth Crit Care Pain 
Med 2019;38:499-505.

7. Soffin EM, Wetmore DS, Beckman JD, et al. Opioid-
free anesthesia within an enhanced recovery after surgery 
pathway for minimally invasive lumbar spine surgery: a 
retrospective matched cohort study. Neurosurg Focus 
2019;46:E8.

8. Shi C, Liu Y, Zhang W, et al. Intraoperative 
electroacupuncture relieves remifentanil-induced 
postoperative hyperalgesia via inhibiting spinal glial 
activation in rats. Mol Pain 2017;13:1744806917725636.

9. Song C, Liu P, Zhao Q, et al. TRPV1 channel contributes 
to remifentanil-induced postoperative hyperalgesia via 
regulation of NMDA receptor trafficking in dorsal root 
ganglion. J Pain Res 2019;12:667-77.

10. van Eck NJ, Waltman L. Citation-based clustering of 
publications using CitNetExplorer and VOSviewer. 
Scientometrics 2017;111:1053-70.

11. van Eck NJ, Waltman L. Software survey: VOSviewer, 
a computer program for bibliometric mapping. 
Scientometrics 2010;84:523-38.

12. Nosrat A, Dianat O, Verma P, et al. Postoperative pain: an 
analysis on evolution of research in half-century. J Endod 
2021;47:358-65.

13. Wehrfritz A, Bauer M, Noel N, et al. Evaluation of 
antihyperalgesic and analgesic effects of 35% nitrous oxide 
when combined with remifentanil: A randomised phase 1 
trial in volunteers. Eur J Anaesthesiol 2021;38:1230-41.

14. Silva Filho SE, Sandes CS, Vieira JE, et al. Analgesic 
effect of magnesium sulfate during total intravenous 
anesthesia: randomized clinical study. Braz J Anesthesiol 
2021;71:550-7.

(English Language Editor: L. Huleatt)

Cite this article as: Zhang T, Wu X, Ye Y, Ma J, Zhou C, 
Liang P, Liu B. The 100 top-cited studies on postoperative 
hyperalgesia in the last 30 years: a bibliometric analysis. Ann 
Palliat Med 2021;10(12):12538-12545. doi: 10.21037/apm-21-3240

https://dx.doi.org/10.21037/apm-21-3240
https://dx.doi.org/10.21037/apm-21-3240
https://creativecommons.org/licenses/by-nc-nd/4.0/


Figure S1 Distributions of all retrieved papers related “postoperative hyperalgesia” according to years.
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Table S1 Top 100 cited reports on POH

Title FA Journal Year TC Type

Central sensitization: Implications for the diagnosis and treatment of 
pain

Woolf CJ Pain 2011 1,909 Review

Preemptive analgesia treating postoperative pain by preventing the 
establishment of central sensitization

Woolf CJ Anesth Analg 1993 1,059 Review

Characterization of a rat model of incisional pain Brennan TJ Pain 1996 747 Article

Acute opioid tolerance - Intraoperative remifentanil increases 
postoperative pain and morphine requirement

Guignard B Anesthesiology 2000 556 Article

Long-lasting hyperalgesia induced by fentanyl in rats - Preventive 
effect of ketamine

Celerier E Anesthesiology 2000 374 Article

Remifentanil-induced postoperative hyperalgesia and its prevention 
with small-dose ketamine

Joly V Anesthesiology 2005 371 Article

A-803467, a potent and selective Na(v)1.8 sodium channel blocker, 
attenuates neuropathic and inflammatory pain in the rat

Jarvis MF P Natl Acad Sci USA 2007 351 Article

Mapping of punctuate hyperalgesia around a surgical incision 
demonstrates that ketamine is a powerful suppressor of central 
sensitization to pain following surgery

Stubhaug A Acta Anaesth Scand 1997 351 Article

A-317491, a novel potent and selective nonnucleotide antagonist of 
P2X(3) and P2X(2/3) receptors, reduces chronic inflammatory and 
neuropathic pain in the rat

Jarvis MF P Natl Acad Sci USA 2002 345 Article

Extra-territorial pain in rats with a peripheral mononeuropathy-
mechano-hyperalgesia and mechano-allodynia the territory of an 
uninjured nerve

Tal M Pain 1994 340 Article

Thermal hyperalgesia in association with the development of 
morphine-tolerance in rats- roles of excitatory amino-acid receptors 
and protein-kinase-C

Mao J J Neurosci 1994 337 Article

Opioid-induced hyperalgesia in humans - Molecular mechanisms 
and clinical considerations

Chu LF Clin J Pain 2008 326 Review

Transcutaneous electrical nerve stimulation: Basic science 
mechanisms and clinical effectiveness

Sluka KA J Pain 2003 325 Review

Ketamine as adjuvant analgesic to opioids: a quantitative and 
qualitative systematic review

Subramaniam K Anesth Analg 2004 298 Review

Short-term infusion of the mu-opioid agonist remifentanil in humans 
causes hyperalgesia during withdrawal

Angst MS Pain 2003 289 Article

Altered expression and uptake activity of spinal glutamate 
transporters after nerve injury contribute to the pathogenesis of 
neuropathic pain in rats

Sung BK J Neurosci 2003 281 Article

Excitatory monocyte chemoattractant protein-1 signaling is up-
regulated in sensory neurons after chronic compression of the dorsal 
root ganglion

White FA P Natl Acad Sci USA 2005 279 Article

Treatment of acute postoperative pain Wu CL Lancet 2011 275 Article

Opioid tolerance and hyperalgesia in chronic pain patients after one 
month of oral morphine therapy: a preliminary prospective study

Chu LF J Pain 2006 262 Article

Perioperative oral pregabalin reduces chronic pain after total knee 
arthroplasty: a prospective, randomized, controlled trial

Buvanendran A Anesth Analg 2010 257 Article

Effect of perioperative systemic alpha 2 agonists on postoperative 
morphine consumption and pain intensity systematic review and 
meta-analysis of randomized controlled trials

Blaudszun G Anesthesiology 2012 245 Article

The value of preemptive analgesia in the treatment of postoperative 
pain

DAHL JB Brit J Anaesth 1993 242 Review

Deletion of vanilloid receptor 1-expressing primary afferent neurons 
for pain control

Karai L J Clin Invest 2004 241 Article

A randomized study of the effects of single-dose gabapentin versus 
placebo on postoperative pain and morphine consumption after 
mastectomy

Dirks J Anesthesiology 2002 240 Article

'Balanced analgesia' in the perioperative period: is there a place for 
ketamine?

De Kock M Pain 2001 236 Article

Preoperative morphine preempts postoperative pain Richmond CE Lancet 1993 231 Article

Chronic opioid use prior to total knee arthroplasty Zywiel MG J Bone Joint Surg Am 2011 222 Article

Opioid-induced hyperalgesia in patients after surgery: a systematic 
review and a meta-analysis

Fletcher D Brit J Anaesth 2014 220 Review

Mechanical and thermal hyperalgesia and ectopic neuronal discharge 
after chronic compression of dorsal root ganglia

Song XJ J Neurophysiol 1999 215 Article

Evaluation of gabapentin and S-(+)-3-isobutylgaba in a rat model of 
postoperative pain

Field MJ J Pharmacol Exp Ther 1997 214 Article

Central neuroplasticity and pathological pain Melzack R Ann Ny Acad Sci 2001 213 Article

A-425619 [1-isoquinolin-5-yl-3-(4-trifluoromethyl-benzyl)-urea], 
a novel transient receptor potential type V1 receptor antagonist, 
relieves pathophysiological pain associated with inflammation and 
tissue injury in rats

Honore P J Pharmacol Exp Ther 2005 207 Article

The role of ketamine in preventing fentanyl-induced hyperalgesia and 
subsequent acute morphine tolerance

Laulin JP Anesth Analg 2002 207 Article

Perioperative intravenous lidocaine has preventive effects on 
postoperative pain and morphine consumption after major abdominal 
surgery

Koppert W Anesth Analg 2004 204 Article

When does acute pain become chronic? Voscopoulos C Brit J Anaesth 2010 196 Article

Intraoperative epidural analgesia combined with ketamine provides 
effective preventive analgesia in patients undergoing major digestive 
surgery

Lavand'homme 
P

Anesthesiology 2005 195 Article

Differential modulation of remifentanil-induced analgesia and 
postinfusion hyperalgesia by S-ketamine and clonidine in humans

Koppert W Anesthesiology 2003 195 Article

Mechanical and thermal allodynia in chronic central pain following 
spinal cord injury

Christensen MD Pain 1996 194 Article

Preemptive effect of fentanyl and ketamine on postoperative pain 
and wound hyperalgesia

Tverskoy M Anesth Analg 1994 194 Article

Intraarticular morphine, bupivacaine, and morphine bupivacaine for 
pain control after knee videoarthroscopy

Khoury GF Anesthesiology 1992 188 Article

Efficacy and kinetics of carprofen, administered preoperatively 
or postoperatively, for the prevention of pain in dogs undergoing 
ovariohysterectomy

Lascelles BDX Vet Surg 1998 171 Article

Analgesic effects of gabapentin after spinal surgery Turan A Anesthesiology 2004 161 Article

Peripheral and central hyperexcitability: Differential signs and 
symptoms in persistent pain

Coderre TJ Behav Brain Sci 1997 161 Review

Opioid-sparing effects of a low-dose infusion of naloxone in patient-
administered morphine sulfate

Gan TJ Anesthesiology 1997 159 Article

Fixed-diameter polyethylene cuffs applied to the rat sciatic nerve 
induce a painful neuropathy: ultrastructural morphometric analysis of 
axonal alterations

Mosconi T Pain 1996 157 Article

Tolerance and withdrawal from prolonged opioid use in critically III 
children

Anand KJS Pediatrics 2010 156 Review

Possible chemical contribution from chromic gut sutures produces 
disorders of pain sensation like those seen in man

MAVES TJ Pain 1993 156 Article

Preemptive analgesia I: physiological pathways and pharmacological 
modalities

Kelly DJ Can J Anaesth 2001 155 Review

A new model of electrically evoked pain and hyperalgesia in human 
skin - The effects of intravenous alfentanil, S(+)-ketamine, and 
lidocaine

Koppert W Anesthesiology 2001 153 Article

Does neonatal surgery lead to increased pain sensitivity in later 
childhood?

Peters JWB Pain 2005 152 Article

The neuronal 5-HT3 receptor network after 20 years of research - 
Evolving concepts in management of pain and inflammation

Faerber L Eur J Pharmacol 2007 149 Review

Adenosine triphosphate - Established and potential clinical 
applications

Agteresch HJ Drugs 1999 149 Review

Morphine paradoxically prolongs neuropathic pain in rats by 
amplifying spinal NLRP3 inflammasome activation

Grace PM P Natl Acad Sci USA 2016 148 Article

The effects of postoperative pain management on immune response 
to surgery

Beilin B Anesth Analg 2003 147 Article

Ketamine, an NMDA receptor antagonist, suppresses spatial and 
temporal properties of burn-induced secondary hyperalgesia in man: 
a double-blind, cross-over comparison with morphine and placebo

Warncke T Pain 1997 145 Article

The benefits of intraoperative small-dose ketamine on postoperative 
pain after anterior cruciate ligament repair

Menigaux C Anesth Analg 2000 141 Article

Blockade of nocebo hyperalgesia by the cholecystokinin antagonist 
proglumide

Benedetti F Pain 1997 141 Article

Prediction of postoperative pain a systematic review of predictive 
experimental pain studies

Werner MU Anesthesiology 2010 138 Review

Management of perioperative pain in patients chronically consuming 
opioids

Carroll IR Region Anesth Pain M 2004 136 Review

Electrophysiological and in vivo characterization of A-317567, a 
novel blocker of acid sensing ion channels

Dube GR Pain 2005 135 Article

Prediction of postoperative pain by preoperative nociceptive 
reponses to heat stimulation

Werner MU Anesthesiology 2004 135 Article

Post-operative central hypersensitivity and pain: the pre-emptive 
value of pethidine for ovariohysterectomy

Lascelles BDX Pain 1997 135 Article

A mouse model of incisional pain Pogatzki EM Anesthesiology 2003 132 Article

Pharmacological characterisation of a rat model of incisional pain Whiteside GT Brit J Pharmacol 2004 131 Article

Gabapentin suppresses cutaneous hyperalgesia following heat-
capsaicin sensitization

Dirks J Anesthesiology 2002 130 Article

Systematic review of movement-evoked pain versus pain at rest 
in postsurgical clinical trials and meta-analyses: a fundamental 
distinction requiring standardized measurement

Srikandarajah S Pain 2011 129 Review

Long-term potentiation in spinal nociceptive pathways as a novel 
target for pain therapy

Ruscheweyh R Mol Pain 2011 129 Review

Preoperative gabapentin decreases anxiety and improves early 
functional recovery from knee surgery

Menigaux C Anesth Analg 2005 129 Article

Astroglia in medullary dorsal horn (trigeminal spinal subnucleus 
caudalis) are involved in trigeminal neuropathic pain mechanisms

Okada-Ogawa A J Neurosci 2009 128 Article

Heritability of responses to painful stimuli in women: a classical twin 
study

Norbury TA Brain 2007 128 Article

Noxious stimuli induce an N-methyl-D-aspartate receptor-dependent 
hypersensitivity of the reflex to touch-implications for the treatment 
of mechanical allodynia

MA QP Pain 1995 127 Article

The effect of preinjury versus postinjury infiltration with lidocaine on 
thermal and mechanical hyperalgesia after heat injury to the skin

DAHL JB Pain 1993 126 Article

Different profiles of buprenorphine-induced analgesia and 
antihyperalgesia in a human pain model

Koppert W Pain 2005 124 Article

Effects of gabapentin on postoperative morphine consumption and 
pain after abdominal hysterectomy: a randomized, double-blind trial 

Dierking G Acta Anaesth Scand 2004 124 Article

Intravenous remifentanil produces withdrawal hyperalgesia in 
volunteers with capsaicin-induced hyperalgesia

Hood DD Anesth Analg 2003 123 Article

Upregulation of spinal cannabinoid-1-receptors following nerve injury 
enhances the effects of Win 55,212-2 on neuropathic pain behaviors 
in rats

Lim G Pain 2003 123 Article

Supplementing desflurane-remifentanil anesthesia with small-dose 
ketamine reduces perioperative opioid analgesic requirements

Guignard B Anesth Analg 2002 122 Article

The effect of ketamine on opioid-induced acute tolerance: Can 
it explain reduction of opioid consumption with ketamine-opioid 
analgesic combinations?

Kissin I Anesth Analg 2000 122 Article

The role of ketamine in pain management Visser E Biomed Pharmacother 2006 121 Review

Primary, and secondary hyperalgesia in a rat model for human 
postoperative pain

Zahn PK Anesthesiology 1999 120 Article

Effect of NGF and anti-NGF on neuropathic pain in rats following 
chronic constriction injury of the sciatic nerve

Ro LS Pain 1999 120 Article

Lack of effect of intrathecally administered N-methyl-D-aspartate 
receptor antagonists in a rat model for postoperative pain

Zahn PK Anesthesiology 1998 120 Article

Delayed functional expression of neuronal chemokine receptors 
following focal nerve demyelination in the rat: a mechanism for the 
development of chronic sensitization of peripheral nociceptors

Bhangoo S Mol Pain 2007 119 Article

Postoperative hyperalgesia - Its clinical importance and relevance Wilder-Smith 
OHG

Anesthesiology 2006 119 Editorial 
material

Fentanyl enhancement of carrageenan-induced long-lasting 
hyperalgesia in rats - Prevention by the N-methyl-D-aspartate 
receptor antagonist ketamine

Rivat C Anesthesiology 2002 119 Article

Presurgical assessment of temporal summation of pain predicts the 
development of chronic postoperative pain 12 months after total 
knee replacement

Petersen KK Pain 2015 118 Article

Modulation of remifentanil-induced analgesia, hyperalgesia, and 
tolerance by small-dose ketamine in humans

Luginbuhl M Anesth Analg 2003 117 Article

The early and delayed analgesic effects of ketamine after total hip 
arthroplasty: a prospective, randomized, controlled, double-blind 
study

Remerand F Anesth Analg 2009 116 Article

No clinical evidence of acute opioid tolerance after remifentanil-
based anaesthesia

Cortinez LI Brit J Anaesth 2001 116 Article

Magnesium sulfate does not reduce postoperative analgesic 
requirements

Ko SH Anesthesiology 2001 114 Article

Systemic administration of local anesthetic agents to relieve 
neuropathic pain

Challapalli V Cochrane Db Syst Rev 2005 113 Review

A single small dose of postoperative ketamine provides rapid and 
sustained improvement in morphine analgesia in the presence of 
morphine-resistant pain

Weinbroum AA Anesth Analg 2003 112 Article

The effect of epidural injection of betamethasone or bupivacaine in a 
rat model of lumbar radiculopathy

Hayashi N Spine 1998 112 Article

Changes in tissue pH and temperature after incision indicate acidosis 
may contribute to postoperative pain

Woo YC Anesthesiology 2004 111 Article

Opioid use prior to total hip arthroplasty leads to worse clinical 
outcomes

Pivec R Int Orthop 2014 110 Article

Analgesic effects of melatonin: a review of current evidence from 
experimental and clinical studies

Wilhelmsen M J Pineal Res 2011 109 Review

The Effect of Perioperative Intravenous Lidocaine on Postoperative 
Pain and Immune Function

Yardeni IZ Anesth Analg 2009 109 Article

Pain and Aging: The Emergence of a New Subfield of Pain Research Gagliese L J Pain 2009 107 Review

Effect of systemic and intrathecal morphine in a rat model of 
postoperative pain

Zahn PK Anesthesiology 1997 107 Article

Effect of systemic N-methyl-D-aspartate receptor antagonist 
(ketamine) on primary and secondary hyperalgesia in humans

Ilkjaer S Brit J Anaesth 1996 107 Article

POH, postoperative hyperalgesia, FA, first author, TC, total citations.
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