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Abstract

. Studies have suggested that quantitative semssting (QST) might hold a predictive value for
development of chronic postoperative pain and éspanse to pharmacological interventions.
This review systematically summarizes the curreidence on the predictive value of QST for
chronic postoperative pain and the effect of phaotaical interventions. The main outcome
measures were posttreatment pain intensity, pef,reresence of moderate-to-severe
postoperative pain, responders of 30% and 50%reéét or validated questionnaires of pain and
disability.

A systematic search of MEDLINE and EMBASE vyieldégistudies on surgical interventions and
11 on pharmacological interventions. Seventeeniclrgnd 11 pharmacological studies reported
an association between preoperative or pre-treat@®m and chronic postoperative pain or
analgesic effect. The most commonly assessed Q$lalities were pressure stimuli (17 studies),
temporal summation of pain (TSP, 14 studies) amdlitioned pain modulation (CPM, 16 studies).
Of those, the dynamic QST parameters TSP (50%C&Hd (44%) were most frequently
associated with chronic postoperative pain andgasad effects. A large heterogeneity in methods
for assessing TSP (n=4) and CPM (n=7) was foune@r&ly most studies demonstrated low-to-
moderate levels of risk of bias in study desigtrjtain, prognostic factors, outcome, and statatic

analyses.



This systematic review demonstrates that TSP arM §l®w the most consistent predictive values
for chronic postoperative pain and analgesic effaat the heterogeneous methodologies reduce the

generalizability and hence call for methodologmaidelines.

Keywords: Quantitative sensory testing, chronimpeahronic postoperative pain, analgesic effect

Introduction

Chronic pain is a major problem in the adult popata[18] and treatment is difficult due to the
limited amount of available, efficient drugs ane timdesired side effects. It is evident that ctoroni
postoperative pain is present in 10-50% of patiéaitswing different surgical treatments [49,89]
and the effect of available pharmacological treattmeemains low [29,88]. Identifying patients
responding to standard pain treatments is warraagexdstart to implement individualized pain

treatment.

Quantitative sensory testing (QST) can be combusag different sensory stimuli, and multiple
QST protocols have been developed to probe theitgat specific nerve fibre populations and as
proxies for spinal and pain modulatory function$,84]. Most QST protocols allow the assessment
of thermal, electrical, tactile, or pressure pawdatlities [12,23,35,84,104]. Reduced pain
thresholds or increased sensory intensity ratisgessed at a local painful site mainly reflect
modality-specific peripheral hyperalgesia wheresseasments distant to a painful site may reflect
widespread hyperalgesia as a surrogate measueawékhypersensitivity [10,34]. Studies have
found reduced pressure pain thresholds at digés 8 the knee in patients with knee osteoarshriti
[8,37], increased sensitivity to thermal and meetel stimuli in a subgroup of patients with
neuropathies [83,101], and reduced electrical gagsholds at the dorsal pancreatic referred

dermatomes and at distant dermatomes in patiethisciwionic pancreatitis [55] compared with



pain-free subjects. These studies indicate thatetipain patients of different aetiologies show

generalised widespread hyperalgesia [7].

Dynamic QST protocols have been developed to ephe central wind-up process using the
proxy temporal summation of pain (TSP) [34]. Faaikd TSP has been reported across multiple
chronic pain disorders such as osteoarthritis [fli@pomyalgia [36], irritable bowel syndrome [7],
and in subgroups of patients with neuropathic p@®). Aspects of descending pain inhibitory
control can most likely be mechanistically evaldatising the human proxies of conditioned pain
modulation (CPM) [109], exercise-induced hypoalgdgiL], or offset analgesia [44] protocols.
Impaired CPM has been reported in several chroaifil conditions when compared with pain-
free subjects [7,109]. Exercise-induced hypoalgssems functional in asymptomatic subjects [95—
98] and impaired in different pain populations EZB68,94]; although the current literature is
inconclusive [19,28,94]. Similarly, offset analgeseems functional in asymptomatic subjects [44]

and impaired in patients with chronic pain [92].

Studies have suggested a possible association éepveoperative QST parameters and chronic
postoperative pain [47,56,75] and that pretreatr@Sit may predict the analgesic effect of
pharmacological interventions [76,112]. Previoustesnatic reviews [2,38,46,86,103] have
investigated the predictive value of QST on postaipee pain, the most recent in 2017 [86], and
the predictive value of QST on the analgesic effénet most recent in 2013 [38]. The most recent
review from 2017 on surgical studies [85] indicatiedt preoperative QST mainly predicts chronic
postoperative pain but not acute postoperative. gesmmultiple studies have been published since
2017, this review systematically summarizes theeruiiterature on the possible predictive role of
QST on 1) chronic postoperative pain and 2) thdégasa effect of pharmacological interventions

in patients with chronic pain.



Methods

In accordance with the Preferred Reporting ItemsSistematic Reviews and Meta-Analyses
(PRISMA) statement, this systematic review investgd the predictive role of QST on chronic
postoperative pain and the analgesic effect ofrphaological interventions in patients with chronic
pain. The systematic review has been registerai@@pen Science Framework website (OSF.10O,

registration citation: [58], link to protocol: DO10.17605/OSF.I0/HSVYK).

Outcomes

The primary outcomes for chronic postoperative p&ne postoperative pain intensity,
postoperative pain relief, presence of moderateeteere postoperative pain, or validated
guestionnaires on pain and disability. The prin@mstcomes of pharmacological studies were pre-
and posttreatment changes in pain scores, classiiicof responders to 30% or 50% pain relief,

end of treatment pain intensity, or validated qoestaires on pain and disability.

Search strategy and selection of studies

A literature search was conducted in April 202¢hie databases PubMed and EMBASE. The
search was limited to literature published in t& RO years (April 2000-April 2020). Only peer-
reviewed studies published in English and with ke full-text articles were considered eligible
for the systematic review. Two searches were carduo identify (1) the predictive value of QST
for chronic postoperative pain outcomes and (2)ptleelictive value of QST on analgesic effect
outcomes of pharmacological interventions. The Mé&ths and/or text word combinations are
shown in Table 1.

All citations were exported to EndNote X4 (Thom$euters, Philadelphia, PA, USA) and
duplicates were removed. Due to the large numbpotantial studies, the initial screening was
conducted on title and abstract to remove citattbasdid not meet the scope of the systematic

review. The screening process was independentfgrmpeed by two reviewers (KKP and DBL)



after the initial systematic database search. Désagents in relevancy were solved by consensus.
In case consensus was not reached, a third revig¥dr) was consulted who made the final
decision. After the screening, all full-text aréslwere obtained. Cross-referencing the included
studies and the authors’ own article collection w@asducted for additional relevant literature. The
inclusion and exclusion of relevant literaturehewn in Figure 1 (PRISMA flowchart).

Eligibility criteria

The studies included had to report the predictioel®eh of a postoperative or post-pharmacological
outcome of at least one QST modality including teleal, thermal, mechanical or pressure, pain,
tolerance and suprathreshold stimuli, TSP, allcalyexercise-induced hypoalgesia, offset
analgesia, CPM, or the full German Research Né&tworNeuropathic Pain (DFNS) protocol.
Studies were included if they reported associatimisieen QST and pain-related outcome after
surgery or pharmacological intervention using datrens (Spearman or Pearson correlations),
regression models, or other predictive models siscupport vector machine or reduction in
numbers needed to treat. Studies on animals artithyrsabjects were excluded. Surgical studies
were included if they assessed follow-up pain asii® months after surgery. Acute postoperative
pain and studies in the subacute phase were neidayad. Pharmacological studies were included
if they studied the long-term effect (weeks of tneant) of pharmacological interventions.
Therefore, studies investigating the acute effiedhtes or hours after administration) were

excluded. All studies were required to have a tedaiescription of the utilized QST paradigm.

Data extraction, synthesis, and assessment

The data extraction was conducted by KKP. For sgidn chronic postoperative pain, the data
included type of surgery, patient cohort, QST paetens tested, follow-up time after surgery, the
dependent outcomes of the prediction model, andperative predictors and their associated

predictive value for the dependent variable. Fergharmacological studies, the data involved type



of pharmacological intervention, patient cohort, TQ#rameters tested, treatment period, dependent
variable in the prediction model, and predictivéueaof the QST parameters for the dependent
variable. All outcomes were narratively synthesiegrovide an overview of each QST paradigm
assessed and presented within each domain of Q&Igrediction of chronic postoperative pain or
analgesic effect of pharmacological interventiditgs was conducted due to the large
heterogeneity in both the QST paradigms used andlithical cohorts included in the studies,

which meant that a meta-analysis would not be gp@at®. The methodological and the overall
quality of the included studies were assessed byréwiewers (KKP and DBL) using the Quality In
Prognosis Studies (QUIPS) tool [43]. Following thedelines, each study was assessed on
methodological quality in the major categories $fudy participation”, “Study attrition”,

“Prognostic factor measurement”, “Outcome measunt¢mtsStudy confounding”, and “Statistical
analysis and reporting”. Disagreemenis in the oisias analysis were solved by consensus, and if

no consensus was reached, a third reviewer (HB\¢)agasulted.

Results

The literature searches identified 1811 surgicdl 2689 pharmacological studies of which 25
surgical and 11 pharmacological studies were iredu@ee figure 1). The outcome parameters of
the surgical studies were postoperative pain inte(s2 studies
[1,4,105,111,39,48,56,61,67,75,77,100]), postopergiain relief (3 studies [9,79,94]), presence of
moderate-to-severe postoperative pain (6 stud&41170,72,82,91]), or validated questionnaires
on pain and disability (3 studies [40,107,108]pleéa2. The outcome parameters in the
pharmacological studies were pre- and posttreatoteriges in pain scores (4 studies
[25,76,78,112]), migraine scores (1 study [51]q alassification of responders to 30% (3 studies

[5,63,73]) or 50% (2 studies [20,21]) pain reli@hd end of treatment pain intensity [24], table 3.



Most studies (27 studies) reported using multitarsatistical models, and univariate analyses

were reported in nine studies.

Quality assessment
The quality assessment is presented in table gitaly and 5 (pharmaceutical). The reviewers
(KKP and DBL) initially agreed on 89% of the rat;igConsensus was reached on all ratings

following discussion.

QST variables

Electrical stimuli
Electrical stimuli were reported as electrical data threshold, electrical pain threshold, or
electrical pain tolerance threshold. Electricatsili were reported in four studies and found

predictive in two studies (2/4 = 50%) [61,73].

Electrical detection threshold
Electrical detection threshold was reported in sungical study and no pharmacological studies.
Preoperative electrical pain threshold was not dosignificantly associated with the chronic

postoperative pain intensity after total knee aphasty [61].

Electrical pain threshold

Electrical pain threshold was reported in two steigstudies and one pharmacological study. Low
preoperative electrical pain threshold and higim gairest predicted the chronic postoperative pain
intensity after total knee arthroplasty [61]. Etesal pain threshold was not significantly asscaiat
with persistent chronic postoperative pain or diggldollowing segment spinal surgery of chronic

low back pain patients [70].

In the pharmacological studies, using a supportorenachine analysis the pre-treatment ratio

between electrical pain threshold at a pancreeferred dermatome versus a non-affected
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dermatome predicted the response to pregabalindtied in clinical pain score of 30% or more
after three weeks of treatment compared with placelith a sensitivity of 87.5% and specificity of

80.0% [73].

Electrical pain tolerance threshold
EPTT was reported in one surgical study in whiakoperative electrical pain tolerance threshold
was not associated with the chronic postoperatane iptensity after major abdominal surgery

[105]. No pharmacological studies reported eleatn@in tolerance threshold.

Thermal stimuli
Thermal stimuli were reported as cold and warmaite threshold, cold and heat pain threshold,
and suprathreshold heat and cold stimuli. Thertnaigi were reported in 11 studies and found

predictive in five studies (5/14 45%) [1,25,51,64,77].

Warm detection threshold

Warm detection thresholds were reported in thregical studies and one pharmacological study.
One surgical study reported a linear regressionaindeimonstrating that low preoperative warm
detection threshold, low heat pain threshold, l@grde of radiologically assessed osteoarthritis and
high TSP predicted a high chronic postoperative paensity following total knee arthroplasty in
patients with knee osteoarthritis [77]. Two surgstadies did not find an association between
preoperative warm detection thresholds and chnoostoperative pain intensity (groin hernia repair
surgery [1] and breast cancer surgery[4]). Onemhaological (duloxetine for treatment of

diabetic peripheral neuropathy [112]) study did firad associations between preoperative warm

detection threshold and analgesic effect.
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Heat pain threshold

Heat pain thresholds were reported in nine surgindlthree pharmacological studies. One surgical
study reported a linear regression model includtmgpreoperative heat pain threshold, low warm
detection threshold, low degree of radiologicagessed osteoarthritis, and high TSP which
predicted a high chronic postoperative pain intgrfsilowing total knee arthroplasty in patients
with knee osteoarthritis [77]. Eight surgical sesldid not find associations between preoperative
heat pain thresholds and chronic postoperative iptensity (thoracic surgery [111], groin hernia
repair surgery [1], arthroscopic surgery of theudtier [100] and breast cancer surgery [4]),
postoperative Western Ontario and McMaster UnitiessiOsteoarthritis Index scores (total knee
arthroplasty [107]), and the presence of modem@®etere chronic postoperative pain (total knee

arthroplasty [72] and segmental spinal surgery)[70]

In the pharmacological studies, a hierarchicalesgipon model demonstrated that low heat pain
threshold was associated with a small analgesécedif opioids in patients with postherpetic
neuralgia [25]. Further, using multivariate regressnodels a great analgesic response to
duloxetine in patients with migraine [51] and paindiabetic neuropathy [112] were not significant

associated with pretreatment heat pain thresholds.

Cold detection threshold

Cold detection thresholds were reported in two isafgtudies and one pharmacological study.
Preoperative or pretreatment cold detection thildsheere not statistically significantly associated
with the chronic postoperative pain intensity (két@ee arthroplasty [77] and breast cancer
surgery[4]) or the analgesic effect (duloxetined@betic peripheral neuropathy [112]),

respectively.

12



Cold pain threshold

Cold pain thresholds were reported in four surgicad no pharmacological studies. Preoperative
cold pain thresholds were not significantly asseclavith the chronic postoperative pain intensity
(total knee arthroplasty [67,77]) and the presafaaoderate-to-severe chronic postoperative pain

(thoracic surgery [16] and segmental spinal sur§éby).

Suprathreshold heat and cold stimuli

Suprathreshold heat and cold stimuli were repdrtedree surgical and no pharmacological
studies. In a logistic regression model, preopegdtigh pain intensities to suprathreshold heat
stimuli along with lowered warm detection threstsoduhd pain-related impairment of activity were
predictive of the presence of moderate-to-severenit postoperative pain following hernia repair
[1]. Preoperative suprathreshold heat stimuli amgtathreshold cold stimuli were not significantly
associated with postoperative pain intensity (tbieraurgery [111]) and the presence of moderate-

to-severe chronic postoperative pain (thoraciceyrfl6]).

Cutaneous mechanical stimuli
Cutaneous mechanical stimuli were reported as nmgcdiadetection and pain threshold. Cutaneous

mechanical stimuli were reported in seven and pte@i in no studies (0/7 = 0%)

Mechanical detection threshold

Mechanical detection thresholds were reported mdurgical studies and one pharmacological
study. Preoperative and pretreatment mechanicatten thresholds were not statistically
significantly associated with the chronic postoigeapain intensity (surgical correction of funnel
chest [39] and breast cancer surgery [4]), or asabgeffect (duloxetine for treatment of diabetic

peripheral neuropathy [112]).
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Mechanical pain threshold

Mechanical pain thresholds were reported in fougisal studies and one pharmacological study.
Preoperative and pretreatment mechanical painhblds were not associated with chronic
postoperative pain intensity (total knee arthropl$s7] and breast cancer surgery[4]), presence of
moderate-to-severe postoperative pain (total knbeagplasty [72]), postoperative Oxford shoulder
score (arthroscopic subacromial decompression,[40Bnalgesic effect (duloxetine for treatment

of diabetic peripheral neuropathy [112]).

Pressure stimuli
Pressure stimuli were studied as pressure paitoder@dnce threshold as well as cuff-induced
pressure pain and tolerance thresholds. Deep peestonuli were reported in 17 studies and were

predictive in five studies (5/1%¥ 29%) [9,56,79,107,108].

Pressure pain threshold

Pressure pain thresholds were reported in 11 salrgial three pharmacological studies. Low
pressure pain thresholds assessed at the ostetaefiected knee [56] were associated with
postoperative pain, low pressure pain thresholdseabon-affected knee [9] were associated with
postoperative pain relief, and low pressure paiesiholds at the forearm [107] were associated
with postoperative high Western Ontario and McMashaiversities Osteoarthritis Index scores
following total knee arthroplasty. A study foundithow pressure pain thresholds assessed at the
forearm in patients with hip osteoarthritis wereasated with high postoperative Western Ontario
and McMaster Universities Osteoarthritis Index ssdollowing total hip arthroplasty but not in
patients with knee osteoarthritis following totalde arthroplasty [108]. Eight studies did not fand
statistically significant association between pegagive pressure pain thresholds and chronic
postoperative pain intensity (total knee arthrogl@s6], surgical correction of funnel chest [39]

and breast cancer surgery[4]), postoperative paief (total knee arthroplasty [79,94]), or the

14



presence of moderate-to-severe postoperative fmaal knee arthroplasty [72,82] and segmental

spinal surgery [70]).

For the pharmacological studies, three studiesdaumassociation between pretreatment pressure
pain thresholds and analgesic effect (COX-2 [5]aitars and NSAID gels [24] for treatment of

painful knee osteoarthritis and pregabalin forttreant of painful chronic pancreatitis [73]).

Pressure tolerance threshold

Pressure tolerance thresholds were reported irstingical and no pharmacological studies.
Preoperative pressure tolerance threshold wasssoteted with the chronic postoperative pain
intensity (major abdominal surgery [105]) and preseof persistent pain and disability (segmental

spinal surgery [70]).

Cuff-induced pain detection threshold

Cuff-induced pressure pain thresholds were repornidaree surgical studies and one
pharmacological study. Low cuff-induced pressuria flareshold assessed at the lower leg in
patients with knee osteoarthritis was associaté etironic postoperative pain relief following

total knee arthroplasty [79]. Two studies did notifa significant association between preoperative
cuff-induced pressure pain thresholds and the ehmrstoperative pain intensity (total knee
arthroplasty [56]) or postoperative pain relieftéldknee arthroplasty [94]). One pharmacological
study demonstrated no association between pretesairnff-induced pressure pain threshold and

analgesic effect (oral NSAIDs and paracetamoltiertteatment of pain in knee osteoarthritis [76]).

Cuff-induced pressure tolerance threshold
Cuff-induced pain tolerance thresholds were replarnehree surgical studies and one
pharmacological study. Three surgical studies didfind a significant association between

preoperative cuff-induced pain tolerance threslaold the chronic postoperative pain intensity

15



(total knee arthroplasty [56]) or postoperativenpailief (total knee arthroplasty [79,94]). The
pharmacological study did not find a significans@sation between pretreatment cuff-induced pain
tolerance threshold and analgesic effect (oral NIB4dnd paracetamol for the treatment of pain in

knee osteoarthritis [76]).

Dynamic mechanical allodynia

Dynamic mechanical allodynia was reported in tls@gical and no pharmacological studies and
was reported predictive in one study (2/33%). The presence of preoperative dynamic
mechanical allodynia (yes/no) was associated Wwihchronic postoperative pain intensity in
females undergoing gynecologic laparoscopy [48]oBiudies did not find associations between
preoperative dynamic mechanical allodynia and tisqperative pain intensity (surgical correction
of funnel chest [39] and total knee arthroplast]]6

Temporal summation of pain

Temporal summation of pain (TSP) was reported istlidies (9 surgical and 5 pharmacological
studies) and predictive in 7 studies (7/14 = 50856,75-77,82,91].

In the surgical studies, TSP was assessed usinigamieal stimuli [56,75,77,82,91], heat stimuli
[100], and cuff'stimuli [56,79]. In five surgicalglies, high preoperative TSP was associated with
the chronic postoperative pain intensity followtotal knee arthroplasty [56,75,77] and the
presence of moderate-to-severe chronic postoperpéiin (total knee arthroplasty [82] and
abdominal or laparoscopic hysterectomy [91]). Fsiudies reported that preoperative TSP was not
associated with the chronic postoperative paimsitg (total knee arthroplasty [79] and
arthroscopic shoulder surgery [100]), postopeea¥WOMAC (total knee arthroplasty [17]), and the
presence of moderate-to-severe chronic postoperpéiin (breast cancer surgery [41]).

In the pharmacological studies, TSP was assessegl mechanical stimuli [24,51,112], computer-

controlled pressure stimuli [5], and manual cuifihsti [76]. In two studies, high TSP was reported

16



to be associated with poor analgesic effect after Wweeks of treatment with COX-2 inhibitors [5]
and three weeks of treatment with NSAIDs and pasaaeel [76] in patients with knee

osteoarthritis. Three studies did not find an aisgimn between pretreatment TSP and the analgesic
effect of duloxetine for diabetic peripheral neuatlyy [112],migraine [51], or topical NSAIDs for

painful knee osteoarthritis [24].

Conditioned pain modulation

Conditioned pan modulation (CPM) was reported irstlidies (12 surgical and 5 pharmacological
studies) and predictive in seven studies (Z¥1%) [24,78,94,105,111,112].

In the surgical studies, the test stimulus wassseskusing pressure [17,39,70,75,82,94,105], cuff
[56,79], heat [41,70,100,111], and electrical [P&Jistimuli with the conditioning stimuli being hot
water [41,100,111], cold water [39,70,75,82,94,1@&ijic cuff pressure [56,79], or pinching [17].
In four studies, preoperative impaired CPM was @ssed with chronic postoperative pain
intensity (thoracic surgery [111], major abdomigaigery [105]), high postoperative WOMAC
scores (total knee arthroplasty [17]), and a redndh postoperative pain relief (total knee
arthroplasty [94]). Eight studies did not find asaciation between preoperative CPM and the
chronic postoperative pain intensity (total knedmplasty [56,75,79,82], surgical correction of
funnel chest [39], and arthroscopic shoulder syrf00]), postoperative pain relief (total knee
arthroplasty [79]), and the presence of moderatgetere chronic postoperative pain (total knee
arthroplasty [82], breast cancer surgery [41], seginental spinal surgery [70]).

In the pharmacological studies, the test stimulas assessed using pressure [5,24], cuff [78], and
heat [51,112] stimuli with the conditioning stimilot water [112], cold water [51], or tonic cuff
pressure [5,24,78]. Impaired CPM was associatel avgreat analgesic effect of duloxetine in
patients with diabetic neuropathy [112]. This w®dhe case with topical NSAIDs [24] or

NSAIDs and paracetamol [78] in patients with kneteoarthritis. Pretreatment CPM was not

17



associated with the analgesic effect of COX-2 iithis in patients with knee osteoarthritis [5] or
duloxetine in patients with migraine [51]. Of nokasler et al., 2019 [51] found that the
pretreatment test stimulus and the conditionedstasiulus in the CPM paradigm predicted the

analgesic effect of duloxetine in patients with raige but not the calculated CPM effect itself.

Offset analgesia
Offset analgesia was reported in one pharmacolbgigdy in which the pretreatment offset
analgesia showed no association with the analgéfgict of NSAID and paracetamol for patients

with knee osteoarthritis [78].

Exercise induced hypoalgesia
Exercise induced hypoalgesia was reported.in orgcal study in which low preoperatively
exercise induced hypoalgesia was associated witlpastoperative pain relief following total knee

arthroplasty [94].

Hypoesthesia area
One study assessed the preoperative size of treekiesia area using warm {@) and cold
(25°C) rolls and found an association between thedfizee hypoesthesia and the chronic

postoperative pain intensity following breast carsggery [4].

The German Research Network on Neuropathic PailN@fprotocol

The German Research Network on Neuropathic PailN@fprotocol consists of a wide range of
QST modalities including allodynia, thermal detestand pain thresholds, paradoxical heat
sensations, mechanical detection, pain thresholdshanical suprathreshold, TSP (wind-up),
vibration detection threshold, and pressure pamstiold. The DFNS protocol was assessed in three
pharmacological studies. In two pharmacologicatlists, the DFNS protocol was utilized to define

the irritable nociceptor (IN) or non-irritable noeptor (NIN) in patients with peripheral
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neuropathic pain. One study found that that thebarmeeded to treat (NNT) for 50% pain relief of
oxcarbazepine was 3.9 for IN and 13 for NIN [21]stady found that that the NNT for 50% pain
relief of lidocaine 5% patch was 7.5 for IN and definable for the NIN due to recruitment issues.
Finally, the DFNS protocol was used to predictriggponders (+30% pain alleviation) and non-
responders to capsaicin patch treatment in patwititsperipheral neuropathy and found a
sensitivity of 70% and a specificity of 100% fottieats with cold pain thresholds and mechanical

pain thresholds > 0.8 compared with z-values froRIND [64].

Prediction of specific surgical procedures

In this review, 16 studies addressed joint-relataderies, 3 studies thoracic-related surgeries, 4
studies abdominal and gynecology-related surgesied 2 studies addressed breast cancer
surgeries. A significant preoperative predictiorswi@monstrated for 11 studies (69%) in the joint-
related surgeries, 1 study (33%) in the thoradiated surgeries, 4 studies (100%) in the abdominal

and gynecology-related surgeries, and 1 study (5@%a)ed to breast cancer surgery.

Discussion

The current systematic review describes the priedicble of QST on pain after surgical and
pharmacological interventions. Twenty-five surgi¢ed new studies since the latest review [85])
and 11 pharmacological (8 studies since the lagestw [38]) studies published since 2000 were
identified. Seventeen studies demonstrated an iasisomcbetween preoperative QST and chronic
postoperative pain and 11 studies demonstratedsatiation between pre-treatment QST and the
analgesic effect of pharmacological interventionswith a large heterogeneity in the QST
paradigms used. Significant preoperative predistimare most often presented for joint-related
surgeries and abdominal and gynecology-relatecesiey TSP, CPM and different variations of
pressure thresholds were the most frequently reganethods, and TSP and CPM were most

frequently found as predictors of the chronic ppstative pain intensity, the presence of moderate-
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to-severe chronic postoperative pain, postoperatane relief and the analgesic effect to

pharmacological interventions.

The predictive value of quantitative sensory tegtin

This review suggests a possible association betteeselected QST parameters and chronic
postoperative pain and the analgesic responseatonattological interventions, but the results are
not consistent. Overall, the most utilized QST dayas were mechanical and pressure stimuli,
TSP, and CPM, which were also most frequently aatext with chronic postoperative pain or
analgesic effect. In addition, the strength ofgthedictive value of QST varied withi*Ralues

ranging from 0.13 to 0.673, which further underdirteat variance explanation remains suboptimal
at best. Finally, it is important to acknowledgettthe literature on the predictive role of QST for
chronic postoperative pain and analgesic respangbBdarmacological interventions is conflicting,

and therefore QST might not be appropriate asaalrguiding tool yet.

Decades of research has focused on the differen@&T parameters comparing pain-free subjects
and patients with chronic pain; yet the differencage not been established to be specific for the
pain diagnosis [7,34,83,101,106]. It is evident 8@me patients with chronic pain are generally
more pain sensitive than others [6,93,101], buutinderlying factors driving the increased pain
sensitivity are still largely unclear. Studies hawuggested that the pain sensitivity can be ineckas
in patients with chronic pain due to, e.g., sleapairment [90], increased pain catastrophizing,[69]
or comorbidities such as diabetes [27]. These faae often observed in patients in chronic pain
populations and warrant consideration when addrgsbke predictive value of QST in future

studies.

A previous review [85] suggested a link betweeffedént QST modalities and certain pain

disorders. To exemplify this, cutaneous stimulidneen found to activate cutaneous fibres [3] and
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pressure stimuli using algometers have been fooitargiet muscles [30] or fascia [65]. This could
indicate that, e.g., cutaneous activation woul@uieed for dermatological disorders and pressure
stimuli would be suited for patients with musclgaint pain. The most studied population of the
current review was patients with osteoarthritis] #re hypothesis that pressure stimuli should
adhere better to these patients is not supportéldebgurrent review since pressure stimuli were
rarely (approx. 29%) predictive of chronic post@iee pain or analgesic effect. In addition, joint-
related surgeries and abdominal and gynaecologyetkurgeries were most often studied, and
preoperative QSTs were most often associated \Wwithnic postoperative pain, which could
indicate that preoperative QSTs are more frequgmédictive of certain surgical procedures.
Future studies should pursue this hypothesis tifciéthere is an interaction between certain QST

modalities and certain pain disorders.

This review investigated the predictive role of QST chronic postoperative pain and analgesic
response to pharmacological interventions althdhgke two outcomes are different. In a pain
mechanistic context, surgical procedures aim toorenthe peripheral pain driver, and it has been
demonstrated that a pain-free recovery after retma\&uch peripheral drives by, e.g. total knee
[37] or hip arthroplasty [54] does normalize thepenses to CPM and TSP when comparing pre-
and six months postoperative assessments. Thetadeanof certain pharmacological interventions
is the possibility to target central pain mecharsisis an example, preclinical trials have
established that serotonin and noradrenalin areritapt for descending pain inhibition [13,14,60],
and human administration of duloxetine (a serot@md noradrenaline reuptake inhibitor) does
improve CPM in patients with painful diabetic nepathy [112]. Likewise, the N-methyl-D-
aspartate (NMDA) receptors are important for dohgath neuron excitability, and human

administration of ketamine (a NMDA antagonist) reelsi TSP in patients with fiboromyalgia [36].
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Therefore, specific QST modalities might be beptedictors for a certain treatment if the pain

mechanistic profile is matched with the interventio

The most consistent predictive QST paradigms w&té and CPM, but these studies utilized
multiple different protocols (assessment parametedsmodalities). The reliability of CPM has
been questioned [50] and studies comparing CPMvpots have highlighted that different test and
conditioning stimuli combinations will yield diffent reliability results [45,99]. Some CPM
protocols operate under the premise that the dondig stimulus should be painful (VAS > 3) and
that the CPM effect increases with increased canrditg stimulus intensity [35]. Conversely, other
protocols are based on the notion that the intg$ithe conditioning stimulus is independent of
the CPM effect [33]. The 2015 recommendation foMJR10] called for standardization of CPM
testing across laboratories, which would greattyease the generalizability of CPM in future
studies. However, the current review highlightd tha variability in different QST modalities has
the potential to be utilized as predictor of pdteasurgery and pharmacological interventionss It
well-known that dynamic QST modalities such as B88 CPM are influenced by multiple factors
such as sleep deprivation [26,59], use of opids@s, [or high clinical pain intensities [10].
Therefore, standardized protocols based on paesiubjects might not represent the clinical use of

QST.

Quality assessment

In this systematic review, the included studiesraNelemonstrated a low-to-moderate bias
distributed among the four categories for bias @swent. For study participation, missing
information on sampling frame and recruitment aladg for assessment were the main causes for
bias. For study attrition, lack of description o$ to follow-up and differences in participants
completing and not completing the study were thenmeasons for bias. In the category prognostic

factor measurement, validity and reliability of tiiged methods together with the uncertainty with
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respect to the cut-offs chosen were the main resaforbias. Confounding was another category
that revealed substantial bias, in that confounifeesther study design or analysis were rarely

accounted for and that multivariate analyses wetearried out consistently.

Future directions

The current review highlights inconsistencies inTS predictors of outcomes after surgical
treatments and pharmacological interventions. Thstrmonsistent findings include studies
assessing central pain mechanisms, and therefune fstudies are encouraged to.include
parameters such as TSP or CPM and to understavatiability in the assessment of TSP and
CPM. Fjeld et al., 2020 [31] studied patients vatute admission due to sciatica and found that the
assessment of CPM six weeks after discharge dignedict pain at 12 months follow-up, which
does highlight that the timing of assessment mightrucial. In addition, other non-QST
parameters such as pain catastrophizing or epigenatkers have been associated with chronic
postoperative pain [15,22,32,80,81] and analgdfects [39]. Including these parameters will
likely increase the strength of the predictive msdie future studies. Finally, due to the large
heterogeneity in choice of QST parameters, stamdion is needed and assessment of both
painful and non-painful anatomic regions shoulatmesidered since this could influence the

predictive value of QST [107,108].

In 2016, a task force appointed by The Internatidsaociation for the Study of Pain [53]
suggested “nociplastic” as a new pain descriptalescribe a state in which the nociceptive
functions are changed. Several studies have nawifigel that specific subgroups of patients with
chronic pain exist [6,93] and that these patieespond poorly to standard care treatments [42,74—
76]. Understanding if modulation of specific cehpain pathways prior to standard care treatments

does increase the likelihood of positive analgessponses would move this field forward. In this
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regard, acknowledging that a large variety of deaaion manifestations may represent a large

variety of natural or acquired sensorimotor functimodalities might be important.

Studies have found that, e.g., duloxetine can in@@PM [112] and ketamine can reduce TSP
[36]. A recent study [52] on patients scheduledtfdal knee arthroplasty recruited “pain sensitive”
patients using the central sensitization inventprgstionnaire and found that preoperative and six
weeks postoperative administration of duloxetirduoed the postoperative pain intensity at 2-12
weeks follow-up compared with placebo. Studies doib preoperative predictors with
pharmacological interventions targeting these ptemtis might pave the way for the future of

personalized pain medicine.

Limitations

The current review is limited to studies assesshrgnic postoperative pain defined as pain
reported at least three months after surgery. &esardies on the predictive role of QST for acute
postoperative pain have been conducted (see réraew2017 [85]). Of note, studies such as Lunn
et al., 2013 and Izumi et al., 2017 studied theéqueative period from 30 days to 6 weeks after

surgery and these studies are not included inuhemt review.

Further, the current review is limited by not adhiag studies using QST to predict the acute effect
of pharmacological interventions such as Wasnat. 2008 [102] and Schliessbach et al., 2018

[87].

Conclusion

This systematic review identified 17 surgical addpharmacological studies reporting a predictive
role of QST modalities for chronic postoperativénpar analgesic effect of pharmacological
interventions. The strengths of the predictive ni®aary and no consistency was found for a single

QST parameter. Pressure stimuli and dynamic QS3npeters such as TSP and CPM were the
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most frequently assessed, and thermal stimuli, 88& CPM were most frequently associated with

chronic postoperative pain or analgesic effects.
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Figure legend
Figure 1: Preferred Reporting Items for Systemiageiews and Meta Analyses (PRISMA) flow

diagram.
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Tables

Table 1: Search strategy. The MeSH and textworfitiings were permuted dependent on database.

Focus Example keywords (PubMed search)

1 Analgesic effect (“Analgesia”’[tw] OR “Drugs’[twPR “Drug therapy”[tw])

2 Postoperative pain (“Postoperative pain”[MeSH]Rostsurgical pain”’[tw])

3 Quantitative sensory ((“Quantitative sensory testing”[tw] OR “QST’[tw[PR (“Conditioned pain
testing modulation”[tw] OR “CPM"[tw]) OR (“Temporal summain”[tw] OR

“TSP’[tw]))
4 Surgery (“Surgery”[tw])
5 Limits “2000/01/01"[PDat], “English’[lang]
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Table 2: Surgical studies assessing quantitativesgey testing (QST) as predictors of chronic postapive pain. QST modalitie&LL:
Dynamic mechanical allodyni&DT: Cold Detection ThresholdPT: Cold Pain ThresholdgPPT: Cuff-induced Pressure Pain
ThresholdcPTT: Cuff-induced Pressure Tolerance Thresh@&M: Conditioning Pain Modulation (c: cuff pressurestand condition
stimuli, e: electrical test stimulus, heat: heattstimulus, p: pressure test stimulus, *: hot watndition stimulus’ cold pressor tests as
condition stimulus, ¥: pinching conditioning stimsl),EDT: Electrical Detection Threshol&IH: Exercise-Induced HypoalgesigPT:
Electrical Pain Threshold:zPTT: Electrical Pain Tolerance ThresholtlPT: Heat Pain ThresholdyiIDT: Mechanical Detection
Threshold MPT: Mechanical Pain Threshold?PT: Pressure Pain Threshol®TT: Pressure Tolerance ThreshoTCS:
Suprathreshold Cold StimuluSTHS: Suprathreshold Heat StimuluBSP: Temporal Summation of Pain (c: using cuff stimediusing
electrical stimuli, h: using heat stimuli, m: usingechanical pinprick stimuli)¥DT: Warm Detection Threshold. Other abbreviations:
ANOVA: Analysis of Varianc®&l: Number of patients participating in the stu@R: Odds RatioR: Coefficient of determinationyks:
WeeksMO: Months, WOMAC: Western Ontario and McMaster Universities Ostebatis Index (assesses pain, stiffness and funaifo
the knee and hipKOOS: Knee injury and Osteoarthritis Outcome Score €asgs pain, stiffness and function and daily liahgatients
with knee osteoarthritisjU) indicates univariate analysis arjifl) indicates multivariate analysi8: calculated for this review only and

not presented in the original paper.
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Reference | Year | Type of Patients QST Follow- | Postoperative| Models and preoperative
surgery parameters | up time | dependent predictors
parameter
Joint related surgeries
Martinez et | 2007 | Total knee Knee ALL, MPT, |4 MO Pain intensity| Correlations (U):
al. [67] arthroplasty | osteoarthritis: N = | HPT, CPT No prediction
20
Lundblad | 2008 | Total knee Knee EDT, EPT 18 MO Pain intensity Regression (M):
et al. [61] arthroplasty | osteoarthritis: N = PreOP pain (OR: 6.48) and
69 EPT (OR: 9.19)
Gwilym et | 2011 | Arthroscopic | Shoulder MPT 3 MO Oxford Correlation (U):
al. [40] subacromial | impingement shoulder score No prediction
decompressionsyndrome: N =17
Wylde et 2013 | Total knee Knee PPTs, HPT 13 MO WOMAC Correlations (U):
al. [107] arthroplasty | osteoarthritis: N = PPT: R =0.37
51
Valencia et | 2014 | Arthroscopic | Rotator cuff HPT, hTSH 3 and 6 Pain intensity | Regressions (M):
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al. [100] shoulder tendinopathy: N = | hCPM* MO No prediction
surgery 73
Noiseux et | 2014 | Total knee Knee MPT, HPT, | 6 MO Presence of | Regression (M):
al. [72] arthroplasty | osteoarthritis: N = | PPT moderate-to- | No prediction
193 severe
postoperative
pain
Petersen et | 2015 | Total knee Knee PPTs, mTSP}, 12 MO Pain intensity| Regression (M):
al. [75] arthroplasty | osteoarthritis: pCPM’ mTSP and PreOP VAS’R
N=78 0.13
Wylde et 2015| Total knee angdKnee PPT 12 MO WOMAC Regression (M):
al. [108] hip osteoarthritis: N = THA: PPT:$ =0.091
arthroplasty | 239, (WOMAC) — 0.114 (Movement
Hip osteoarthritis: pain)
N =254
TKA: no prediction
Petersen et | 2016 | Total knee Knee osteoarthritis, cPPT, cPTT, MI2 Pain relief Regression (M§:
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al. [79] arthroplasty N =103 CcTSP, R? = 0.379, using cPPT and VA
cCPM, PPTs

Bossmann | 2017 | Total knee Knee mTSP, 6 MO WOMAC Regression (M):

et al[17] arthroplasty | osteoarthritis: pCPM pain subscale| pCPM, heart rate variability and
47 gender: R= 0.09

Vaegter et | 2017 | Total knee Knee cPPT, cPTT,| 6 MO Pain relief Correlations (U):

al.[94] arthroplasty | osteoarthritis: PPT, pCPM: R =0.57
14 pCPM’, EIH EIH: R =0.53

Arendt- 2018 | Total knee Knee PPT 12 MO Pain relief Regression (M):

Nielsen et arthroplasty | osteoarthritis: PPT: R =0.09-0.110

al. [9] 70

Petersen et | 2018 | Total knee Knee CDT, CPT, |12 MO Pain intensity| Regression (M):

al. [77] arthroplasty | osteoarthritis: WDT, HPT, PreOP mTSP, WDT, HPT and
130 mTSP KL

R*=0.119
Rice etal. | 2018 | Total knee Knee PPT, mTSP,| 6 and 12 | WOMAC Regression (M):
[82] arthroplasty | osteoarthritis: pCPM’ MO pain > 30/100| WOMAC pain, mTSP, Trait
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288 anxiety, expected pain:
AUC: 0.70
Sensitivity: 0.72
Specificity: 0.64
Correctly classified: 65.67%
Kurien et 2018 | Total knee Knee PPTs, cPPT, Pain intensity | Correlations (U):
al. [56] arthroplasty | osteoarthritis: N = | cPTT, cTSP, mTSP: R =0.343
50 cCPM, PPT: R =-0.262
mTSP,
Miiller et 2019 | Segment Chronic low back | PPT, PTT, |12 MO Persistent Regression (M):
al. [70] spinal surgery| pain: N = 141 HPT, CPT, pain or No prediction
CPM, EPT persistent
Disability
Thoracic related surgeries
Yarnitsky | 2008 | Thoracic Posterolateral and| hCPM*, 29 wks Pain intensity] Regression (M):
et al.[111] surgery muscle-sparing HPT, STHS hCPM* (OR: 0.55)

lateral
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thoracotomy:

N =62
Grosen et | 2014 | Surgical Patients scheduled ALL, MDT, |6 MO Pain intensity| Regressions (M):
al. [39] correction of | for surgical PPT, pCPNi No prediction

funnel chest | correction of

funnel chest:

N =41
Bayman et | 2017 | Thoracic Patients scheduled CPT, STHS | 6 MO Presence of | Regression (M):
al. [16] surgery for thoracic postoperative | No prediction
surgery: pain
N =99

Abdominal and gynecology related

surgery

Aasvang et | 2010 | Groin hernia | Primary unilateral | WDT, HPT, | 6 MO Pain intensity| Regression (M):

al. [1] repair (open | hernia: STHS Activity (OR: 1.16-7.37),
and N =442 STHS (OR: 1.34)
laparoscopic) Surgical type (OR: 0.45)
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N

Wilder- 2010 | Major Lower and upper | EPTT, PTT, | 6 MO Pain intensity| Regression (M):

Smith et al. abdominal gastrointestinal or | eCPM, PreOP eCPM R= 0.46

[105] surgery genitourinary tract | pPCPM’

issues:
N =20
Jarrell et 2014 | Gynecologic | Gynecological pain MDT, ALL |6 MO Pain intensity | Regressions (M):
al. [48] laparoscopy | patients: N =77 The presence of preOP ALL {R
= 0.590)

Sngetal. |2018| Elective Patients with mTSP 6 MO VAS > 3/10 Regression (M)

[91] abdominal or | benign conditions mTSP: OR = 1.078
laparoscopic | scheduled for pain during sexual intercourse:
hysterectomy | surgery: OR =5.312
for benign N =159 Morphine consumption (24-48 |
conditions postOP): OR: 1.172

Breast cancer surgeries

Andersen | 2017 | Breast cancer| Patients with breastMDT, MPT, | 12 MO Pain intensity| Regression (M):

et al. [4] surgery cancer: N =290 | WDT, CDT, Size of hypoesthesia area:
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HPT, PPT,
Size of
hypoesthesia
area using:
ALL and
cold (28C)
and warm

(40°C) rolls.

OR: 1.003 - 1.006

Habib et al.

[41]

2019

Breast cancer

surgery

Patients scheduled

for breast cancer

surgery:

N =124

mTSP,

hCPM*

6 and 12

MO

VAS > 3/10
and impact of
pain on daily

living

Regression (M):

No prediction
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Table 3: Pharmacological studies using quantitageasory testing (QST) to predict analgesic eff€@&l modalitiesALL: Dynamic
mechanical allodyniaCDT: Cold Detection Threshol@PT: Cold Pain ThresholdgPPT: Cuff-induced Pressure Pain Threshot®TT: Cuff-
induced Pressure Tolerance Threshd@®M: Conditioning Pain Modulation (c: cuff pressuresteand condition stimuli, e: electrical test
stimulus, heat: heat test stimulus, p: pressurestsulus, *: hot water condition stimulusgold pressor tests as condition stimul@&pT:
Electrical Detection ThresholdIH: Exercise-Induced HypoalgesigPT: Electrical Pain Threshold=PTT: Electrical Pain Tolerance
Threshold HPT: Heat Pain Thresholdy\DT: Mechanical Detection ThresholMPT: Mechanical Pain Threshold; Offset analgesiaPPT:
Pressure Pain Threshol®TT: Pressure Tolerance Threshol&CS: Suprathreshold Cold StimuluSTHS: Suprathreshold Heat Stimulus,
TSP: Temporal Summation of Pain (c: using cuff stimediusing electrical stimuli, h: using heat stimuh: using mechanical pinprick stimuli,
p: using pressure stimuliYyDT: Warm Detection Threshold. Other abbreviatioNs:Number of patients participating in the stu@R: Odds
Ratio,R: Coefficient of determinatiorf)) indicates univariate analysis arfil) indicates multivariate analysi§: calculated for this review

only and not presented in the original paper.
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Reference Year | Type of Patients QST Treatment | Dependent Model and
intervention(s) parameters period parameter pretreatment
predictor
Edwards et 2006 | Opioids: N =16 | Postherpetic HPT 8 weeks Change in pain Regression (M):
al.[25] TCAs:N =14 neuralgia intensity Opioids: R = 0.35
placebo: N = 14 using HPT
TCA: no prediction
Placebo: no
prediction
Yarnitsky et al. 2012 | Duloxetine: Painful diabetic| CDT, WDT, 5 weeks Change in pain Regression (M):
[112] N =30 neuropathy HPT, MDT, intensity CPM: R =0.673
MPT, mTSP,
hCPM*
Olesen et al[73] | 2013 | Pregabalin: N = | Painful chronic | EPT, PPT, 3 weeks Classify responders Support vector
31, pancreatitis differences in (>30% pain machine (M):
Placebo: N= 29 EPT and PPT in reduction) and non- | EPT ratio:
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affected and
unaffected area

(EPT/PPT ratio)

responders

Sensitivity: 87.59

Specificity: 80.0%

Demant et al. 2014 | Oxcarbazepine: N Peripheral ALL, WDT, 6 weeks Patients classified | NNT for IN: 3.9
[21] =48 neuropathic CDT, HPT, into irritable NNT for NIN: 13
Placebo: N =35 | pain CPT, PHS nociceptor (IN) or | (U)
MDT, MPT, non-irritable
MPS;, mTSP, nociceptor (NIN).
VDT, PPT Numbers needed to
(DFNS protocol) treat (NNT) to obtain
50% pain relief for
IN and NIN.
Demant et al. 2015 | Lidocaine 5% Peripheral ALL, WDT, 4 weeks Patients classified | NNT for IN: 7.5
[20] patch: N =40 neuropathic CDT, HPT, into irritable NNT for NIN: not
Placebo: N =40 | pain CPT, PHS nociceptor (IN) or | possible to
MDT, MPT, non-irritable determine due to
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MPS, mTSP,
VDT, PPT

(DENS protocol)

nociceptor (NIN).
Numbers needed to
treat (NNT) to obtain

50% pain relief for

recruitment issues

(V)

IN and NIN.
Arendt-Nielsen | 2016 | COX-2 inhibitor: | Knee PPT, pTSP, 4 weeks Change in pain Correlation (U):
et al. [5] N = 37, osteoarthritis | pPCPM" intensity for non- pTSP predicting a
Placebo: N = 37 responders (<30% | non-response:
and <50% reduction) R = 0.421 - 0.639
Edwards et al. 2016 | NSAID Knee PPT, mTSP, 4 weeks Change in pain Regressions (M):
[24] (topical gel), osteoarthritis pCPM’, pCPM' average daily pain | ADP: CPMR = -
N =235 intensity (ADP) and | 0.38 CPM
KOOS pain
Mainka et al. 2016 | Capsaicin Peripheral ALL, WDT, 8 weeks Classifying Regression (M):
[64] (topical, 8%), N =| neuropathic CDT, HPT, responders or non- | Sensitivity: 70%,
20 pain CPT, PHS responders; specificity: 100%
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MDT, MPT,
MPS, mTSP,
VDT, PPT

(DENS protocol)

responders were
defined as +30%
reduction in pain or

2 points on a 0-10

for
Patients with CPT
and MPT > 0.8

compared with z-

NRS value from DFNS.

Petersen et al. 2019 | NSAID and Knee cPPT, cPTT, 3 weeks Change in pain Regression (M):
[76] paracetamol osteoarthritis | cTSP intensity R? = 0.269 using

(oral): N =132 VAS and cTSP
Petersen et al. 2019 | NSAID and Knee OA, cCPM 3 weeks Change in pain Correlation (U):
[78] paracetamol osteoarthritis intensity R? = 0.186 using

(oral): N =42 cCPM and VAS
Kisler et al. [51] | 2019 | Duloxetine: N = | Migraine Tonic heat pain | 8 weeks Migraine Regression (M):

27,

placebo: N = 28

(47°C), mTSP,
OA, TSalone

TSconditioned

hCPM

improvement (pain

reduction)

TSaione(R = 0.47),

TSconditioned(R =

0.49)
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Table 4. Risk of Bias(RoB) for studies investigating the prognostic value of QT parameters on chronic postoperative pairuUsing the
Quality in Prognostic Studies (QUIPS) tool, the Rad3essment was based on study participation, attrdyon, prognostic factor
measurement, outcome measurement, study confoyratidgstatistical analysis. In general, low-to-matkerisk of bias was observed in mos

studies distributed across all factors.
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Martinez et al. 2007 M L M L M L
Lundblad et al. 2008 M H M M H L
Yarnitsky et al. 2008 M L L M L M
Aasvang et al. 2010 L L L M H L
Wilder-Smith et al. 2010 L L L M M M
Gwilym et al. 2011 M L L L H M
Wylde et al. 2013 M L L L M M
Grosen et al. 2014 L M L L L L
Jarrell et al. 2014 L H M M H L
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Valencia et al. 2014 M M L L
Noiseux et al. 2014 M L L M
Petersen et al. 2015 M L M M
Wylde et al. 2015 L M M L
Petersen et al. 2016 L M M M
Bayman et al. 2017 M M L L
Bossmann et al. 2017 M M L L
Andersen et al. 2017 L L M L
Vaegter et al. 2017 M L L M
Arendt-Nielsen et al. 2018 L M M L
Petersen et al. 2018 L M L M
Rice et al. 2018 L L L M
Sng et al. 2018 L M M M
Kurien et al. 2018 M L M M
Habib et al. 2019 L L L M
Muller et al. 2019 L M L L
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Table 5. Risk of Bias (RoB) for studies investigatig the prognostic value of QST parameters on analge effect after non-surgical

treatments. Using the Quality in Prognostic Studies (QUIPS) ttlte RoB assessment was based on study partanpatudy attrition,

prognostic factor measurement, outcome measurestady confounding, and statistical analysis. Inegal, low-to-moderate risk of bias wa

observed in most studies distributed across albfac
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Edwards et al. 2006 M M M L M L
Yarnitsky et al. 2012 M M L L M L
Olesen et al. 2013 L L L L M M
Demant et al. 2014 L L L M M L
Demant et al. 2015 L L M L M L
Arendt-Nielsen et al. 2016 L M L L M L
Edwards et al. 2016 M M L L M L
Mainka et al. 2016 L L L L M M
Petersen et al. 2019 L M L L M L
Petersen et al. 2019 L L L L M L
Kisler et al. 2019 M M L M M L
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Records identified through database Additional records identified through
searching other sources
g Pubmed/EMBASE Surgery (n=7)
= Surgery (n = 1485/732) Analgesia (n=1)
S Analgesia (n = 1803/2559)
=
c
]
L
\ 4 v
Records after duplicates removed
Surgery (n = 1811)
Analgesia (n = 2689)
oo
c
— |
()
o Records screened Records excluded
A Surgery (n =1811) —> Surgery (n=1767)
Analgesia (n = 2689) Analgesia (n =2668)
—
M) l
Full-text articles assessed for Full-text articles excluded, with
eligibility reasons
Surgery
Surgery (n = 44) > < 3 months follow-up = 12
= Analgesia (n = 21) No prediction/cross-sectional = 4
= Not related to surgery = 2
) Prediction not related to pain
g outcome =1
w
Analgesia
Surgery-related = 4
No prediction/cross-sectional = 5
QST not part of prediction = 1
—/
— \ 4
T Studies included in
() o )
T qualitative synthesis
% Surgery (n = 25)
£ Analgesia (n =11)
—
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