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Abstract
The objective of this study is to determine whether the change in pain intensity over time differs between somatosensory func-
tioning evolution profiles in knee osteoarthritis (KOA) patients undergoing total knee arthroplasty (TKA). This longitudinal 
prospective cohort study, conducted between March 2018 and July 2023, included KOA patients undergoing TKA in four hos-
pitals in Belgium and the Netherlands. The evolution of the Knee Injury and Osteoarthritis Outcome Score (KOOS) subscale 
pain over time (baseline, 3 months, and 1 year post-TKA scores) was the outcome variable. The evolution scores of quantitative 
sensory testing (QST) and Central Sensitization Inventory (CSI) over time (baseline and 1 year post-TKA scores) were used to 
make subgroups. Participants were divided into separate normal, recovered, and persistent disturbed somatosensory subgroups 
based on the CSI, local and widespread pressure pain threshold [PPT] and heat allodynia, temporal summation [TS], and con-
ditioned pain modulation [CPM]. Linear mixed model analyses were performed. Two hundred twenty-three participants were 
included. The persistent disturbed somatosensory functioning group had less pronounced pain improvement (based on CSI and 
local heat allodynia) and worse pain scores 1 year post-TKA (based on CSI, local PPT and heat allodynia, and TS) compared to 
the normal somatosensory functioning group. This persistent group also had worse pain scores 1 year post-TKA compared to 
the recovered group (based on CSI). The study suggests the presence of a “centrally driven central sensitization” subgroup in 
KOA patients awaiting TKA in four of seven grouping variables, comprising their less pain improvement or worse pain score 
after TKA. Future research should validate these findings further. The protocol is registered at clinicaltrials.gov (NCT05380648).
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Key points
• A normal, recovered, and persistent disturbed somatosensory functioning group in knee osteoarthritis patients undergoing total knee arthroplasty 

is proposed based on quantitative sensory testing and the Central Sensitization Inventory.
• The persistent disturbed somatosensory functioning group classified according to the Central Sensitization Inventory had no pain improvement 1 

year after total knee arthroplasty.
• The persistent disturbed somatosensory functioning group classified according to the Central Sensitization Inventory is a possible “centrally 

driven disturbed somatosensory functioning” group.
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Introduction

Knee osteoarthritis (KOA) is the third most prevalent mus-
culoskeletal disorder in the world [1], causing substantial 
chronic pain and disability [2]. When conservative treat-
ments are ineffective, and patients still continue to experi-
ence joint symptoms that significantly impact their quality of 
life, a total knee arthroplasty (TKA) is advised [3]. Despite 
the high TKA success rate, approximately 20% of patients 
experience chronic post-TKA pain [4–6]. Various biopsy-
chosocial contributors have shown to be associated with this 
chronic post-TKA pain [7].

One notable potential biological contributor to chronic 
post-TKA pain is hypersensitivity of the central nervous 
system [7–10]. This is reflected in the disturbance of soma-
tosensory functioning, leading to hyperexcitability of the 
facilitatory ascending nerve pathways, along with reduced 
descending inhibition and changes in brain structures [11, 
12]. Quantitative sensory testing (QST) and the Central 
Sensitization Inventory (CSI) are often used to measure 
this central nervous system disturbance[13], and disturbed 
somatosensory processing itself has been reported to be 
associated with chronic post-TKA pain [7, 9]. KOA pain 
is currently categorized as “chronic secondary MSK pain,” 
which means that pain is associated and maintained by the 
osteoarthritis disease itself [14]. Interestingly, one might 
expect that if all KOA patients suffered “chronic second-
ary MSK pain” solely [14], the pain and possible disturbed 
somatosensory functioning would resolve after effective 
treatment of KOA (i.e., TKA). This would imply that the 
disturbed somatosensory functioning is more peripherally 
driven (i.e., caused by an ongoing source of nociception and 
therefore indeed “chronic secondary MSK pain”). However, 
as ± 20% of patients continue experiencing chronic pain after 
TKA, and considering that the normalization of somatosen-
sory functioning is not consistent in KOA patients after TKA 
[4, 6, 12, 15], this theory is being challenged.

Hence, it is postulated that in a subgroup of KOA patients, 
pain and somatosensory disturbances are more centrally 
driven, less reliant on peripheral source of nociception (and 
rather to be classified as “chronic primary MSK pain,” in 
which pain has become a condition on its own right [14]). 
Consequently, this subgroup may not experience full ameliora-
tion of pain and disturbed somatosensory functioning after sur-
gery. This finding would warrant a broader treatment approach 
beyond the exclusive focus on the peripheral aspect, such as a 
more comprehensive modern neuroscience approach, includ-
ing pain neuroscience education, cognitive behavioral therapy, 
and cognition-targeted exercise therapy [16, 17].

In light of these considerations, a previous systematic review 
showed that unfortunately most studies lacked subgroup-
ing based on somatosensory functioning in KOA patients 

undergoing TKA, despite the association between improve-
ment in some somatosensory functioning parameters and a pain 
improvement over time [15]. Two studies in the UK compared 
KOA patients undergoing TKA based on somatosensory func-
tioning preoperatively, finding higher postoperative pain scores 
6 months post-TKA [18], or a higher proportion of patients with 
moderate to severe 1 year post-TKA pain [19] in a neuropathic-
like pain group compared to a nociceptive pain group. However, 
their somatosensory functioning categorization was limited to 
only preoperative neuropathic pain–like symptoms using the 
painDETECT questionnaire [18–20]. Two other studies in Den-
mark used somatosensory functioning as outcome variable and 
compared chronic postoperative pain groups (one after TKA 
[21] and one after total hip arthroplasty [22]), but only found 
between-group differences regarding temporal summation. 
However, none of the previous studies explored differences 
in post-TKA pain scores or their evolution over time between 
different somatosensory functioning evolution groups. This 
approach has the potential to improve our current understand-
ing of pain mechanisms in KOA and post-TKA, as well as to 
identify possible subgroups of KOA patients.

Consequently, this study aimed to determine whether the 
change in pain intensity over time and pain intensity scores 
after TKA differed between somatosensory functioning evo-
lution profiles in KOA patients undergoing TKA. Therefore, 
three somatosensory evolution profiles were defined and patients 
were classified accordingly. The hypothesis was that patients 
who experienced normal somatosensory functioning before 
and after TKA surgery (i.e., normal somatosensory functioning 
group or no indices for central sensitization) and patients who 
experienced disturbed somatosensory functioning before TKA 
surgery, but normalized somatosensory functioning after TKA 
(i.e., recovered somatosensory functioning group as an index for 
peripherally driven central sensitization) had more pain improve-
ment or better pain scores after TKA compared to patients who 
experienced disturbed somatosensory functioning before and 
after TKA (i.e., persistent disturbed somatosensory functioning 
group as index for centrally driven central sensitization).

Materials and methods

The Strengthening The Reporting of Observational studies 
in Epidemiology (STROBE) guidelines for cohort studies 
were used to conduct this multi-center longitudinal pro-
spective cohort study [23]. The protocol is registered at 
clinicaltrials.gov (NCT05380648).

Setting and participants

KOA patients awaiting TKA were recruited in the Univer-
sity Hospital of Antwerp and AZ Monica in Belgium, and 
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the academic Hospital of Maastricht and St. Jans Gasthuis 
Weert in the Netherlands between March 2018 and July 
2022. The study was approved by the respective ethical 
committees (BE300201319366 and NL6465408618).

Participants were eligible if diagnosed with KOA, were 
awaiting TKA, and aged ≥ 40 years. They were excluded 
if they experienced neurological or systemic diseases 
possibly impacting their pain, and were unable to speak 
or understand Dutch. After signing informed consent, 
participants completed a demographic, a somatosensory 
functioning (grouping variable), and a pain-related ques-
tionnaire (outcome variable) on paper or online via Qual-
trics (www.​qualt​rics.​com). After a practical skills train-
ing, two executive researchers (S.V. or L.M.) conducted 
the QST measurements (other grouping variables) at the 
Sensoric Functioning Lab (M2SENS) at the University of 
Antwerp’s campus “Drie Eiken” (Belgian participants), 
or at the orthopedic department of the academic Hos-
pital of Maastricht and St. Jans Gasthuis Weert (Dutch 
participants) with standardized measurement forms. As 
this was a longitudinal study, data collection occurred 
between March 2018 and July 2023 at the following time 
points: 4 weeks pre-TKA (baseline), 3 months, and 1 year 
post-TKA. All participants had to stop first-stage pain 
medication, coffee, and alcohol 24 h before the physical 
measurements.

Outcome variable

The outcome variable “pain intensity evolution from 
baseline to 3 months and 1 year post-TKA” was measured 
with the Knee Injury and Osteoarthritis Outcome Score 
(KOOS) subscale pain. The questionnaire comprises nine 
questions with a percentage score ranging from 0 (worst 
pain) to 100 (no pain) [24]. The KOOS is a reliable and 
valid questionnaire in KOA patients [25, 26].

Group classifications

Indices of somatosensory functioning were assessed at 
baseline and 1 year post-TKA with the Central Sensiti-
zation Inventory (CSI) and QST. The CSI, pressure pain 
thresholds [PPTs], heat allodynia, temporal summation 
[TS], and conditioned pain modulation [CPM] were used 
to make group classifications. More details about the 
measurement methods [27–30] and the decision about 
“normal” somatosensory functioning [31–36] can be found 
in Table 1.

For each somatosensory functioning variable (local PPT, 
widespread PPT, local heat allodynia, widespread heat allo-
dynia, TS, CPM, and CSI) criteria were defined to catego-
rize participants as “normal somatosensory functioning,” 

“recovered somatosensory functioning,” or “persistent dis-
turbed somatosensory functioning.” This categorization was 
done for each single variable, and as such the number of par-
ticipants in the somatosensory functioning groups differed 
slightly for each variable. Details about this categorization 
can be found in Table 2.

Sample size

The sample size calculation of this project was based on 
the method of Diggle et al. [37]. Considering a minimal 
clinically important difference (MCID) of eight points in 
the KOOS subscale pain, 16 points as within-group stand-
ard deviation after TKA [24, 38], three measurement points, 
a confidence level of 0.05, and power of 0.80, at least 25 
subjects per group were necessary [37]. Anticipating dis-
turbed somatosensory functioning in 30% of KOA patients 
[10, 39], we hypothesized that 15% would have disturbed 
somatosensory functioning at baseline and 1 year post-TKA. 
Therefore, at least 223 participants were necessary to recruit 
to encounter a loss-to-follow-up of 25%.

Statistical analyses

Statistical analyses were conducted using the IBM Statis-
tical Package for Social Sciences Version 29 (SPSS, IBM 
Corporation, Armonk, NY) and R software (version 4.2.3) 
for multiple imputation. Boxplots were used to check uni-
variate outliers, which were only deleted if unreasonable. 
Missing data were handled with multiple imputation (n = 10 
imputed datasets) using predictive mean matching with the 
“mice” package in R [40]. To decrease the amount of group-
ing variables for defining somatosensory functioning groups, 
univariate association analyses using the Pearson correlation 
and Wilcoxon rank-sum tests between the different QST var-
iables were performed. When variables were at least moder-
ately correlated (correlation coefficient r ≥ 0.40), they were 
merged by taking the average of both values (if they meas-
ured the same somatosensory construct), and otherwise, 
only one variable was chosen for further analyses based on 
expertise and consistency with previous research. Demo-
graphic data was presented as mean and standard deviation 
(continuous data), and as number and frequency (categorical 
data). All data was pooled according to Rubin’s rules [41].

Thereafter, seven linear mixed models for repeated meas-
ures analyses were performed (local and widespread PPT 
and heat allodynia, TS, CPM, and CSI used to make seven 
normal, resolved, and persistent disturbed somatosensory 
functioning groups). Time, somatosensory functioning 
group, time x somatosensory functioning group (interac-
tion term), and covariates (age and sex) were used as fixed 
effects. Subject identification was used as random effect. 
Residuals were checked for normality with a histogram and 

http://www.qualtrics.com
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homogeneity of variance with a scatterplot. The median 
p-value of the interaction of all imputed datasets was calcu-
lated [42]. Least squares estimated means intervals and 95% 
confidence intervals were calculated and pooled according 
to Rubin’s rules [41]. Within-group, between-group at each 
time point, and interaction results are reported. A Benja-
mini–Hochberg correction was applied to correct for mul-
tiple testing and the significance level was therefore set to 
p < 0.028 [43]. If results were significant, post hoc analyses 
were performed, and a Bonferroni correction was applied to 
the post hoc p-values and corrected to p < 0.05.

Results

Participants

The study included 223 KOA participants with a mean age 
of 66 years old (standard deviation [SD] = 7.66) and 111 
(49.8%) being female. Most participants had TKA surgery 
in AZ Monica (129 or 58% of participants), followed by 
SJG Weert (51 or 23% of participants, University Hospi-
tal of Antwerp (41 or 18% of participants), and University 
Hospital of Maastricht (2 or 1% of participants). Out of the 
223 participants, 166 (75% of participants) had a Kellgren 
and Lawrence scale 3 or 4 (the higher, the worse structural 
KOA). Eighteen participants (8% of participants) were 
tested > 4 weeks preoperatively due to COVID-19 surgery 
postponement; however, no differences between groups 
regarding outcome variable and group division were found 
(p > 0.05).

Missing data analysis

The KOOS subscale pain had 5.4% (12 participants) miss-
ing data at baseline, 22.0% (49 participants) at 3 months 
post-TKA, and 24.7% (55 participants) at post-TKA. Base-
line missingness was mainly due to participants who forgot 
to complete questionnaires before surgery, while missing-
ness at follow-up was due to exclusion of participants 
(diagnosed with rheumatoid arthritis diagnosis, cancer, or 
neuropathic pain symptoms in the lower legs due to hernia 
– 2.3%, 5 participants), and primarily from losses-to-fol-
low-up (unreachable, time constraints, or planned revision 
– 22.4%, 50 participants). Grouping variables had missing 
data ranging from 1.3 to 34.1% (3 to 76 participants). The 
missing data at baseline stemmed from participants absent 
during the planned physical testing (1.3%, 3 participants), 
absence of the baseline PPT measured at forehead because 
of protocol updates at February 2019 for future project 
purposes (17%, 38 participants), and missing CPM data 

due to device issues or reported absence of pain during test 
stimulus (10.8%, 22 participants). At follow-up, missing 
data was due to the same reasons as missingness in the 
KOOS subscale pain.

Details can be found in Supplementary table  S1. 
Because multiple imputation handled missing data, all 
participants (n = 223) were analyzed.

Group division

To avoid an overload of group classifications and to man-
age the interpretation of the somatosensory functioning 
groups correlated QST variables of the same construct 
were combined and averaged: (a) PPTs measured at 
medial and knee joint-line were merged into one local 
PPT (r = 0.711–0.764), (b) PPTs measured at m. Exten-
sor carpi radialis longus and the forehead were merged 
into one widespread PPT (r = 0.650–0.721), (c) heat 
allodynia measured at medial and lateral knee joint-line 
was bundled into local heat allodynia (r = 0.640–0.702), 
and (d) TS measured at the medial knee joint-line and 
medial wrist was also bundled into TS in general 
(r = 0.418–0.501). Regional PPT (measured at m. Tibialis 
anterior) and cold allodynia were not reported as group-
ing variables, because of their moderate to high corre-
lation with local (r = 0.686–0.805) and widespread PPT 
variables (r = 0.526–0.726), and heat allodynia variables 
(r = 0.561–0.727), respectively (supplementary table S2).

Regarding the separate somatosensory functioning 
groups, the number of participants varied depending on 
QST variables or CSI used for subgrouping: 15.07 to 
77.13% (34 to 172 participants) for normal somatosen-
sory functioning, 9.87 to 22.42% (22 to 50 participants) 
for recovered somatosensory functioning, and 12.11 to 
62.33% (27 to 139 participants) for persistent disturbed 
somatosensory functioning (Table 3).

Results of change in pain intensity after surgery 
in different somatosensory evolution groups

Detailed results can be found in Figs. 1 and 2 and Table 4.

Interaction effect (time*group)

Only differences in changes of the KOOS subscale pain over 
time were found between the normal, resolved, and persis-
tent disturbed somatosensory functioning groups classi-
fied according to local heat allodynia (p = 0.011) and CSI 
(p < 0.001). No differences were found regarding the other 
somatosensory functioning grouping variables (p > 0.028). 
Regarding these two significant grouping variables, post hoc 
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analyses showed that the persistent disturbed somatosensory 
group had less pain improvement from baseline to 1 year 
post-TKA compared to the normal somatosensory function-
ing group (p = 0.018 and p = 0.001, respectively). Other post 
hoc analyses were non-significant (p > 0.05).

Within‑group time effect

All somatosensory functioning groups classified accord-
ing to the seven grouping variables experienced an 

Table 3   Number and percentage 
of participants divided by 
somatosensory functioning 
group. Abbreviations: PPT 
pressure pain threshold, THA 
thermal heat allodynia, TS 
temporal summation, CPM 
conditioned pain modulation, 
CSI Central Sensitization 
Inventory

N (% of total sample) Normal somatosensory 
functioning

Recovered somatosen-
sory functioning

Persistent disturbed 
somatosensory func-
tioning

Local PPT 83 (37.22) 40 (17.94) 100 (44.84)
Widespread PPT 81 (36.32) 43 (19.28) 99 (44.39)
Local THA 142 (63.68) 30 (13.45) 51 (22.87)
Widespread THA 133 (59.64) 22 (9.87) 68 (30.49)
TS 132 (59.19) 44 (19.73) 47 (21.08)
CSI 172 (77.13) 24 (10.76) 27 (12.11)
CPM 34 (15.07) 50 (22.42) 139 (62.33)

Fig. 1   Evolution of Knee Injury and Osteoarthritis Outcome Score 
subscale pain over time in the different somatosensory functioning 
groups for pressure pain threshold and thermal allodynia. * = signifi-
cant different between normal and persistent disturbed somatosen-

sory group at 1 year postoperative. ** = significant different between 
normal and recovered somatosensory functioning group at baseline. 
*** = significant interaction effect (time*group)
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improvement of the KOOS subscale pain score from base-
line to 3 months and 1 year after the TKA (p < 0.001), 
except for the persistent disturbed somatosensory group 
classified according to the CSI, which showed no improve-
ment over time (p = 0.213).

Between‑group effect at each time point

Differences between somatosensory functioning groups 
classified according to local PPT (p = 0.009) and heat allo-
dynia (p = 0.003), temporal summation (p = 0.027), and 
CSI (p < 0.001) were found at 1 year post-TKA. At base-
line, also differences between groups classified according 
to CSI were found (p = 0.003). At 1 year post-TKA, post 
hoc analyses showed that the persistent disturbed soma-
tosensory functioning group had worse pain scores com-
pared to the normal somatosensory group (p = 0.009 for 
local PPT, p = 0.003 for local heat allodynia, p = 0.027 for 
temporal summation, and p < 0.001 for CSI), and com-
pared to the recovered somatosensory group (p = 0.044 for 
CSI). At baseline, the recovered somatosensory function-
ing group had worse pain scores compared to the normal 

somatosensory functioning group (p = 0.003 for CSI). No 
other post hoc differences could be found (p > 0.05).

Discussion

This study aimed to determine whether the change in pain 
intensity over time differs between somatosensory function-
ing evolution profiles in KOA patients undergoing TKA. 
This study revealed that the three somatosensory function-
ing subgroups (separately classified according to all seven 
grouping variables) decreased in pain score (= less pain) 
from baseline to 3 months and 1 year post-TKA, except 
for the persistent disturbed somatosensory group classified 
according to the CSI which had no change in pain score over 
time. In addition, the persistent disturbed somatosensory 
functioning group had less pain improvement from base-
line to 1 year post-TKA, and worse pain intensity scores at 
1 year post-TKA compared to the normal somatosensory 
group classified according to local heat allodynia and CSI. 
Moreover, the same subgroup classified according to the CSI 
also exhibited worse pain intensity scores at 1 year post-
TKA compared to the recovered somatosensory functioning 
group. The persistent disturbed somatosensory functioning 

Fig. 2   Evolution of Knee Injury and Osteoarthritis Outcome Score 
subscale pain over time in the different somatosensory functioning 
groups for temporal summation, conditioned pain modulation, and 
the Central Sensitization Inventory. * = significant different between 

normal and persistent disturbed somatosensory group at 1 year post-
operative. ** = significant different between normal and recovered 
somatosensory functioning group at baseline. *** = significant inter-
action effect (time*group)
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Table 4   Evolution of Knee Injury and Osteoarthritis Outcome Score 
subscale pain over time in the different somatosensory function-
ing groups. All p-values (within-group, between-group at each time 
point, and interaction term) < 0.028* (Benjamini–Hochberg cor-
rection), all post hoc p-values underwent a Bonferroni correction 
and p-value set to < 0.05*, all no reported post hoc p-values > 0.05. 
Abbreviations: BL = baseline, FU = follow-up, CI = confidence 

interval, KOOS = Knee Injury and Osteoarthritis Outcome Score, 
PPT = pressure pain threshold, TA = m. Tibialis anterior, MK = medial 
knee, LK = lateral knee, ECRL = m. Extensor carpi radialis longus, 
FH = forehead, TCA​ = thermal cold allodynia, THA = thermal heat 
allodynia, TS = temporal summation, CPM = conditioned pain modu-
lation, CSI = Central Sensitization Inventory

Grouping variable Time point Normal somatosen-
sory functioning

Persistent disturbed 
somatosensory 
functioning

Recovered soma-
tosensory function-
ing

p-value between 
groups at each time 
point and interac-
tion (time*group)

p-value post hoc 
between groups at 
each time point and 
interaction

Estimated mean (95% CI) of KOOS subscale pain

Local PPT BL 46.24 (41.03, 
51.45)

43.50 (38.56, 
48.44)

42.53 (34.72, 
50.33)

0.306

FU1 58.45 (52.25, 
64.66)

54.64 (48.78, 
60.50)

58.20 (50.12, 
66.28)

0.618

FU2 76.53 (70.54, 
82.52)

65.50 (59.95, 
71.05)

70.82 (59.92, 
81.72)

0.009* Normal vs. persistent: 
0.009*

p-value time effect within-group  < 0.001*  < 0.001*  < 0.001* Time*group: 0.202
Widespread PPT BL 46.96 (41.50, 

52.42)
42.68 (37.43, 

47.94)
43.22 (35.91, 

50.54)
0.080

FU1 56.95 (51.11, 
62.80)

56.42 (50.93, 
61.91)

56.71 (49.04, 
64.39)

0.862

FU2 72.51 (67.07, 
77.94)

67.03 (61.01, 
73.06)

74.84 (65.68, 
84.00)

0.238

p-value time effect within-group  < 0.001*  < 0.001*  < 0.001* Time*group: 0.498
Local THA BL 44.99 (41.13, 

48.85)
43.61 (36.74, 

50.48)
42.38 (33.96, 

50.81)
0.612

FU1 59.30 (55.18, 
63.42)

51.68 (43.41, 
59.95)

52.60 (40.63, 
64.58)

0.221

FU2 74.46 (70.51, 
78.42)

60.52 (50.18, 
70.86)

68.78 (58.31, 
78.64)

0.003* Normal vs. persistent: 
0.003*

p-value time effect within-group  < 0.001*  < 0.001*  < 0.001* Time*group: 
0.027*

Normal vs persistent 
BL to FU2: 0.018*

Widespread THA BL 45.62 (41.63, 
49.60)

42.12 (36.05, 
48.18)

43.23 (33.02, 
53.45)

0.359

FU1 59.76 (55.64, 
63.88)

50.82 (43.17, 
58.47)

55.43 (42.78, 
58.09)

0.084

FU2 73.87 (69.50, 
78.23)

64.44 (56.34, 
72.54)

68.46 (56.89, 
80.03)

0.066

p-value time effect within-group  < 0.001*  < 0.001*  < 0.001* Time*group: 0.519
Temporal summa-

tion
BL 46.11 (42.00, 

50.23)
40.91 (32.07, 

49.75)
42.60 (35.49, 

49.71)
0.058

FU1 59.69 (55.46, 
63.92)

49.55 (39.60, 
59.51)

55.06 (47.87, 
62.25)

0.067

FU2 73.55 (69.17, 
77.93)

60.92 (51.67, 
70.17)

71.42 (63.96, 
78.89)

0.027* Normal vs. persistent: 
0.027*

p-value time effect within-group  < 0.001*  < 0.001*  < 0.001* Time*group: 0.344
CPM BL 46.33 (38.03, 

54.64)
44.13 (40.04, 

48.21)
43.57 (36.63, 

50.50)
0.516

FU1 50.33 (40.69, 
59.98)

59.10 (54.46, 
63.74)

54.10 (44.76, 
63.44)

0.156

FU2 66.85 (57.29, 
76.42)

70.40 (65.82, 
74.97)

73.27 (65.65, 
80.90)

0.377

p-value time effect within-group  < 0.001*  < 0.001*  < 0.001* Time*group: 0.100
CSI BL 46.26 (42.83, 

49.68)
39.73 (30.80, 

48.65)
35.65 (25.42, 

45.87)
0.003* Normal vs. recovered: 

0.010*
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group classified according to local PPT and TS also pre-
sented worse pain intensity scores 1 year post-TKA com-
pared to the normal somatosensory functioning group.

Interpretation of findings

Our hypothesis of no or less pain improvement or worse pain 
scores 1 year post-TKA in the persistent disturbed soma-
tosensory functioning group (i.e., indicative of centrally 
driven central sensitization) compared to the other groups 
was only confirmed with the difference in pain improve-
ment over time or pain intensity 1 year post-TKA between 
the normal and persistent disturbed somatosensory group 
classified according to four of the seven grouping variables. 
This aligns with the notion that, especially in the persistent 
disturbed somatosensory functioning group, other factors 
can contribute to persistent post-TKA pain [44], beyond the 
peripheral source of nociception (KOA), and are often over-
looked factors in current rehabilitation [45, 46].

No differences between the recovered somatosensory 
functioning group and the other groups were found, except 
for the 1 year post-TKA pain score between the recovered 
and persistent disturbed somatosensory functioning groups 
according to the CSI group classification. The absence of 
differences in the QST grouping classification variables 
could suggest the likelihood that chronic post-TKA pain is 
also associated with various other preoperative variables 
(including also psychological, sociodemographic, and func-
tional factors [7]), beyond specific somatosensory dysfunc-
tion. This plausible theory gains support from the highly 
clinically relevant differences in the CSI grouping variable, 
which also includes questions about state psychological fac-
tors (a dimension not covered by QST). It is possible that 
delving more into the evolution of psychological variables, 
commonly associated with primary chronic pain [14] and not 
limited to somatosensory dysfunction, may reveal additional 

distinctions. However, future research should confirm or 
refute this proposition.

Notably, pain intensity values at 1 year post-TKA of the 
recovered somatosensory functioning group are in between 
the values of the other two groups. Better scores were seen 
compared to the persistent disturbed somatosensory func-
tioning group, but worse compared to the normal somatosen-
sory functioning group (except for groups based on CPM or 
widespread PPT). This might be an indication that chronic 
pain indeed needs to be approached as a continuum, meaning 
that overlap between different mechanisms (e.g., no, periph-
erally, or centrally driven disturbed somatosensory function-
ing in the current study) can be present [47].

Another possible explanation for the absence in differ-
ences between the recovered and persistent disturbed soma-
tosensory functioning group is, apart from the cut-off of 40 
on the CSI [31], a consensus about the optimal methodology 
to assess disturbed somatosensory functioning, including 
normative and cut-off values is lacking. While we adhered 
to previous literature and theoretical rationale [33–36] in 
defining persisted disturbed vs. non-disturbed somatosen-
sory functioning groups using QST methods, it should be 
acknowledged that this is an exploratory effort, emphasizing 
the need for confirmation in future research.

Relation to previous literature

Two previous studies on somatosensory functioning sub-
groups in KOA patients undergoing TKA [18] showed that 
the preoperative disturbed somatosensory functioning group 
had higher postoperative pain intensity scores 6 months post-
TKA, or a higher proportion of participants with moderate-
to-severe 1 year post-TKA pain [19] compared to the normal 
somatosensory functioning group. This aligns with four of 
our grouping variables, but contrasts with the other three. 
More specifically, our study revealed that this difference 
was only seen between the normal and persistent disturbed 

Table 4   (continued)

Grouping variable Time point Normal somatosen-
sory functioning

Persistent disturbed 
somatosensory 
functioning

Recovered soma-
tosensory function-
ing

p-value between 
groups at each time 
point and interac-
tion (time*group)

p-value post hoc 
between groups at 
each time point and 
interaction

Estimated mean (95% CI) of KOOS subscale pain

FU1 58.58 (54.87, 
62.30)

45.44 (34.90, 
55.98)

55.34 (43.24, 
67.44)

0.106

FU2 75.07 (70.88, 
79.25)

47.08 (35.53, 
58.64)

63.48 (53.29, 
73.68)

 < 0.001* Normal vs. persis-
tent: < 0.001*, 
recovered vs. per-
sistent: 0.044*

p-value time effect within-group  < 0.001* 0.213  < 0.001* Time*group: 
0.003*

Normal vs. persistent 
BL to FU2: 0.001*
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somatosensory functioning group, and not between the 
recovered and normal somatosensory group, suggesting that 
preoperative disturbed somatosensory functioning alone is 
not as strongly associated with worse post-TKA pain scores 
as pre- and postoperative disturbed somatosensory function-
ing. Importantly, these studies relied on baseline painDE-
TECT scale scores to form subgroups (high neuropathic-like 
pain symptoms vs. low neuropathic-like pain symptoms), 
lacking focus on other specific somatosensory functioning 
variables and longitudinal changes as in the current study.

Two additional studies in osteoarthritis also adopted 
subgroup analyses instead of focusing on osteoarthritis 
patients in general, using chronic pain after surgery (NRS 
pain score at 12 months post-TKA ≥ 3 [21], or NRS pain 
score at 6 weeks post total hip arthroplasty > 0 [22]) or not 
(NRS pain score at 12 months < 3, or NRS pain score = 0) 
as grouping variable, and somatosensory functioning as 
outcome variables. Petersen et al. [21] showed significant 
improvement of all PPTs after surgery in the no chronic 
pain group, while the chronic pain group only had sig-
nificant improvement for widespread PPT. However, no 
between-group differences were significant. Similarly, 
Izumi et al. [22] found no differences regarding PPT out-
comes. The current study found between-group differ-
ences classified according to local PPT for 1 year post-
TKA pain, which is in contrast to Petersen et al. [21], 
but no differences between-groups classified according 
to widespread PPT, aligning with both studies [21, 22]. 
Concerning TS, within-group analyses in Izumi et al. [22] 
revealed improvement in the no pain group after surgery, 
but not in the pain group. In addition, Petersen et al. [21] 
also showed worse TS values in the chronic pain subgroup 
compared to the no chronic pain group at 12 months post-
TKA. The current study found that all subgroups classified 
according to TS improved in pain intensity over time, but 
between-group differences classified according to TS were 
also found at 1 year post-TKA. No differences for CPM 
were found in both studies [21, 22], which is also in line 
with findings of the current study.

Implications for future research and clinical practice

The present study represents an initial effort in subgrouping 
based on somatosensory profiles. However, future research 
should further validate these variables and methods to accu-
rately capture somatosensory functioning groups in KOA 
patients due to the existing variability in QST methods [48], 
including cut-offs and normative values. In clinical practice, 
recognizing the potential existence of a “centrally driven 
central sensitization” subgroup in KOA patients, as indi-
cated by the presence of self-reported central sensitization 
according to baseline and 1 year post-TKA CSI scores in the 

current study, can be relevant. Healthcare professionals may 
consider additional therapeutical approaches for this sub-
group, such as multidisciplinary pain management programs 
[49], next to the more peripheral focus of today to achieve 
comprehensive pain relief [16, 17]. This could additionally 
have positive influence on healthcare and society, as lower 
healthcare and society costs are expected when the disorder 
and source of pain are more adequately targeted [50, 51].

Strengths and limitations of the study

This study presents with several strengths. First, this study 
has taken the first step to account for differences in soma-
tosensory functioning evolution within the KOA population 
and whether this is related to the evolution of pain inten-
sity over time. Next, thorough statistical analyses including 
appropriate missing data analysis in combination with the 
presentation of a broad spectrum of different somatosensory 
functioning grouping variables were performed. A limitation 
of this study is the broad range of sample sizes in the differ-
ent somatosensory functioning groups. However, the amount 
of grouping variables was kept to a minimum by bundling 
local and widespread measurements. The different QST 
variables were presented separately, because they measure 
different constructs of (possible) disturbed somatosensory 
functioning (CPM measures the endogenous pain inhibi-
tion system, TS measures the excitability of the ascending 
pathways, etc.) [12]. However, studies that validate the ideal 
methods to assess somatosensory functioning, cut-offs, and 
normative values are necessary. Last, also the CPM method, 
for which patients who had a NRS score of 0/10 on the test 
stimulus were excluded, is a possible limitation. It is possi-
ble that the noxious stimulus was too low to provoke a CPM 
effect and resulted in unexpected results.

Conclusion

The present study classified KOA patients undergoing TKA 
into three somatosensory functioning evolution groups (nor-
mal, persistent disturbed, and recovered) based on seven vari-
ables that were considered proxies of somatosensory function-
ing. The study compared pain intensity evolution from baseline 
to post-TKA and pain intensity at 1 year post-TKA between the 
groups and found differences between the three groups clas-
sified according to four out of seven grouping variables (local 
PPT and heat allodynia, TS, and CSI). The most important 
finding was that the persistent disturbed somatosensory func-
tioning group had less pronounced pain improvement (based 
on CSI and local heat allodynia) and had worse pain scores 
1 year post-TKA (based on CSI, local PPT and heat allodynia, 
and TS) compared to the to normal somatosensory functioning 
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group. The persistent disturbed somatosensory functioning 
group had also worse pain scores 1 year post-TKA compared 
to the recovered group classified according to the CSI. These 
are preliminary results suggesting a “centrally driven central 
sensitization” subgroup in KOA patients awaiting TKA, com-
prising their less pain improvement and disturbed somatosen-
sory functioning after TKA. Future research should further 
validate methods, cut-offs, and normative values to adequately 
assess somatosensory functioning, including studies with big-
ger sample sizes regarding the disturbed somatosensory func-
tioning group.
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