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GLOSSARY
AAS = Activity Assessment Scale; CI = confidence interval; NRS = numerical rating scale; OR 
= odds ratio; PPSP = persistent postsurgical pain; PRISMA = Preferred Reporting Items for 
Systematic Reviews and Meta-analyses; PROSPERO = International Prospective Register of 
Systematic Reviews; QST = quantitative sensory testing; QUIPS = Quality In Prognosis Studies; 
SD = standard deviation; VAS = visual analog scale; WOMAC = Western Ontario and McMaster 
Universities osteoarthritis index

Chronic pain after surgery, referred to as per-
sistent postsurgical pain (PPSP), is a condi-
tion leading to significant disease burden and 

reduced quality of life in affected individuals.1 PPSP is 
typically recognized as pain that: (1) lasts >3 months 
after surgery; (2) is not present before surgery or has dif-
ferent characteristics or increased intensity compared 
to preoperative pain; (3) is localized to the surgical site 
or a referred area; and (4) cannot be attributed to other 
causes.2–4 The condition is common, with incidence 
estimates ranging from 10% to 50% of all postsurgical 
patients.2,5 PPSP can occur after any type of surgical 
procedure, but high-risk procedures include breast sur-
gery, thoracotomy, limb amputation, and inguinal her-
nia repair.2,5 PPSP is relatively refractory to treatment,6 
and a better understanding of which patients are likely 
to develop PPSP would help to identify those patients 
in whom perioperative and postoperative pain man-
agement may require special attention.3

Quantitative sensory testing (QST) refers to the 
recording of the sensation to different standardized 
stimuli to obtain measures of sensory processing. 
Testing is typically performed on skin, mucosa, or 

Persistent postsurgical pain (PPSP) is a common complication of surgery that significantly affects 
quality of life. A better understanding of which patients are likely to develop PPSP would help to 
identify when perioperative and postoperative pain management may require specific attention. 
Quantitative sensory testing (QST) of a patient’s preoperative pain perception is associated with 
acute postoperative pain, and acute postoperative pain is a risk factor for PPSP. The direct associa-
tion between preoperative QST and PPSP has not been reviewed to date. In this systematic review, 
we assessed the relationship of preoperative QST to PPSP. We searched databases with compo-
nents related to (1) preoperative QST; (2) association testing; and (3) PPSP. Two authors reviewed 
all titles and abstracts for inclusion. Inclusion criteria were as follows: (1) QST performed before 
surgery; (2) PPSP assessed ≥3 months postoperatively; and (3) the association between QST mea-
sures and PPSP is investigated. The search retrieved 905 articles; 24 studies with 2732 subjects 
met inclusion criteria. Most studies (22/24) had moderate to high risk of bias in multiple quality 
domains. Fourteen (58%) studies reported a significant association between preoperative QST 
and PPSP. Preoperative temporal summation of pain (4 studies), conditioned pain modulation (3 
studies), and pressure pain threshold (3 studies) showed the most frequent association with PPSP. 
The strength of the association between preoperative QST and PPSP varied from weak to strong. 
Preoperative QST is variably associated with PPSP. Measurements related to central processing of 
pain may be most consistently associated with PPSP.  (Anesth Analg 2020;131:1146–55)
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muscle tissue, and stimuli can include heat and cold, 
pressure, pinprick, vibration, or electrical current.7,8 To 
test endogenous analgesia (conditioned pain modula-
tion), pain perception can be measured before and after 
the application of a conditioning stimulus.9 Another 
presumed measurement of central pain processing is 
the temporal summation of pain (“wind-up” phenom-
enon10), which is measured by determining the per-
ception of pain to a brief series of repetitive stimuli.11

Previous systematic reviews have found that 
patients who preoperatively perceive more pain on 
QST (hyperalgesia) or have impaired endogenous 
analgesia experience more acute postoperative 
pain.12,13 Higher acute postoperative pain has been 
shown to be a risk factor for the development of 
PPSP.5,14 Along these lines, it has been suggested that 
preoperative QST may be useful to predict PPSP clini-
cally.15 However, the specific relationship between 
preoperative QST and PPSP has not been systemati-
cally reviewed to date.

Because of the strong relationship between preop-
erative QST measures and acute postoperative pain,12 
we hypothesized that preoperative QST measures are 
strongly associated with PPSP. The aim of this study 
was to systematically review the literature on the rela-
tionship of preoperative QST measures to PPSP devel-
opment. If preoperative QST measures have a strong 
association with PPSP outcome, this would facilitate 
targeted studies on perioperative and postoperative 
pain management strategies to assess if PPSP can be 
prevented in individuals at high risk.

METHODS
The systematic review was conducted according to 
Preferred Reporting Items for Systematic Reviews 
and Meta-analyses (PRISMA) guidelines.16 The pro-
tocol was registered in the International Prospective 
Register of Systematic Reviews (PROSPERO)17 under 
registration number: CRD42020137545.

Literature Search
On December 30, 2019, we searched Medline and 
Embase for indexed original articles investigating 
the association between preoperative QST measures 
and PPSP using a search string including elements 
of QST, association testing, and PPSP. The structured 
search strategy was designed in Medline before the 
final search and subsequently applied to Embase. 
The full-search strategy is available in Supplemental 
Digital Content, Table 4, http://links.lww.com/AA/
D88. The reference lists of the included studies were 
reviewed for additional relevant studies.

Studies were included if (1) study design was 
prospective; (2) QST was performed before surgery; 
(3) PPSP was assessed ≥3 months after surgery; 
and (4) the association between QST and PPSP was 

investigated using correlation or regression analysis. 
We used the inclusion criterion regarding correlation 
or regression analysis because correlation and regres-
sion analyses provide information on association of 
QST with PPSP, whereas a comparison of mean QST 
values (patients with PPSP versus without PPSP) 
does not. Studies were excluded only if the article was 
not published in English. No restrictions were placed 
on the population of study because no studies to date 
have clearly demonstrated that preoperative QST was 
more informative of postoperative pain in the context 
of a particular surgery type over another.12,18

Studies using QST with any type of a controlled 
sensory stimulus were included as well as studies 
including measurements of conditioned pain modu-
lation and temporal summation of pain. We included 
studies using outcomes exclusively measuring pain 
(eg, visual analog scale [VAS]19 and numerical rat-
ing scale [NRS]19), as well as studies in which PPSP 
was assessed by means of pain-associated functional 
impairment (eg, Western Ontario and McMaster 
Universities Arthritis Index [WOMAC]20 and Activity 
Assessment Scale [AAS]21). Our rationale for includ-
ing both types of outcome measures was that PPSP 
was assessed by many research groups22–26 in terms 
of its impact on functioning, and a comprehensive 
assessment of PPSP was in line with our clinical vision 
on the diagnosis of PPSP and its treatment.27

Study Selection
Two reviewers (N.v.H. and H.M.A.) independently 
screened for eligible studies by assessing title and 
abstract. If one reviewer deemed a study potentially 
relevant for inclusion, the full text was assessed for eli-
gibility. Subsequently, all full texts were assessed for 
inclusion. In case of a disagreement, consensus was 
reached through discussion between the 2 reviewers. 
If consensus was not reached on initial discussion, 
a third reviewer (H.T.) was consulted, which led to 
agreement in all assessments.

Data Extraction
Predefined data extraction included primary author, 
country of investigation, year of publication, sam-
ple size, demographic information, surgical proce-
dure, type of QST measurement(s), method of QST 
measurement(s), PPSP outcome, statistical analysis 
method(s), and the results from association testing 
between preoperative QST and PPSP. Association 
strength between preoperative QST and PPSP was 
classified as weak (−0.1 to −0.3), moderate (−0.3 to 
−0.5), or strong (−0.5 to −1.0) based on the correlation 
coefficient or coefficient of determination. For coeffi-
cients of determination, we calculated the square root 
(R) of the coefficient of determination (R2) for classifi-
cation of the strength of association.

http://links.lww.com/AA/D88
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Quality Assessment
Hayden et al28 previously identified 6 important 
areas when evaluating validity and bias in studies of 
prognostic factors: study participation, study attri-
tion, prognostic factor measurement, confounding 
measurement and controlling for confounding, out-
come measurement, and analysis and reporting. The 
refined version of the Quality In Prognosis Studies 
(QUIPS) tool29 (Supplemental Digital Content, Table 
5, http://links.lww.com/AA/D88), based on the 
aforementioned 6 factors, was used to evaluate study 
quality in the present review. We chose the QUIPS 
tool because it had been widely used in the context 
of pain research.30–34 Initial assessments of all studies 
were made independently by 2 reviewers (N.v.H. and 
H.M.A.). In case of a disagreement in quality assess-
ment, consensus was reached through discussion 
between the 2 reviewers. If consensus was not reached 
on initial discussion, a third reviewer (H.T.) was con-
sulted, which led to agreement in all assessments.

Data Analysis Plan
We planned to perform a systematic review by descrip-
tively presenting the results of the source studies per 
type of surgery. Meta-analysis was not anticipated 
because there was no globally accepted standardized 
QST measurement protocol and methods were known 
to vary substantially between research groups.35

RESULTS
Included Studies
The systematic literature search identified 905 stud-
ies. Twenty-four studies22–26,36–54 with a total of 1551 
female and 1302 male subjects were included in this 
review (Figure  1;  Supplemental Digital Content, 
Table 1, http://links.lww.com/AA/D88). There were 
10 studies on orthopedic surgery,22–24,38–44 4 on gyne-
cological surgery,36,37,49,52 3 on abdominal surgery,25,45,53 
2 on thoracic surgery,46,54 2 on lumbar discectomy,26,48 
1 on breast cancer surgery,47 1 on limb amputation,50 
and 1 study on carpal tunnel release.51

Demographic, clinical data, tested QST variables, 
and main findings are presented in Supplemental 
Digital Content, Table 1, http://links.lww.com/AA/
D88. There is substantial heterogeneity in QST mea-
surement methods, and detailed QST methods per 
study are described in Supplemental Digital Content, 
Table 2, http://links.lww.com/AA/D88.

Quality Assessment
Quality assessment of the included studies is pre-
sented in Supplemental Digital Content, Table 3, 
http://links.lww.com/AA/D88. Reviewers initially 
agreed on 80% of the assessments, and consensus 
was subsequently reached for all studies. The 6 bias 
domains included in the QUIPS quality assessment 

tool for the 24 studies (24 × 6 = 144 scores in total) were 
deemed to be at low risk for bias 54 times (37.5%), at 
moderate risk for bias 74 times (51.4%), and at high 
risk for bias 16 times (11.1%).

Orthopedic Surgery
There were 10 studies in orthopedic surgery (in total 
665 males and 830 females) that reported a correla-
tion or regression analysis between preoperative 
QST measurements and PPSP22–24,38–44 (Supplemental 
Digital Content, Table 1, http://links.lww.com/AA/
D88;   Figure  2). The mean age of patients in these 
studies ranged from 45 to 69 years. Seven studies 
reported on total knee replacement surgery,22,38–43 
2 studies reported on both total knee replacement 
surgery and total hip replacement surgery,23,24 and 
1 study reported on shoulder surgery.44 A variety 
of QST modalities were used (Supplemental Digital 
Content, Table 2, http://links.lww.com/AA/D88), 
including electrical,38 cold,39,42,44 heat,22,39,42,44 pres-
sure,22–24,39–41,43 and mechanical (pinprick) stimula-
tion,44 as well as measurements of conditioned pain 
modulation40,41,43 and temporal summation of pain.40–

42 Of the 10 studies, 7 reported a significant correla-
tion or association between preoperative QST and 
PPSP.22,23,38,40–43 Six out of these 7 studies were con-
ducted in total knee replacement surgery patients. 
Preoperative conditioned pain modulation,43 tem-
poral summation of pain,40,42 as well as electrical,38 
heat,42 and pressure22,40 thresholds were found to be 
associated with PPSP assessed at 6–18 months after 
surgery. One study that assessed preoperative pres-
sure pain thresholds both in total knee and total 
hip replacement surgery found an association with 
pain 12 months after surgery in the hip replacement 
cohort, but not in the knee replacement cohort.23 
Different outcomes of PPSP in the analyses of stud-
ies with significant findings included: a binary out-
come of <1 or >1 mm on 100-mm VAS pain score at 18 
months postoperatively,38 the continuous VAS pain 
score at 12 months postoperatively,40,42 the percentage 
difference between preoperative and 12-month post-
operative pain on VAS,41 the percentage difference 
between preoperative and 6-month postoperative 
NRS pain score,43 and a WOMAC 0–20 pain subscale 
converted to a 0–100 scale at 12 months postopera-
tively.22,23 The reported strength of the relationships 
of preoperative QST with PPSP ranged from weak 
to strong (Supplemental Digital Content, Table 1, 
http://links.lww.com/AA/D88). Four out of 7 stud-
ies that reported significant relationships in univari-
ate analyses also found significant relationships in a 
multivariate analysis.23,38,41,42 These studies found sig-
nificant relationships among preoperative temporal 
summation of pain, pressure pain threshold, or elec-
trical pain threshold and PPSP.

http://links.lww.com/AA/D88
http://links.lww.com/AA/D88
http://links.lww.com/AA/D88
http://links.lww.com/AA/D88
http://links.lww.com/AA/D88
http://links.lww.com/AA/D88
http://links.lww.com/AA/D88
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Gynecological Surgery
There were 4 studies in gynecological surgery (in total 
400 patients) that reported a correlation or regression 
analysis between preoperative QST measurements 
and PPSP (Supplemental Digital Content, Table 1, 
http://links.lww.com/AA/D88; Figure  2).36,37,49,52 
The mean age of patients in the gynecological sur-
gery studies ranged from 24 to 49 years. Two stud-
ies reported on hysterectomy,36,52 1 study reported on 
laparoscopy for the indication of pelvic pain,49 and 1 
study included vestibulectomy patients.37 QST mea-
sures of heat,37 pressure,36 and mechanical (pinprick) 
stimulation49 were used, as well as a measurement 

of temporal summation of pain36,52 (Supplemental 
Digital Content, Table 2, http://links.lww.com/AA/
D88). Two of the 4 studies reported a significant asso-
ciation with PPSP. Preoperative measurement of tem-
poral summation of pain was related to pain 6 months 
after hysterectomy,52 and tonic heat pain was found to 
be related to pain improvements in vulvar pain during 
intercourse 8 months after vestibulectomy.37 In the lat-
ter study, improvement was defined as a binary out-
come with at least a 30% perceived positive change; 
a 1 mm lower score on a 100-mm VAS score during 
heat pain was associated with an odds ratio (OR) of 
1.03 (95% confidence interval [CI], 1.004–1.065) of 

Figure 1. PRISMA16 flow diagram. PPSP indicates persistent postsurgical pain; PRISMA, Preferred Reporting Items for Systematic Reviews and 
Meta-analyses; QST, quantitative sensory testing.

Figure 2. Number of studies with significant 
associations between preoperative quantita-
tive sensory testing and persistent postsurgi-
cal pain across different surgical subtypes.

http://links.lww.com/AA/D88
http://links.lww.com/AA/D88
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achieving this outcome.37 In the hysterectomy study, 
PPSP was defined as a pain score ≥3 on the NRS at 
6 months postoperatively and stepwise increments in 
preoperative temporal summation of pain were asso-
ciated with this outcome in a multivariate model (OR, 
1.078; 95% CI, 1.041–1.117).52

Abdominal Surgery
There were 3 studies in abdominal surgery (in total 
458 males and 14 females, skewed gender balance 
because of a large hernia repair study) that reported a 
correlation or regression analysis between preopera-
tive QST measurements and PPSP25,45,53 (Supplemental 
Digital Content, Table 1, http://links.lww.com/AA/
D88; Figure 2). One study assessed hernia repair sur-
gery (open or laparoscopic),25 1 study assessed lapa-
roscopic triple neurectomy surgery,45 and 1 study 
assessed open gastrointestinal surgery.53 The mean 
age of patients in these studies was comparable (55,25 
47,45 and 5353 years, respectively). Preoperative QST 
measurements consisted of electrical,53 cold,45 heat,25,45 
pressure,45,53 and mechanical (pinprick) stimulation,45 
and measurements of conditioned pain modulation53 
and temporal summation of pain45 were used as well 
(Supplemental Digital Content, Table 2, http://links.
lww.com/AA/D88). Two of the 3 studies reported 
statistically significant relationships between preop-
erative QST measurements and PPSP.25,53 Conditioned 
pain modulation before gastrointestinal surgery dem-
onstrated a strong correlation (Pearson correlation; r 
= 0.68; P = .02) with pain on VAS 6 months postopera-
tively.53 Tonic heat pain intensity before hernia repair 
surgery was related to PPSP 6 months postoperatively 
(OR in multivariate model: 1.3; 95% CI, 1.2–1.6).25 
This OR represents a per point change on a 0–10 pain 
scale during tonic 47°C stimulation with a binary out-
come of PPSP at 6 months postoperatively, which was 
defined as a score of ≥8.3 on the AAS, which indicates 
moderate or severe impairment of activities due to 
PPSP.25

Thoracic Surgery
Two of the included studies were conducted in thoracic 
surgery patients (in total 80 males and 24 females).46,54 
Grosen et al46 studied 42 young males (average, 19 
years; range, 17–23 years) undergoing minimally 
invasive pectus excavatum repair, while Yarnitsky 
et al54 studied older thoracotomy patients (mean, 62 
years; standard deviation [SD], 14 years). Grosen et 
al46 performed pressure QST testing and conditioned 
pain modulation testing, whereas Yarnitsky et al54 per-
formed thermal QST measures and conditioned pain 
modulation testing. A relationship between preopera-
tive conditioned pain modulation and postoperative 
pain 7 months after thoracotomy was found in the lat-
ter study in a multivariate logistic regression model. 

Conditioned pain modulation was calculated as the 
difference in pain rating between 2 identical 30-sec-
ond heat stimuli on the volar forearm, either with or 
without immersion of the contralateral hand in a hot 
water bath (the conditioning stimulus). Conditioned 
pain modulation was expressed as “efficiency,” mean-
ing that a reduction in pain rating during the condi-
tioning stimulus was expressed as a positive value. A 
higher level of conditioned pain modulation efficiency 
was associated with an OR of 0.52 (95% CI, 0.33–0.77) 
for PPSP, indicating a halved risk per 10-point step 
on the −100 to 100 conditioned pain modulation effi-
ciency scale. It is unclear if and what specific cutoff 
score was used to define if a patient was suffering 
from PPSP at the long-term follow-up visit.

Lumbar Discectomy
Two of the included studies were conducted in lum-
bar discectomy patients (in total 53 males and 39 
females).26,48 Patients were of comparable age between 
these 2 studies (mean age of 4048 and 3826 years). Both 
studies used a microscopic surgical technique for 
the discectomies. Hegarty and Shorten48 performed 
electrical QST testing, whereas Nygaard et al26 per-
formed cold and heat QST measurements, as well as 
measurements of vibration perception threshold. In a 
univariate analysis, Nygaard et al26 found a relation-
ship of modest strength (R2 = 0.13; P = .03) between 
baseline warm detection threshold and a composite 
clinical overall score55 that included pain, symptoms, 
and signs at 1 year after surgery, whereas Hegarty and 
Shorten48 did not find any significant associations.

Other Surgery
The remaining 3 studies included patients undergo-
ing breast cancer surgery (124 females; mean age, 
57 years),47 limb amputation (14 females/21 males; 
mean age, 71 years),50 and carpal tunnel release (106 
females/25 males; mean age, 54 years).51 Using a mul-
tivariate analysis, the study by Roh et al51 identified a 
modest relationship (partial R2 = 0.11; P = .02) between 
preoperative pressure pain thresholds at the volar 
forearm and NRS pain scores 3 months after carpel 
tunnel release. This relationship was not found with 
the 6- or 12-month follow-up pain scores. The studies 
in breast cancer surgery and limb amputation patients 
did not report significant associations between preop-
erative QST and PPSP.

Integration of Results Across All Surgery 
Subtypes
Across all 24 studies in all surgery subtypes, 14 (58%) 
found a relationship between preoperative QST mea-
sures and PPSP22,25,26,38,40–43,51–54 (Supplemental Digital 
Content, Table 1, http://links.lww.com/AA/D88;  
Figure  2). Most significant associations were found 

http://links.lww.com/AA/D88
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in studies in orthopedic surgery,22,38,40–43 followed by 
gynecological37,52 and abdominal surgery,25,53 thoracic 
surgery,54 lumbar discectomy,26 and carpal tunnel 
release.51 The QST measures most frequently asso-
ciated with PPSP included temporal summation of 
pain (4 studies40–42,52), conditioned pain modulation (3 
studies43,53,54), pressure pain threshold (3 studies22,23,51), 
followed by warm detection threshold (2 studies26,42), 
electrical detection threshold (1 study38), electrical 
pain threshold (1 study38), and tonic pain (1 study37) 
(Supplemental Digital Content, Table 1, http://links.
lww.com/AA/D88; Figure 3). Temporal summation 
of pain was the only QST parameter with more signif-
icant than nonsignificant associations with PPSP in 
the different studies in which it was tested.36,40–42,45,47,52 
The strength of the relationship between preopera-
tive QST and PPSP was extracted from only 9 stud-
ies because 5 studies only reported ORs.25,37,52,54 The 
strength of the associations was equally distributed 
across the predefined weak,40–42 moderate,22,26,51 and 
strong categories.38,43,53 QST parameters with weak, 
moderate, and strong associations with PPSP are 

displayed in Supplemental Digital Content, Table 1, 
http://links.lww.com/AA/D88 and Figure 4.

DISCUSSION
Principal Findings
Our study adds to prior existing work by providing a 
systematic literature review assessment of the specific 
relationship between preoperative QST measures of 
pain processing and the development of PPSP. QST 
was found to be variably associated with PPSP. The 
significant associations that were reported occurred 
in different surgical populations and for various QST 
measures. Pressure pain thresholds, conditioned pain 
modulation, and temporal summation of pain were 
among the most frequently PPSP-associated QST 
measures. Ninety-two percent of the included stud-
ies22–24,26,37–54 were found to have moderate or high risk 
of bias in multiple quality domains.

Comparable Systematic Reviews
Werner et al12 conducted a systematic review on the 
prediction of postoperative pain using preoperative 
QST. They included both studies with acute and late 

Figure 3. Number of studies with significant associations between preoperative quantitative sensory testing and persisting postsurgical pain 
across different quantitative sensory testing measures.

http://links.lww.com/AA/D88
http://links.lww.com/AA/D88
http://links.lww.com/AA/D88


Copyright © 2020 International Anesthesia Research Society. Unauthorized reproduction of this article is prohibited.
1152   www.anesthesia-analgesia.org aNeStHeSia & aNalGeSia

Quantitative Sensory Testing and Persistent Pain

end points; of the 14 studies included, 2 reported on 
PSPP (>3 months after surgery).38,54 Their main con-
clusions were as follows: (1) preoperative QST may 
predict 4%–54% of the variance in acute postopera-
tive pain depending on the stimulation modality and 
the testing paradigm; (2) the predictive strength of 
individual preoperative QST factors for acute post-
operative pain is higher than the previously reported 
single demographic or psychological risk factors; and 
(3) increased preoperative sensitivity on QST may be 
associated with a higher risk of PPSP development. 
We focused exclusively on the association between 
preoperative QST and PPSP in this review, and 18 of 
24 studies were published after the review by Werner 
et al.12 The 2 PPSP studies included in the Werner et 
al12 review both reported very substantial ORs of PPSP 
development (9.238 and 0.5254) with stepwise changes 
in preoperative QST measures. In contrast to Werner 
et al,12 we systematically assessed the strength of asso-
ciation between preoperative QST and PPSP through 
evaluation of correlation coefficients and coefficients 
of determination and found the associations in posi-
tive studies to be weak,40–42 moderate,22,26,51 and 
strong38,43,53 in similar frequencies.

Recently, Sangesland et al18 conducted a system-
atic review on the relationship between preoperative 
QST measures and postoperative pain. They did not 

specifically study acute postoperative pain or PPSP, 
but 12 of 30 (40%) of the studies included pain out-
come measurements at time points consistent with 
PPSP.23,25,38–41,43,44,46,49,53,54 These studies were also iden-
tified in the present review. The main conclusions of 
the study by Sangesland et al18 were as follows: (1) 
most studies showed moderate to high risk of bias; (2) 
most QST variables demonstrated no consistent corre-
lation with pain after surgery; and (3) QST measures 
assessing suprathreshold pain or measures of central 
processing such as conditioned pain modulation and 
temporal summation of pain showed the most prom-
ising correlations. The study did not report specific 
conclusions related to the association of preoperative 
QST measures with PPSP, but the overall variable 
relationship between preoperative QST measures 
and postoperative pain is in line with our results. 
Consistent with the reported conclusion on measures 
of central processing of pain being most associated 
with postoperative pain, we found that conditioned 
pain modulation and temporal summation of pain 
were among the most frequently PPSP-associated 
QST measures.

Contrary to the reviews by Werner et al12 and 
Sangesland et al,18 our study was the first to focus 
exclusively on the relationship between preoperative 
QST and PPSP. Several important studies on the rela-
tionship between preoperative QST and PPSP have 
been published since the reviews by Werner et al12 
and Sangesland et al.18,24,42,47,51,52 In addition, our search 
was focused on PPSP specifically and revealed mul-
tiple earlier articles that were not identified in these 
previous reviews.22,26,36,37,45,48,50 Taken together, this 
allowed us to review 24 studies on the relationship 
between preoperative QST and PPSP, whereas Werner 
et al12 and Sangesland et al18 included 2 and 12 studies 
assessing this relationship, respectively. Importantly, 
we found that only 58% of studies found a significant 
relationship between different preoperative QST mea-
sures and PPSP. The strength of this relationship varied 
from weak to strong. The findings of this review, thus, 
do not support the use of QST in clinical care at pres-
ent to predict PPSP in patients scheduled for surgery.

Neither our review nor the reviews by Werner et 
al12 or Sangesland et al18 were designed to assess if 
there is a difference in association between preopera-
tive QST measures and acute postoperative pain ver-
sus preoperative QST measures and PPSP. However, 
the overall findings from the 3 studies suggest that 
the relationship between preoperative QST and pain 
is stronger at earlier time points after surgery versus 
later ones. Werner et al12 included mostly studies con-
cerning acute postoperative pain and found many 
strong relationships between preoperative QST and 
postoperative pain. On the other hand, Sangesland 
et al18 included a substantial amount of studies with 

Figure 4. Association strength between preoperative quantitative 
sensory testing and persistent postsurgical pain. Associations were 
classified as weak (−0.1 to −0.3),40–42 moderate (−0.3 to −0.5),22,26,51 
or strong (−0.5 to −1.0)38,43,53 based on the reported correlation coef-
ficient or coefficient of determination. QST indicates quantitative sen-
sory testing.
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PPSP end points and found mixed results, consis-
tent with the present study focusing on PPSP exclu-
sively. Early postoperative pain is believed to be an 
important risk factor for PPSP. The transition of acute 
postoperative pain to PPSP has been attributed to 
neuroplastic changes in the dorsal horn, reorganiza-
tion of brain structures and connectivity, and/or loss 
of endogenous pain modulation.14 However, the asso-
ciation of acute postoperative pain with PPSP and the 
strength of association may vary between surgical 
procedures.5,56

Research and Clinical Implications
The results from this systematic review indicate that 
preoperative temporal summation of pain, condi-
tioned pain modulation, and pressure pain threshold 
were most frequently associated with PPSP develop-
ment. It is interesting to note that 10 out of the 14 stud-
ies that reported significant findings were conducted 
in populations who likely had experienced pain for 
a substantial time before surgery.22,23,26,37,38,40–43,51,52 It 
is possible that in these patients, ongoing peripheral 
nociceptive input may have induced sensitization of 
central pain pathways preoperatively, thus allowing 
for preoperative QST to more effectively identify the 
patients at risk of PPSP development. A preoperatively 
sensitized central pain processing in these patients is 
illustrated by the associations of preoperative tem-
poral summation of pain40–42,52 and conditioned pain 
modulation43,53,54 with PPSP in this review. In addi-
tion, the significant associations between preoperative 
pressure pain threshold and PPSP that were found in 3 
studies22,23,51 were consistent with preoperative central 
sensitization as well, considering that the pressure pain 
threshold was measured distant (volar forearm) from 
the surgical site in all studies (Supplemental Digital 
Content, Table 2, http://links.lww.com/AA/D88). In 
a study by Wylde et al22 in total knee prosthesis sur-
gery patients, pressure pain thresholds were measured 
preoperatively both at the affected knee and the right 
volar forearm, but only the forearm measurement was 
associated with WOMAC scores at 1 year postopera-
tively. Along these lines, it would seem worthwhile 
to focus future research efforts on preoperative QST 
measurements of central pain processing, especially in 
patients who have suffered from pain preoperatively 
for some time. In patients who have not suffered from 
substantial pain preoperatively, early changes in pain 
in response to surgery (<1 week after surgery) as 
assessed with QST may be more consistently associ-
ated with PPSP development.57

Methodological Considerations
It is important to note that most of the studies in this 
review were found to have moderate or high risk 
of bias in multiple quality domains.22–24,26,37–54 The 

majority of studies in this review (20/24, 83%) did not 
assess a relationship between preoperative QST mea-
sures and PPSP as a prespecified primary hypothesis 
with an associated power calculation.22–26,36–45,48,50,52–54 
In addition, many studies assessed a multitude 
of relationships in a limited number of subjects. 
Although several studies reported using correction 
for multiple testing related to pairwise compari-
sons,39–41,43,44,53 only 1 study reported a correction for 
multiple correlation testing.45 These conditions allow 
for the possibility that some negative findings con-
cerning a relationship between preoperative QST 
and PPSP are type II errors or that some positive 
findings are type I errors.58,59 Finally, the associations 
in all studies were based on explanatory analyses in 
the entire study cohort without validation testing in 
an independent cohort. To establish any preopera-
tive QST measurement as a clinically useful prospec-
tive predictor of PPSP, future studies should either 
focus on validating previously established associa-
tions or include both model development and vali-
dation cohorts for analysis.60,61 Such studies would 
also help in assessing if there is potentially causal-
ity between findings on preoperative QST and PPSP 
development.

A limitation that pertains to the present study is a 
lack of meta-analysis of relationships. QST methods 
vary widely between research groups, which limits 
the generalizability of our conclusions to the specific 
methods used and their associations. We attempted to 
provide a comprehensive overview of the specific QST 
methods used in each study through Supplemental 
Digital Content, Materials, http://links.lww.com/
AA/D88, to allow for identification of the exact stim-
ulation modality, testing site, and testing paradigm 
in each included study. Harmonization of protocols 
across international research groups would assist 
in effective investigation of the association between 
preoperative QST and PPSP. In addition, it would be 
helpful to consistently incorporate other risk factors 
that may be associated with PPSP, such as psychologi-
cal factors,62 genetic susceptibility,63 and preoperative 
pain64 in future protocols to assess if QST measures 
are truly independently associated with PPSP.

CONCLUSIONS
Preoperative conditioned pain modulation, tempo-
ral summation of pain, and pressure pain threshold 
were most frequently significantly associated with 
PPSP with variable strengths of association. Most 
of the included studies were found to have moder-
ate or high risk of bias in multiple quality domains. 
To facilitate the potential use of preoperative QST in 
clinical prediction of PPSP, high-quality prospective 
studies with independent validation cohorts are war-
ranted. E

http://links.lww.com/AA/D88
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