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Abstract

Introduction. Osteoarthritis is the most prevalent joint disease
worldwide, with knee osteoarthritis representing its most common
form. Pain in knee osteoarthritis is known to have neuropathic
components; however, the mechanisms leading to central sensitiza-
tion remain incompletely understood. It is also unclear whether
surgical pain relief achieved through total knee arthroplasty results
in modulation of central sensitization and neuropathic pain. Quan-
titative sensory testing in the prediction of postoperative pain
after total knee arthroplasty. Sensory profiling using quantitative
sensory testing modalities — particularly temporal summation and
conditioned pain modulation — has emerged as a valuable approach
for identifying patients with osteoarthritis who are at risk of acute
and chronic postsurgical pain. These modalities, when combined
with other parameters, may facilitate individualized pain manage-
ment strategies. Preoperative hyperalgesia and neuropathic pain
features, detected through temporal summation testing and Pain-
DETECT questionnaires, have demonstrated predictive value for
the development of chronic postsurgical pain after total knee ar-
throplasty. Patients exhibiting centrally mediated pain mechanisms
and established central sensitization tend to experience less post-
operative pain relief following total knee arthroplasty. Female sex
has been associated with higher magnitude of conditioned pain
modulation and an increased prevalence of severe acute and chron-
ic postsurgical pain, identifying it as a potential risk factor for pain
chronification. Conclusion. Quantitative sensory testing modalities
— particularly temporal summation, conditioned pain modulation,
and pressure pain threshold - appear to be the most promising tools
for predicting postoperative pain outcomes using quantitative sen-
sory testing. Patients with evidence of central sensitization show
reduced pain relief after total knee arthroplasty.
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Sazetak

Uvod. Osteoartritis predstavlja naj¢es¢u bolest zglobova, pri
¢emu je osteoartritis kolena najzastupljeniji. Iako je poznato da
bol kod osteoartritisa kolena delom jeste neuropatski bol, ne-
jasno je koji mehanizam dovodi do centralne senzitizacije i da li
¢e eliminacija bola hirur§kom procedurom kao §to je totalna
artroplastika kolena dovesti do promena u vezi sa centralnom
senzitizacijom i neuropatskim bolom. Kvantitativno senzorno
testiranje u predikciji postoperativnog bola nakon totalne ar-
troplastike kolena. Senzorno profilisanje pacijenata sa osteoar-
tritisom kori$¢enjem kvantitativnog senzornog testiranja post-
alo je uobicajeno. Kvantitativni senzorni modaliteti, kao §to su
temporalna sumacija i uslovna modulacija bola, pokazali su se
kao potencijalni prediktori akutnog i hroni¢nog posthirurskog
bola i trebalo bi ih kombinovati sa drugim parametrima kako bi
se postigla personalizovana terapija bola. Preoperativna hiper-
algezija i neuropatski bol otkriveni tokom ispitivanja temporalne
sumacije i pomocu upitnika PainDETECT imaju prediktivnu
vrednost za razvoj hroni¢nog posthirurskog bola nakon totalne
artroplastike kolena. Pacijenti sa centralno iniciranom senzitiza-
cijom imaju nedovoljno smanjenje intenziteta bola nakon totalne
artroplastike kolena. Zenski pol je povezan sa ve¢im vrednostima
uslovne modulacije bola i ja¢im akutnim i hroni¢nim
posthirur$kim bolom, izdvajajuéi se na taj na¢in kao faktor rizika
za hronifikaciju bola. Zaklju¢ak. Cini se da su modaliteti kvan-
titativnog senzornog testiranja kao §to su temporalna sumacija
bola, uslovna modulacija bola i prag bola na pritisak najper-
spektivniji modaliteti za pouzdano predvidanje postoperativnog
bola uz pomo¢ kvantitativnog senzornog testiranja. Pacijenti kod
kojih se detektuje prisustvo centralne senzitizacije imaju slabiju
redukciju intenziteta bola nakon totalne artroplastike kolena.
Kljucne redi: osteoartritis; prognoza; totalna artroplastika ko-
lena; ishod lecenja; merenje bola; senzitizacija centralnog nerv-
nog sistema; postoperativni bol
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Abbreviations

OA - osteoarthritis

KOA - knee osteoarthritis

CS - central sensitization

CNS - central nervous system

NP - neuropathic pain

CSI - Central Sensitization Inventory
QST - quantitative sensory testing

PDQ - Pain Disability Questionnaire
CPSP - chronic postsurgical pain
TKA - total knee arthroplasty

THA - total hip arthroplasty

TS - temporal summation
CPM - Conditioned Pain Modulation
PPT — pressure pain threshold

WUR - “wind up ratio”
APSP - acute postsurgical pain

Introduction

Osteoarthritis (OA) is a degenerative joint disease
that develops primarily as a result of progressive loss
of articular cartilage. It is the most common joint dis-
order worldwide, with the knee being the most fre-
quently affected joint. OA predominantly affects older
individuals and occurs more often in women. Accord-
ing to its etiology, osteoarthritis is classified as pri-
mary osteoarthritis, which has no identifiable cause,
and secondary osteoarthritis, which arises due to a
known underlying factor such as previous trauma or
surgery, congenital limb malformations, or other con-
ditions. [1,2]. The clinical presentation of osteoarthri-
tis of the knee (KOA) is characterized by the gradual
onset of symptoms including pain during walking and
at the initiation of movement after periods of rest (e.g.,
prolonged lying or sitting), accompanied by reduced
range of motion in the affected joint [3]. Initial man-
agement is based on non-surgical approaches, includ-
ing patient education, physical therapy, and pharma-
cological therapy [4]. These conservative measures do
not halt the degenerative process itself but can substan-
tially reduce pain and functional disability. When con-
servative treatment no longer provides adequate symp-
tom relief, surgical intervention may be indicated [5].

As with many chronic pain conditions, pain mech-
anisms in patients with KOA are multifactorial, complex
and not yet fully understood [6]. Numerous studies have
demonstrated a poor correlation between radiographic
severity and the intensity of pain or degree of disability
in OA [78], highlighting the contribution of biopsycho-
social mechanisms to pain perception in KOA [9].

Pain duration has been shown to correlate with
perceived pain intensity [10]. Present nociceptive in-
put from peripheral tissues, together with altered
modulation by the central nervous system, can initi-
ate central sensitization (CS) [11]. Central sensitiza-
tion is defined as an amplification of neural signaling
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from the periphery in the central nervous system
(CNS), resulting in hypersensitivity [12,13]. The pres-
ence of CS may contribute to the development of a
neuropathic pain (NP) component [14]. Although
knee pain in KOA has been shown to include neuro-
pathic pain (NP) [15,16], the precise mechanisms
leading to CS remain unclear. Furthermore, it is not
tully understood whether elimination of pain through
surgical intervention, such as total knee replacement,
results in reversal or modulation of CS and NP [17].

The Central Sensitization Inventory (CSI) and
various quantitative sensory testing (QST) methods
have been developed to assess clinical markers of CS
[18,19]. SSensory profiling using quantitative sensory
testing (QST), aimed at measuring and quantifying
sensitization-related processes, has become increas-
ingly common in clinical practice for patients with
osteoarthritis. Recent studies have demonstrated that
a substantial proportion of patients with KOA exhibit
widespread hyperalgesia, enhanced temporal summa-
tion of pain, and impaired endogenous pain inhibition
compared with healthy individuals. These alternations
may influence pain transmission pathways and con-
tribute to unfavorable long-term pain outcomes fol-
lowing arthroplasty [20].

Assessment of pain-related functional impairment
is also essential for treatment planning and enhanc-
ing patients’ quality of life [21]. Various instruments
are available for this purpose, among which the Pain
Disability Questionnaire (PDQ) has been shown to
be a reliable and valid tool [22].

When conservative treatment fails to adequately re-
duce pain and improve function in patients with KOA,
quality of life may be significantly compromised, and
Total Knee Arthroplasty (TKA) may be indicated [23].

However, arthroplasty is associated with a consid-
erable prevalence of chronic postsurgical pain (CPSP)
[24], making identification of risk factors for its de-
velopment clinically important. Several predictors
have been proposed, including sociodemographic fac-
tors, pain mechanisms, psychological variables, and
the presence of pain sensitization, yet the exact mech-
anisms underlying chronic pain remain incomplete-
ly understood [25]. Acute postoperative pain has also
been recognized as a key predictor of CPSP and there-
fore represents a potential target for preventive strat-
egies [26]. Current evidence supports the role of CS
as a significant risk factor for persistent pain and pa-
tient dissatisfaction following TKA [12]. Although
advances in pain management and surgical tech-
niques have improved early postoperative recovery
[27], the prevalence of CPSP remains high despite
adequate early postoperative analgesia [28]. After
TKA, reported rates of chronic pain range from 10%
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to 34% and have remained largely unchanged for dec-
ades, often without a surgically identifiable cause [17].
The aim of the review was to analyze the available
literature in order to determine the relevance of QST
in predicting outcomes after TKA and to identify the
most promising QST modalities for this purpose.

Quantitative Sensory Testing in the prediction of
postoperative pain after total knee arthroplasty

QST modalities for reliable prediction of

postoperative pain after TKA

According to current evidence, QST modalities
such as temporal summation (TS) and conditioned
pain modulation (CPM) appear to be the most prom-
ising tools for predicting postoperative pain [29].
Among various surgical populations, QST has dem-
onstrated the strongest predictive value in patients
undergoing orthopedic procedures [30]. In 2021,
Brown et al. conducted a comprehensive literature
review to assess the role of perioperative QST in pre-
dicting acute and chronic postoperative pain across
different surgical disciplines. The authors analyzed
studies employing a wide range of QST modalities to
assess sensory perception, pain thresholds, and pain
tolerance using standardized stimuli. These stimuli
included pressure, vibration, thermal, and electrical
inputs, which are commonly used to evaluate spe-
cific nerve fiber function, detect neuropathic pain,
and identify neurological dysfunction. QST assess-
ments typically measure sensory responses at the
level of stimulus detection, pain threshold, and, when
applicable, pain tolerance. Frequent used QST ther-
mal tests include warm and cold detection thresholds,
heat and cold pain thresholds, and pain intensity elic-
ited by suprathreshold thermal stimuli. Mechanical
testing is typically conducted with von Frey filaments,
and pain thresholds are measured using blunt needles
or pressure cuffs. Allodynia is assessed using soft
materials such as cotton pads or brushes, while vibra-
tion perception is evaluated with tuning forks. Elec-
trical QST modalities include electrical detection
threshold, electrical pain threshold, and electrical
pain tolerance. Pain intensity is typically quantified
using the Numeric Pain Scale and the Visual Ana-
logue Scale. The studies included in the review pri-
marily focused on preoperative QST assessment
across multiple surgical specialties. Although ortho-
pedic surgery showed the strongest correlation be-
tween preoperative QST findings and postoperative
pain outcomes, no single QST modality was identi-
tied as universally superior across all studies. Never-
theless, TS and CPM emerged as potential predictors
of both acute and chronic postsurgical pain. Brown

et al. concluded that the QST method should be com-
bined with other parameters, such as preoperative
pain intensity, anxiety, and pain catastrophizing, to
enable personalized pain management [29].

QST and PainDETECT questionnaire in the

prediction of postoperative pain after TKA

A recent study by Vygotsky et al. (2024) evaluated
the predictive value of the QST and the PainDETECT
questionnaire for postoperative pain at 3, 6, and 12
months following total knee arthroplasty. The study
included 77 patients with KOA and 41 healthy controls.
QST assessments were performed preoperatively and
repeated at 3 and 6 months postoperatively, followed by
the PainDETECT questionnaire. The QST protocol
comprised pressure pain threshold (PPT), pain toler-
ance threshold, conditioned pain modulation (CPM)
and temporal summation (TS). Preoperatively, patients
with OA exhibited pinprick hyperalgesia on the me-
dial aspect of the affected knee and increased sensitiv-
ity to cuff pressure on the ipsilateral lower leg compared
with healthy controls. Preoperative pinprick hyperal-
gesia and the presence of pain with a neuropathic com-
ponent were significant predictors of both preoperative
pain intensity and pain intensity one year after surgery.
Additionally, lower cuff pressure pain thresholds and
mechanical hyperalgesia induced by needle stimulation
were associated with higher preoperative pain inten-
sity in patients with KOA. Baseline hyperalgesia as-
sessed by TS accounted for 25% of the variance in pain
intensity at 12 months postoperatively, while preopera-
tive NP scores explained 30% and 20% of the variance
in postoperative pain at 6 and 12 months, respectively.
Importantly, a reduction in hyperalgesia at 3 months
after surgery compared with baseline was associated
with lower pain intensity at 12 months following TKA.
These findings suggest that preoperative hyperalgesia
and NP, identified through TS and the PainDETECT
questionnaire, have significant predictive value for the
development of CPSP after TKA [31].

QST and central sensitization inventory in the

prediction of postoperative pain after TKA

Another study published in 2024 investigated
whether pain intensity over time differs among pa-
tients with KOA undergoing TKA based on distinct
somatosensory profiles. The study included 223 pa-
tients (mean age 66 years) and evaluated the evolution
of QST measures and the CSI preoperatively and one
year after TKA. Participants were categorized into
three groups according to changes of somatosensory
functioning across seven variables: local PPT, wide-
spread PPT, local heat allodynia, widespread heat al-
lodynia, TS, CPM, and CSI. The normal group dem-
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onstrated normal somatosensory function both before
and after TKA. The recovered group exhibited im-
paired somatosensory function preoperatively but nor-
malized findings postoperatively. The persistently
impaired group showed abnormal somatosensory
functioning both pre- and postoperatively. Compari-
sons of pain intensity preoperatively, postoperatively,
and one year after TKA revealed significant group dif-
ferences in four of seven variables: local PPT, local heat
allodynia, TS, and CSI. Patients with persistently im-
paired somatosensory function experienced less im-
provement in pain (based on CSI and local heat allo-
dynia) and higher pain scores one year after TKA
(based on CSI, local PPT and heat allodynia, and TS)
compared with patients who maintained normal so-
matosensory functioning. Moreover, this group also
demonstrated worse pain scores at one year compared
with the recovered group (based on CSI). These find-
ings indicate that patients exhibiting centrally medi-
ated sensitization in four out of seven examined vari-
ables are less likely to achieve meaningful pain relief
and exhibit poorer pain scores following TKA [32].

QST and gender in the prediction of postoperative

pain after TKA

When sociodemographic predictors are considered,
female sex is frequently associated with a greater mag-
nitude of the CPM [33] and with more severe APSP
and CPSP [34], although conflicting findings have also
been reported. Several studies based on somatosen-
sory profiling indicate that women tend to exhibit
greater pain sensitivity and enhanced endogenous pain
facilitation [35]. Despite evidence suggesting that wom-
en generally report higher levels of anxiety [36,37],
some studies have demonstrated that the association
between anxiety and pain intensity is stronger in men
[38]. These findings raise the question of whether the
phase of the menstrual cycle should be considered
when interpreting QST results. However, some inves-
tigations report no significant differences in selected
QST parameters and emotional states across different
menstrual cycle phases [39].

Only a limited number of studies have directly
examined the role of gender in the relationship be-
tween QST parameters and postsurgical pain. In a
study by Bossmann et al., impaired endogenous pain
inhibition assessed by CPM was associated with more
severe postsurgical pain in women, but not in men
[40]. These findings highlight the need for a more
detailed evaluation of gender-specific mechanisms
underlying the relationship between QST outcomes
and postoperative pain after TKA.

One of the few studies explicitly addressing gender
as a modifying factor in arthroplasty outcomes was
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conducted by Paredes et al. (2024). The authors inves-
tigated psychological and psychophysical variables
associated with acute and chronic pain following TKA
and total hip arthroplasty, and examined whether
these relationships differed by sex. Assessments were
performed 48 hours preoperatively and three months
postoperatively, and included sociodemographic, pain-
related, and psychological questionnaires, as well as
QST. The study included 63 subjects (31 women, 32
men), of whom 34 (54%) underwent TKA and 29 (46%)
underwent total hip arthroplasty (THA). Notably,
most women underwent TKA, whereas most men un-
derwent THA. Significant sex-related differences in
QST parameters were observed at the hand, including
mechanical stimulus detection thresholds, “wind up
ratio” (WUR), and CPM. Women demonstrated low-
er mechanical sensitivity (higher mechanical stimulus
detection threshold), greater pain facilitation (higher
WUR) at both the hand and the affected joint, and
reduced pain inhibition (higher CPM values) at the
affected joint. No significant sex-based differences
were observed in the analyzed variables 48 hours after
surgery. However, at three months postoperatively,
women reported significantly higher pain intensity
than men. Acute postsurgical pain (APSP) at 48 hours
was associated with impaired CPM, while CPSP at
three months was associated with female sex, longer
duration of preoperative pain, TKA, higher APSP in-
tensity, and impaired CPM. In multivariate analysis,
these clinical variables remained significant predictors
of CPSP, with the exception of sex and CPM. Impor-
tantly, WUR was a significant predictor of APSP in
men, whereas CPM was a significant predictor of CPSP
in women. CPM of the affected joint emerged as the
only QST measure demonstrating significant results
at both time points: CPM assessed at the hand was
related to acute pain, while CPM assessed at the af-
fected joint was related to chronic pain. At both assess-
ments, higher pain intensity was observed in patients
with less efficient pain inhibition (higher CPM score).
Patients with effective CPM at the hand experienced
less pain at 48 hours, whereas those with effective CPM
at the affected joint reported less pain at three months
postoperatively. None of the psychological variables
examined were significantly associated with pain in-
tensity at either postoperative time point. In this trial,
women reported higher pain intensity preoperatively
and at three months postoperatively, supporting previ-
ous evidence that female sex is a risk factor for pain
chronification [41]. It is important to note that most
women in this study underwent TKA, whereas most
men underwent THA. Since THA is associated with
lower incidence of CPSP than TKA [42], and TKA is
known to be associated with greater postoperative pain
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and lower improvement rates [43], the observed sex-
related differences in CPSP may be partially attribut-
able to procedure-specific factors. Furthermore, wom-
en tend to undergo surgery at more advanced stages
of osteoarthritis, often with a longer duration of preop-
erative pain, which may contribute to greater pain
severity both before and after surgery [41].

Conclusion

Given the increasing prevalence of knee osteoarthri-
tis, it is essential to identify reliable methods for predict-
ing outcomes following operative treatment, particu-
larly total knee arthroplasty, in order to optimize post-
operative pain management. Quantitative sensory test-
ing modalities — especially pressure pain threshold,
temporal summation, and conditioned pain modulation

- have emerged as the most promising tools within
quantitative sensory testing for predicting postoperative
pain outcomes.

Evidence indicates that specific quantitative sensory
testing parameters are associated with an increased risk
of acute and chronic postsurgical pain, and that the as-
sociations may differ according to gender. This under-
scores the importance of recognizing that risk factors
for pain chronification are not uniformly applicable to
all patients, and that predictive models must be tailored
to specific patient subgroups. The moderating role of
gender may help explain the conflicting findings re-
ported in the quantitative sensory testing literature.
Future research should take into account the type of
surgical procedure (total knee arthroplasty versus total
hip arthroplasty) when assessing postoperative pain
outcomes.
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