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a b s t r a c t
Persistent postsurgical pain (PPSP) is a frequent and often disabling complication of many surgical procedures. Nerve injury–induced neuropathic pain (NeuP) has repeatedly been proposed as a major cause of
PPSP. However, there is a lack of uniformity in NeuP assessment across studies, and the prevalence of
NeuP may differ after various surgeries. We performed a systematic search of the PubMed, CENTRAL,
and Embase databases and assessed 281 studies that investigated PPSP after 11 types of surgery. The
prevalence of PPSP in each surgical group was examined. The prevalence of NeuP was determined by
applying the recently published NeuP probability grading system. The prevalence of probable or deﬁnite
NeuP was high in patients with persistent pain after thoracic and breast surgeries—66% and 68%, respectively. In patients with PPSP after groin hernia repair, the prevalence of NeuP was 31%, and after total hip
or knee arthroplasty it was 6%. The results suggest that the prevalence of NeuP among PPSP cases differs
in various types of surgery, probably depending on the likelihood of surgical iatrogenic nerve injury.
Because of large methodological variability across studies, a more uniform approach is desirable in future
studies for evaluating persistent postsurgical NeuP.
Ó 2012 International Association for the Study of Pain. Published by Elsevier B.V. All rights reserved.

1. Introduction
Persistent postsurgical pain has gained increased attention in
medical research in the last decade [46]. This condition has been
described by several terms; in the current review, we will use
the term persistent postsurgical pain, abbreviated PPSP. A major reason for this increased interest is the understanding that PPSP can
be a case of iatrogenic chronic pain that may be prevented upon
identiﬁcation of mechanisms and risk factors. However, the underlying etiology of PPSP is still unclear. PPSP has been considered
neuropathic [17,23,27,39,61], and a strong association is reported
between PPSP and sensory abnormalities [32], but the evidence
suggests that mechanisms other than nerve injury such as inﬂammation [28,35,64], central sensitization [24,37,44], or a combination of these [33,51,56] play a role. In order to identify PPSP risk
factors, it is essential to understand the underlying mechanisms
q
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and to elucidate whether persistent pain is due to surgical injury
to the nerves, ongoing inﬂammatory processes, injury to the somatic or visceral structures, or other causes.
In an attempt to strengthen the criteria for what is and what is
not neuropathic pain (NeuP), the International Association for the
Study of Pain (IASP) recently deﬁned NeuP as ‘‘pain caused by a lesion or disease of the somatosensory nervous system’’ (IASP Web
site, April 2012). The article that suggested this deﬁnition also proposed a probability grading system for categorizing NeuP, which
can be useful for both clinical and research purposes [57]. This
probability grading is mentioned in the latest European Federation
of Neurological Societies (EFNS) guidelines on NeuP assessment
[15], but there is no guidance on implementation of the
grading system as a result of a lack of studies documenting its
effectiveness.
In order to clarify the contribution of NeuP to PPSP, we systematically reviewed the available literature on persistent pain after 11
different surgical procedures representing various anatomical locations and types of operative tissue injury in adults and adolescents,
and we assessed the NeuP prevalence in these studies. On the basis
of the results and the overview of the methodologies used in the
identiﬁed studies, we propose recommendations for more uniform
pain assessment in future studies on neuropathic PPSP.
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2. Materials and methods

2.2. PPSP prevalence

2.1. Surgical procedures, literature search, and study selection

To avoid overestimation of PPSP, we compared the point prevalence of PPSP (the percentage of patients reporting pain at the time
of follow-up assessment), unless stated otherwise. The cumulative
pain prevalence (the percentage of patients reporting pain of certain duration at some point between the surgery and the followup) was reported separately if assessed in the study (see Appendices 1–11 for details). An attempt was made to extract a single point
prevalence of PPSP in each study. Some studies used very loose criteria (eg, any thoracic pain [58,63], or any pain in the inguinal area
including occasional pain and discomfort [13]), which might have
overestimated the prevalence of PPSP, or used stringent criteria
(eg, pain with intensity >3/10, or moderate to severe pain
[16,29]), which might have underestimated it. Therefore, PPSP
prevalence rates obtained from these studies were labeled as liberal and conservative, respectively. A separate calculation was made
for conservative PPSP prevalence rate (median of standard and
conservative estimates) and for liberal PPSP prevalence rate (median of standard and liberal estimates) for each surgery.
A single prevalence rate was assigned for studies with no group
comparisons or nonsigniﬁcant differences among the intervention
arms. If a study included 2 or more arms with differences in PPSP
prevalence (P 6 .05 between groups), a separate prevalence rate
was assigned to each of the subgroups.

Studies assessing the occurrence and characteristics of pain
after the following 11 surgical procedures were searched: (i) thoracic surgery, (ii) breast surgery, (iii) major abdominal surgery on
the gastrointestinal tract, (iv) donor nephrectomy, (v) gynecologic
surgery (hysterectomy and cesarean section), (vi) prostatectomy,
(vii) groin hernia repair, (viii) total hip arthroplasty (THA) or knee
arthroplasty (TKA), (ix) iliac crest bone harvest, (x) mandibular
sagittal split osteotomy, and (xi) varicose vein stripping or
ablation.
Medline (PubMed), Embase, and Cochrane CENTRAL databases
were searched in June 2011 (with search update in January
2012), including the following search keywords: Mesh terms ‘‘Pain,
Postoperative’’ and ‘‘Surgical Procedures, Operative’’ with ‘‘chronic
pain’’ or ‘‘long term pain’’ keywords (‘‘postoperative pain’’ and
‘‘surgery’’ with ‘‘chronic pain’’ in Embase).
Additionally, ‘‘Pain, postoperative’’[Mesh] term was combined in
a separate Medline search with one of the following: ‘‘Thoracic surgical procedures’’[Mesh], ‘‘Mammaplasty’’[Mesh], ‘‘Mastectomy,
Segmental’’[Mesh],
‘‘Abdomen/surgery’’[Mesh],
‘‘Nephrectomy’’[Mesh], ‘‘Hysterectomy’’[Mesh], ‘‘Cesarean section’’[Mesh],
‘‘Prostatectomy’’[Mesh],
‘‘Hernia,
Inguinal/surgery’’[Mesh],
‘‘Arthroplasty, Replacement, Hip’’[Mesh], ‘‘Arthroplasty, replacement, knee’’[Mesh], ‘‘Ilium/surgery’’[Mesh], ‘‘Mandible/surgery’’[Mesh] or ‘‘Varicose veins/surgery’’[Mesh]. Additional articles
were retrieved from the references of the identiﬁed studies and from
reviews on the topic.
Studies were included if they reported the occurrence of persistent pain after one of the above mentioned 11 surgeries, with or
without assessment of sensory function. Exclusion criteria were:
(1) studies with follow-up of less than 2 months (studies in which
less than 10% of patients had a shorter follow-up period, but not
less than 1 month, were included); (2) studies including patients
younger than 13 years old; (3) studies on patients with established
PPSP that did not report the frequency of persistent pain; (4) studies published before 1979 (as the ﬁrst deﬁnitions of neuropathy
and neuralgia were proposed by the IASP Task Force in 1979); (5)
abstracts; and (6) studies/case reports including fewer than 10
patients.

2.3. NeuP probability
The probability of NeuP was graded by applying the NeuP probability criteria [57] to the published data in the included studies (Table 1). Patients who had had a previous surgery (history suggestive
of a somatosensory lesion) and pain in the surgical or corresponding
area (pain with neuroanatomically plausible distribution) were
automatically classiﬁed as possible NeuP grade. The further grading
to probable NeuP was stipulated on demonstration of either neuroanatomical distribution (presence of sensory disturbances concordant with the distribution of pain) or nerve lesion by conﬁrmatory
tests. Deﬁnite NeuP was the grade if both the latter criteria were
fulﬁlled.
The prevalence of NeuP that was assessed by other methods (eg,
NeuP-speciﬁc questionnaires or the authors’ own deﬁnition), and
reported as neuropathic by the authors, was calculated separately.

Table 1
Criteria for grading NeuP probability
Subject
NeuP criteria

1. Pain with a distinct neuroanatomically plausible distribution (a region corresponding to a peripheral innervation territory or
to the topographic representation of a body part in the CNS)
2. A history suggestive of a relevant lesion or disease affecting the peripheral or central somatosensory system (the suspected
lesion or disease is reported to be associated with pain, including a temporal relationship typical for the condition)
3. Demonstration of the distinct neuroanatomically plausible distribution by at least one conﬁrmatory test (clinical sensory
examination, which may be supplemented by laboratory and objective tests, to conﬁrm the presence of negative or positive
neurologic signs concordant with the distribution of pain)a
4. Demonstration of the relevant lesion by at least one conﬁrmatory test (as part of the neurologic examination, these tests
conﬁrm the diagnosis of the suspected lesion or disease)

Criteria fulﬁlled

NeuP probability

1 + 2 not fulﬁlled
1 + 2, without conﬁrmatory
evidence from 3 or 4
1 + 2, + either 3 or 4
1 + 2, + 3 + 4

Unlikely
Possible
Probable
Deﬁnite

CNS, central nervous system; NeuP, neuropathic pain.
a
As objective testing for criterion 3, we included clinician-assessed negative and positive sensory signs, but also patient-assessed signs, when it clearly required selfexamination (eg, stroking the ﬁnger over the scar or question about sensitivity of the skin to light touch). Patient-reported numbness or paresthesia did not qualify as
objective sensory assessment.
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(VATS) (n = 2), sternotomies (n = 14), comparison of open thoracotomy to VATS (n = 6), and comparison of sternotomy to thoracotomy or sternothoracotomy (n = 2). Breast surgery included
interventions for breast cancer (n = 46), breast augmentation
(n = 6), and breast reduction (n = 1). Abdominal surgery included
colon/rectum resections (n = 5) and mixed population of lower
and upper gastrointestinal surgeries (n = 1). Donor nephrectomy
included open (including ﬁnger-assisted) surgeries (n = 4), laparoscopies (n = 4) or both (n = 4). Gynecologic surgery included hysterectomies (abdominal or vaginal) (n = 6), cesarean sections (n = 4),
both (n = 1), and other major gynecologic surgeries (n = 2). Prostatectomy included radical prostatectomies for prostate cancer
(n = 8). Groin hernia repair included femoral hernia repairs (n = 2)
and inguinal hernia repairs via open (n = 42), laparoscopic
(n = 14) or both (n = 33) approaches. THA/TKA section included
THA (n = 7), TKA (n = 4), or both (n = 2). Iliac crest bone harvest included procedures for spine fusions (n = 17), maxillary/mandibular
reconstructions (n = 5), or mixed indications (n = 7). Mandibular
sagittal split osteotomy procedure was performed for correction
of mandibular retrognathia or for mandibular advancement/setback surgery (n = 3). Varicose vein surgery section included vein
stripping (n = 3) and radiofrequency ablation procedures (n = 3).
Fig. 1. Literature search and study selection (PRISMA) ﬂowchart.

3. Results
3.1. Literature search and study characteristics
The total number of articles identiﬁed by the literature search
was 5413 (PubMed) + 346 (CENTRAL) + 753 (Embase). These were
skimmed by titles/abstracts, and 537 potential articles were identiﬁed. The full text of these articles was evaluated by 2 authors.
Application of the exclusion criteria resulted in the ﬁnal number
of 281 articles relevant for the current review. Disagreements
regarding individual article inclusion or exclusion were resolved
by discussion among all the authors. Fig. 1 is a ﬂowchart of the literature search. Table 2 describes the included studies by types of
study design. The excluded studies are described in Appendix 12.
3.2. Characterization of included surgery types
The types of surgical procedures in the individual studies are
described in Appendices 1–11. Brieﬂy, thoracic surgery included
open thoracotomies (n = 20) and video-assisted thoracoscopies

3.3. Prevalence of PPSP
PPSP conservative and liberal prevalence rates and follow-up
period ranges are summarized in Table 3. The highest prevalence
of PPSP was found after thoracic and breast surgeries (34.5% and
31.0%), followed by THA/TKA and iliac crest bone harvest (19.8%
and 18.7%); similar PPSP prevalences were found after prostatectomy (14%), gynecologic surgery (13.7%), abdominal surgery (11%),
mandibular osteotomy (10%), and donor nephrectomy (9.6%); the
lowest PPSP was reported with groin hernia repair (7%) and varicose vein surgery (4.7%) (Fig. 2). The detailed characterization of
the individual studies included in the current review is available
in Appendices 1–11.
3.4. NeuP probability
A quantitative summary of NeuP prevalence, evaluated with the
NeuP probability grading system and other NeuP assessment
methods, was performed for surgeries for which probable/deﬁnite
NeuP prevalence was available from more than 2 studies to avoid
small-sample bias. Only 4 surgical groups fulﬁlled this criterion.
The relative prevalence of NeuP among patients with PPSP, assessed with the grading system vs other assessment methods

Table 2
Included studies.a
Type of surgery

Thoracic surgery
Breast surgery
Abdominal surgery
Donor nephrectomy
Gynecologic surgery
Prostatectomy
Groin hernia repair
THA/TKA
Iliac crest bone harvest
Mandibular osteotomy
Varicose vein surgery

Study design
Prospective PPSP
assessment,
no group comparison

Retrospective PPSP
assessment,
no group comparison

Prospective PPSP
assessment,
group comparison

Retrospective PPSP
assessment,
group comparison

Not clear

16
9
2
2
4
3
22
4
3
1
3

12
27
2
8
4
–
25
5
15
2
2

11
13
2
1
5
5
40
4
5
–
–

8
4
–
3
–
–
6
–
4
–
–

–
1
–
–
–
–
3
–
1
–
1

PPSP, persistent postsurgical pain; THA, total hip arthroplasty; TKA, total knee arthroplasty.
a
Data are presented as the number of studies per study design for each surgical group. The total number of studies for each surgical group may exceed the number of
included studies because some studies included 2 groups or consisted of 2 phases.
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(Appendix 9)
(Appendix 10)

(Appendix 7)

(Appendix 4)

PPSP, persistent postsurgical pain; IQR, 25%–75% interquartile range; NA, no liberal or conservative estimates of PPSP available; THA, total hip arthroplasty; TKA, total knee arthroplasty.
Note: Where possible, a single point prevalence of PPSP was extracted for each study.
a
PPSP prevalence rates by conservative approach were calculated from combining studies with standard and stringent criteria for PPSP (see Materials and Methods).
b
PPSP prevalence rates by liberal approach were calculated from combining studies with standard and loose criteria for PPSP (see Materials and Methods).
c
The extreme prevalence rates of PPSP were calculated from reports based on only conservative and liberal criteria.
d
Data reported in another study or inconsistent data reporting.

1
0
0
2
0
0
2
0
1
2
0
27 (9–70); 34 (15–81)
18 (3.1–34); 43 (3.1–77)
6.9 (6.3–7.6); 8 (4.6–11.5)
11 (3–26); 44.5 (22–60)
8.2 (6–18); 32 (9.2–40)
2; 29 (n = 1 in each)
2.5 (0–31); 11 (1.2–91)
13 (12–26); 36 (27–63)
15.5 (10–25); 41.5 (11–55)
NA
NA
37 (23.5–52)
41 (24.3–49)
11.5 (3.5–18)
21.3 (3.7–33)
17 (11.5–34.5)
21 (10.4–36)
12 (4.4–23.6)
27 (12.5–39.1)
23.5 (14.7–35.1)
10
4.7 (4–13)
34.5 (21–52)
31 (21.5–47.3)
11 (4.7–18)
9.6 (3.2–25)
13.7 (7.8–17.3)
14 (8–36)
7 (2.5–19)
19.8 (11.7–27.7)
18.7 (12.5–28.3)
10
4.7 (4–13)
44
53
6
12
13
8
89
13
29
1
6
Thoracic surgery
Breast surgery
Abdominal surgery
Donor nephrectomy
Gynecologic surgery
Prostatectomy
Groin hernia repair
THA/TKA
Iliac crest bone harvest
Mandibular osteotomy
Varicose vein surgery

86 (23–1080)
106 (22–3253)
86 (22–286)
75 (53–359)
90 (36–1135)
95 (24–179)
266 (22–5524)
142 (20–7230)
94.5 (10–414)
20
83.5 (35–126)

2 mo–12 y
2 mo–35 y
1–10 y
1.5 mo–15 y
3–24 mo
2.5–6 mo
1.5 mo–12 y
4 mo–8 y
3 mo–13 y
12 mo
3 mo–11 y

Extreme estimates of PPSP prevalence, by
only stringent and loose criteriac (median,
range)
PPSP prevalence %,
liberal approachb
(median, IQR)
PPSP prevalence %,
conservative approacha
(median, IQR)
Time from surgery
to pain assessment
Sample size, median
no. of patients
(range)
No. of studies used in
PPSP prevalence
calculation
Surgery type

Table 3
Prevalence of PPSP

(Appendix 1)
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No. of studies not
included in PPSP
analysisd

98

was 66% vs 52% after thoracic surgery, 68% vs 74% after breast surgery, 31% vs 45% after hernia surgery, and 6% vs 9% after THA/TKA.
The absolute prevalence of NeuP (number of patients with NeuP as
% of the whole study group) assessed with both approaches is presented in Fig. 3. Phantom breast pain, which fulﬁlls the criteria of
probable NeuP, was assessed in 15 studies in breast surgery section. The mean prevalence of phantom breast pain after mastectomy was 12.4% (range 0–43%).
The types of sensory assessment, upon which it was possible to
grade the NeuP probability, are summarized in Table 4. Objective
sensory testing included any clinical examination to assess sensory
disturbances, including self-examination by patients, as well as
quantitative sensory testing. Only studies that reported the cooccurrence of sensory dysfunction and persistent pain could be
used to estimate the prevalence of probable/deﬁnite NeuP. The
number of studies that evaluated NeuP with other methods, ie,
NeuP-speciﬁc questionnaires (eg, DN4, PainDETECT) or pain
descriptors (descriptive characteristics like burning or pricking
pain, numbness, or the McGill Pain Questionnaire), are also summarized in Table 4. Individual study details, NeuP assessment
methodology, and probability grading, as well as methods for
assessing NeuP that did not meet NeuP grading criteria, are summarized in Appendices 1–11.
4. Discussion
Persistent pain after surgery is common and is often reported as
neuropathic [39]. The results of our study indicate that surgeries
performed in the thoracic/breast area result in similar PPSP prevalences of about 30–35%; bone and joint surgeries in similar PPSP
prevalences of about 20%; and surgeries on abdominal visceral
structures in PPSP of about 10–14%.
4.1. NeuP probability and mechanisms in PPSP
The prevalence of probable/deﬁnite NeuP among patients with
PPSP after thoracic and breast surgeries was very similar, 66%
and 67.7%, respectively. This suggests a high probability of iatro-

Fig. 2. Prevalence of PPSP after 11 types of surgery. Data presented as median,
interquartile percentiles, and ranges of PPSP prevalence by conservative estimation.
Persistent pain after mandibular osteotomy is based on a single study. PPSP,
persistent postsurgical pain; THA, total hip arthroplasty; TKA, total knee
arthroplasty.
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Fig. 3. Neuropathic PPSP prevalence. Comparison of absolute NeuP vs non-NeuP prevalence assessed by NeuP probability grading system and by other methods. The number
of studies/patients based on which the mean prevalence was calculated are provided on the right side of each bar. PPSP, persistent postsurgical pain; NeuP, neuropathic pain;
THA, total hip arthroplasty; TKA, total knee arthroplasty.

Table 4
Summary of pain and sensory function assessment in NeuP.
Surgery type

Thoracic surgery
Breast surgery
Abdominal surgery
Donor nephrectomy
Gynecologic surgery
Prostatectomy
Groin hernia repair
TKA/THA
Iliac crest bone
harvest
Mandibular
osteotomy
Varicose vein
surgery

NeuP assessment methodology (no. of studies)
Objective sensory
testing

NeuP-speciﬁc
questionnaires

Pain
descriptors

No speciﬁc NeuP
assessment

Unclear
methodology

Phantom sensations/
pain

10
21
0
1
2
0
12
4
3

5
2
0
1
0
0
1
3
0

20
25
5
1
7
0
27
2
14

16
6
1
7
4
8
54
7
8

2
2
0
2
1
0
3
1
5

–
18/15
2
–
–
–
–
–
–

3

0

1

0

0

–

3

0

3

1

0

–

NeuP, neuropathic pain; THA, total hip arthroplasty; TKA, total knee arthroplasty.
Note: The total number of studies for each surgical group may exceed the number of included studies because some studies have used more than one methodology to assess
sensory function or NeuP.

genic nerve damage during surgical procedures in the thoracic
area. Indeed, most of the studies refer to perioperative intercostal
nerve damage as the major pain mechanism after thoracic surgery
[6,19,52] and to intercostobrachial nerve injury for ipsilateral axillary and arm pain after mastectomy or axillary lymph node dissection [49,55,59,62], although other pain mechanisms are suggested
after both thoracic [28,54] and breast surgeries [35,61,62].
In patients with PPSP after groin hernia repair, the prevalence of probable/deﬁnite NeuP was 30.5%. After gynecologic
surgery, in one study that estimated probable/deﬁnite NeuP
[11], the prevalence was 33%. These ﬁndings suggest that
NeuP-generating mechanisms after lower abdominal surgeries
exist, although they may not be responsible for most of PPPS
cases. The majority of persistent pain cases after hernia repair
are probably musculoskeletal or caused by hernia recurrence
or retracted testis [31]; however, pain after intraoperative injury
of the ilioinguinal, the iliohypogastric, and the genitalis nerves
have been reported [3,12]. Postherniotomy patients frequently
exhibit sensory disturbances [1,2,4], but the dispute whether
these are due to direct nerve damage or the result of central

sensitization after ongoing peripheral inﬂammatory processes
is still ongoing.
In THA/TKA, despite a rather high PPSP occurrence, the prevalence of probable/deﬁnite NeuP among PPSP patients was only
5.7%. Probable/deﬁnite NeuP prevalence after iliac crest bone harvest, based on limited data, was 16% [20,36]. This suggests that
inﬂammatory components in the muscle or the periosteum seem
to predominate as pain-generating mechanisms in bone and joint
surgeries. Intraoperative nerve damage may occur to peroneal
and tibial nerves during TKA [30], and to sciatic, femoral, and obturator nerves during THA [25], although most of these cases fully recover. Sensory testing could not reveal any speciﬁc type of nerve
injury that correlated with chronic pain after TKA [47].
After sagittal split osteotomy damage to the inferior alveolar
nerve, the long buccal nerve and the lingual nerve have been reported [5], with up to 95% prevalence of inferior alveolar nerve injury and a very high incidence of sensory changes in the immediate
postoperative period [34,48]. However, it is difﬁcult to draw conclusions on the prevalence of NeuP after this surgery because only
one study had systematically identiﬁed NeuP. There were no sufﬁ-
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cient data to estimate the prevalence and the mechanisms of NeuP
after varicose vein surgery, prostatectomy, or donor nephrectomy.
4.2. Challenges in applying the NeuP probability grading system
The classic presentation of NeuP is characterized both in
descriptive terms (eg, burning, pricking pain, or numbness) and
sensory signs (loss or gain of sensation); however, the speciﬁcity
and the sensitivity of these are suboptimal. The pain descriptors
are not considered in the NeuP grading system, but even the sensory signs may in some cases manifest as a consequence of sensitization due to nociceptive/inﬂammatory sensory input. The NeuP
grading system also lacks ‘‘negative scoring’’ or ‘‘negative predicting factors’’ to consider other pain generators, or preexisting pain.
Therefore, pain in the area of sensory abnormality after nerve injury
may occasionally be classiﬁed as probable or deﬁnite NeuP, despite
being of nociceptive origin (eg, ongoing local inﬂammation).
4.3. Alternative methods of NeuP assessment
The methodology to assess NeuP varied across studies. Some
studies have used pain descriptors, NeuP-speciﬁc questionnaires,
or combinations as an alternative or in addition to sensory testing
(Table 4). The comparison of NeuP grading as proposed by Treede
et al. [57] with other methods (Fig. 3) demonstrates that for thoracic
and breast surgeries, the relative prevalence of NeuP among PPSP
cases is similar. However, in PPSP after hernia repair and THA/TKA,
the relative prevalence of NeuP detected by other methods is about
50% higher. This may suggest that descriptive neuropathic features
in these conditions are more frequent than ongoing pain accompanied by objective sensory disturbances in the painful area, and caution should be exercised in interpreting NeuP diagnoses that are
based on pain descriptors. NeuP-speciﬁc questionnaires may also
fail to identify 10–20% of patients with clinician-diagnosed NeuP
[15], and therefore they cannot be used solely as NeuP diagnostic
tools. Some NeuP-speciﬁc questionnaires include sensory examination subscales (assessed by the patient or the clinician)—for example, Douleur Neuropathique en 4 questionnaire (DN4) [9], Leeds
Assessment of Neuropathic Symptoms and Signs (LANSS) [7] and
the self-report S-LANSS tool [8], Neuropathic Pain Questionnaire
(NPQ) [40], PainDETECT questionnaire [22], and Neuropathic Pain
Symptom Inventory (NPSI) [10]. Reporting chronic pain co-occurrence with the sensory disturbance items of these questionnaires
would allow identiﬁcation of probable NeuP cases.
4.4. Methodological considerations in PPSP assessment
This systematic review demonstrated considerable inconsistencies in the deﬁnition and assessment of PPSP. Table 3 illustrates the
pain prevalence differences, derived from the use of stringent or
loose criteria for PPSP. Fig. 2 presents wide PPSP prevalence ranges,
and differences in study design and patient risk factors are likely to
contribute to this variability. A recent large-scale study demonstrated that the methodology of pain assessment may result in a
50% difference in PPSP reporting in the same patient population
[32]. Different follow-up periods may also contribute to the variability; despite few studies demonstrating that PPSP prevalence
may stay unchanged [50] or increase over time [41,42], most longitudinal studies demonstrate a decrease in PPSP prevalence
[14,26,43,53]. The minimal follow-up period after surgery is also
important; some studies have used a chronic pain cutoff period
of 2 months or less; however, recent IMMPACT recommendations
suggest P3 months’ duration requirement for chronic pain [18].
An important epidemiological consideration is the inconsistent
use of the terms incidence and prevalence. Incidence is deﬁned as
the fraction of a group of people initially free of the outcome of

interest that develops the clinical condition over a given period
of time [21], ie, the most correct epidemiological term for PPSP.
There is, however, a considerable diversity in assessing and reporting point or cumulative prevalence vs incidence, which could further contribute to inconsistencies. Reporting cumulative
prevalence may result in overestimation of PPSP, as it incorporates
patients who developed transient pain after surgery.
Another important but largely ignored consideration is the
development of similar types of pain in the general population. Vilholm et al. have demonstrated that in age-matched women who
did not undergo mastectomy, the incidences of chest and shoulder
pain were considerable [60].
4.5. Limitations
Although we undertook a broad literature search strategy, some
of the included studies were not identiﬁed by the primary search
but rather were retrieved from reference lists of other articles.
Therefore, we cannot be certain that we have identiﬁed all the relevant studies.
4.6. Summary and recommendations
This systematic literature review assesses the prevalence of
PPSP and highlights the differences in NeuP prevalence after different surgical procedures. The likelihood of iatrogenic nerve injury
and subsequent NeuP varies among surgical procedures, and these
ﬁndings may have important implications for the prevention and
treatment of this type of chronic pain. However, only in a minority
of studies was it possible to obtain a reliable estimate of a neuropathic component in PPSP. Moreover, we emphasize the lack of
uniformity in reporting the prevalence and characteristics of
PPSP—a consequence of methodological inconsistencies among
studies. One of the most comprehensive deﬁnitions, proposed by
Macrae [45], classiﬁes PPSP as ‘‘pain developed after surgery and
of at least 2 months’ duration, when other causes of pain have been
excluded, and the possibility that the pain is continuing from a preexisting problem were explored and excluded.’’ It was used in
some of the studies; however, its requirements may be extremely
challenging to apply in clinical studies, especially in retrospective
ones. Moreover, a recent article indicated that many studies
reporting using this deﬁnition did not use appropriate methodology to fulﬁll its criteria [32].
On the basis of our ﬁndings, we suggest considering the following requirements in future studies aiming to investigate the incidence of neuropathic PPSP. The deﬁnition of PPSP should include
a temporal and anatomical relationship to surgery. Pain should
be considered PPSP if it has developed after surgery, persists for
more than 3 months after surgery, and is present in the operated
area or in the corresponding innervation territory. The studies
should report the intensity of pain, the percentage of patients with
persistent pain, and co-occurrence of pain with objective sensory
disturbances. Finally, the functional impairment caused by PPSP,
although beyond the scope of this article, is another important aspect that has been repeatedly recommended for capturing the full
picture of disability caused by PPSP [38].
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