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Abstract
Background: Some patients with postoperative hip fractures (HF) experience persistent severe pain. In
this longitudinal study, we examined the characteristics of patients with persistent pain after HF surgery,
and the factors influencing pain intensity.
Methods:We conducted an 8-week prospective study in patients with postsurgical HF. Verbal rating scale
(VRS), andmultifaceted outcomes, including pressure pain threshold (PPT) (affected site and biceps), were
evaluated at 2, 4, and 8 weeks postoperatively. Patients were divided into mild (VRS ≤1) and severe (VRS ≥2)
groups according to pain intensity at 8 weeks postoperatively. Statistical analyses were performed using
two-way ANOVA and decision-tree analysis.
Results: VRS, PPT at the affected site and biceps, and physical activity (PA) time were significantly lower in
the severe group than in the mild group 2 weeks postoperatively. VRS, PPT at the affected site, pain
catastrophizing (PCS)-13, and the Tampa Scale for Kineshiophobia (TSK)-11 did not show significant
improvements in the severe group. Decision tree analysis revealed that the VRS and PCS-13 at 4 weeks, PA
time at 2 weeks, and TSK-11 change between 4 weeks and 2 weeks were factors influencing severe pain
intensity at 8 weeks after HF surgery.
Conclusion: Persistent severe pain after HF surgery was characterised by high peripheral and central
sensitisation, pain catastrophizing, and reduced PA at 2 weeks after HF surgery. In addition, early pain
intensity, pain catastrophizing, and PAmay be hierarchically influential factors for persistent pain 8 weeks
after HF surgery.
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Introduction

Hip fracture (HF) is one of the most common fragility
fractures, and its incidence is expected to increase.1 In
most cases, surgery is indicated after injury and reha-
bilitation is initiated immediately in the postoperative
period to restore activities of daily living (ADL).
Chronic postsurgical pain (CPSP) is an important
problem in these patients and is known to adversely
affect their long-term postsurgical recovery and phys-
ical function.2 The risk factors for CPSP include age,
female sex, and surgery-related factors such as surgical
technique, surgery time, and revision surgery.3 Psy-
chological factors such as pain catastrophizing, fear of
movement, and depression are important risk factors
that increase the incidence of CPSP.4,5 Conversely,
peripheral and central sensitisation are key factors of
transition from acute to chronic pain. Thus, it is im-
portant to objectively and quantitatively assess abnor-
mal pain sensitivity using the quantitative sensory test
(QST), which is a psychophysical assessment method.6

Previous studies using pressure pain threshold (PPT)
have reported that a decrease in PPT at the affected site
reflects peripheral sensitisation. In addition, a decrease
in PPT at a site distant from the affected area may
indicate central sensitisation.7 Patients with hip oste-
oarthritis have been shown to exhibit systemic decrease
in the PPT.8

Pain during the post-acute recovery phases after
HF surgery is considered to be associated with these
patients’ limited mobility, thus it is important to
manage pain appropriately after HF surgery.9 We
previously found that patients with persistent mod-
erate or severe pain during the post-acute recovery
phases, up to 8 weeks after HF surgery had higher
subjective pain intensity and pain catastrophizing at
two and four weeks postoperatively.10 Considering
the association between abnormal pain sensitivity and
CPSP,11 the PPT at the affected or at a distal site may
decrease in patients with persistent moderate or se-
vere pain after HF surgery. However, no studies have
examined these aspects in the acute phase after HF
surgery. Therefore, it is necessary to examine the
characteristics of patients with persistent moderate or
severe pain after HF surgery during 8 weeks based on
multifaceted outcomes, including PPT. In addition,
factors affecting the intensity of persistent pain after
HF surgery remain unknown. Therefore, clarifying
these points would be useful for developing reha-
bilitation strategies to prevent the development of
CPSP. This study aimed to longitudinally examine
the multifaceted characteristics of patients with
persistent severe pain and factors associated with pain
intensity at eight weeks after HF surgery.

Methods

Participants

The study was conducted between September
2021 and January 2024. Patients aged ≥65 years who
were admitted to the emergency department of Na-
gasaki Memorial Hospital with a femoral neck fracture
or femoral transverse fracture following a fall and who
were diagnosed by radiography were included in the
study. Exclusion criteria were conservative treatment,
inability to understand the questionnaire due to cog-
nitive decline, age <65 years, acute exacerbation, and
declined to participate in the study. The study protocol
was approved by the Research Ethical Committee of the
Graduate School of Biomedical Sciences at Nagasaki
University (approval number: 21080501). All the pa-
tients provided signed informed consent. Pain inten-
sity, PPT, pain catastrophizing, fear of movement,
depression, ADL, and physical activity (PA) were
measured by physical therapists at 2, 4, and 8 weeks
postoperatively. Physical function was assessed 4 and
8 weeks after surgery.

Rehabilitation protocol

During the preoperative period, the therapist instructed
the patient on strength training and range of motion
exercises (upper and lower extremities without frac-
tures). No rehabilitation was performed on the day of
the surgery. After surgery, depending on the surgical
treatment (internal fixation or arthroplasty), patients
were initiated on stand up and gait training programs.
The physiotherapist spent more than 60 min/day with
each patient.

Epidemiological background

Height and weight were measured, and the body mass
index (BMI) was calculated. Age, sex, type of fracture
(femoral neck or trochanteric fracture), preoperative
period, type of surgery (bipolar hip arthroplasty [BHA]
or compression hip screw [CHS] or γ-nail or pinning),
and pain medications (celecoxib, acetaminophen,
loxoprofen, and pregabalin), were also recorded. Pre-
admission patient characteristics such as pain (lower
back, hip, knee), comorbidities (Charlson Comorbidity
Index [CCI]), ADL (Barthel Index [BI]), nutritional
status (mini nutritional assessment short-form [MNA-
SF]), and clinical frailty scale (CFS) were also recor-
ded. The CFSwas classified into subcategories (1–3, 4–
5 and 6–9).12 In addition, C-reactive protein (CRP)
was measured as an inflammatory response at 1 week
postoperative, and mini-mental state examination
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(MMSE) as cognitive function at 2 weeks
postoperative.

Measures

Pain intensity. Pain intensity, defined as the level of the
most intense pain of the day, was measured using a
5 point verbal rating scale (VRS; 0: no pain, 1: mild
pain, 2: moderate pain, 3: severe pain, and 4: intoler-
able pain).13

Pressure pain threshold. Deep-tissue pain sensitivity
was assessed using a digital force gauge (RZE-100;
Aikoh Engineering Company, Japan). We assessed the
PPT at the affected and remote sites with the partici-
pants lying in bed. The affected PPT was measured at
six points (2 or 3 cm) around the surgical incision.14

The PPT at the remote site was measured at the biceps
brachii.15 The circular probe was placed at a 90° angle
to the skin and was constantly and gradually pressed.
When the pressure turned into a sharp pain, partici-
pants were instructed to say ‘stop’. Three measure-
ments were repeated at 60 s intervals at each point, and
the average value was used for analysis (Figure 1).14

Pain catastrophizing, fear of movement, and depression
symptoms. The pain catastrophizing scale-13 (PCS-
13) consists of 13 items, and is rated on a 5 point scale
from 0 (not at all) to 4 (always present), with total scores
ranging from 0 to 52 and higher scores indicating
greater catastrophizing.16 The Tampa scale for
kinesiophobia-11 (TSK-11) was used to evaluate fear of
movement and consisted of 11 items, each rated on a 4-
point scale from 1 (not at all agree) to 4 (strongly agree).
Therefore, the range of scores is 11 to 44, with higher
scores indicating stronger fear.17 The Japanese version

of the 5 item geriatric depression scale (GDS-5) was
used to assess depressive symptoms. It consists of five
items, with scores ranging from 0 to 5, with higher
scores indicating stronger depression.18

Activities of daily living. We used motor-FIM to mea-
sure general ADL. Themotor-FIM consists of 13 items
and measures the degree of impairment in performing
basic ADL. The motor-FIM is a 7-point scale with
scores ranging from 13 to 91 points.19

Physical activity. Life coder GS, which is a uniaxial
accelerometer, was used to evaluate the amount of PA.
This is a compact device that classifies exercise intensity
(1.8-8.3 METs) based on acceleration during move-
ment and can calculate activity time for each exercise
intensity; the validity of exercise intensity and accuracy
of step count measurement has been verified.20,21 The
participants were asked to always wear the Life coder
GS near the superior anterior iliac spine on the non-
operative side, except when bathing, and the amount of
PA was monitored. The data used for the analysis were
the average of the total activity time during 2, 4, and
8 weeks postoperatively, which was defined as the
PA time.

Physical function. Physical function was assessed using
the 30 s chair stand test (CS-30) and 6 min walk distance
(6MWD). TheCS-30 test measures the number of times
a person stands up from a chair in 30 s, with higher
standing numbers indicating greater lower limb muscle
strength.22 The 6MWDwas measured to assess whether
functional exercise capacity correlated with physical fit-
ness.23 Participants were instructed to walk as far as
possible for 6 min and rest while standing during the test;
however, the test would be stopped in case they sat down.

Figure 1. Participants assessed two points of the surgical incision (3 cm ventral and 3 cm dorsal) and biceps brachii using a
digital force gauge (RZE-100, Aikoh Engineering Company, Japan) while lying on bed. (a) surgical incision (3 cm ventral). (b)
surgical incision (3 cm dorsal). (c) biceps brachii.

Nomoto et al. 3



To prevent the participant from falling, the evaluator
accompanied the participant to the rear side.

Statistical analysis

Persistent postoperative pain was defined as pain that
persisted for 8 weeks after surgery. Persistent severe pain
during movement at 8 weeks after surgery was defined as
moderate to severe pain on the VRS (score = 2–4; severe
group), and mild pain was defined as no or mild pain on
the VRS (score = 0–1; mild group) at 8 weeks after
surgery, based on our previous study.10 Unpaired t-tests
or Chi-square tests were used to evaluate significant
differences in patient characteristics before and after
hospital admission between themild and severe groups. A
repeated-measures two-way ANOVAwas applied to each
rating item, with group (mild and severe) and rating
period as factors, to examine the main effect of group,
main effect of rating period, and interaction effects. The
Bonferroni method was applied as a subtest to examine
simplemain effects such as differences in timewithin each
group and differences between groups at each time point.

A decision tree analysis was performed to clarify the
factors influence pain intensity at 8 weeks after surgery by
using classification and regression tree (CART). TheGini
coefficient was used as the branching criterion. The
2 week postoperative decision tree was labelled Model 1,
the 4 week postoperative decision tree was labelledModel
2; and the 2 and 4 week postoperative and 4 week-2 week
(Δ-score) were labelled Model 3. In Model 1, 8 week
postoperativeVRS score served as the dependent variable,
while the 10 items, including the baseline survey items
(age andMMSE) and each assessment item served as the
independent variables. In Model 2, the 8 week postop-
erative VRSwas the dependent variable, and the 12 items,
including baseline survey items (age, MMSE) and each
assessment item, were entered as independent variables.
InModel 3, the decision tree analysis with VRS at 8 weeks
postoperatively served as the dependent variable while the
28 items, including baseline survey items, each assess-
ment item at 2 and 4 weeks, and their Δ-score, served as
independent variables. In the decision tree analysis, the
maximum tree depth was set to 5, the minimum number
of cases before analysis was set to 20, and the minimum
number of cases after analysis was set to 6. Statistical
analyses of patient characteristics and two-way ANOVA
were performed using IBM SPSS Statistics version
22 software, with a significance level of <5%. The de-
cision tree analysis was performed using JASP 0.18.1.

Results
Between September 2021 and January 2024, 187 pa-
tients with HF were admitted to our hospital. Patients

who received conservative treatment (n = 4), those who
could not understand questions due to cognitive dys-
function (n = 76), those under 65 years of age (n = 6),
those with acute exacerbations (n= 13), those who were
unable to walk before the injury (n = 6), and those who
declined to participate, (n = 10), were excluded.
Overall, 72 patients were included in the analysis
(Figure 1). Regarding pain during movement at
8 weeks postoperatively, 25 (34.7%), 29 (40.3%), 14
(19.4%), 3 (4.2%), and 1 (1.4%) of the 72 patients had
a VRS score of 0, 1, 2, and 4, respectively (Figure 2).

Patient characteristics

No significant differences was observed in age, sex,
BMI, type of fracture, pain (lower, hip, knee), CCI, BI,
MNA-SF, CFS, preoperative period, type of surgery,
pain medications, blood loss, operative time, or CRP
levels between the two groups. In contrast, the severe
group had a significantly lower MMSE than the mild
group at 2 weeks postoperatively (Table 1).

Effects of persistent severe pain on pain
intensity, PPT, pain catastrophizing, fear of
movement, depression, ADL, PA, and
physical function

Table 2 shows the results of the repeated-measures two-
way ANOVA with group and evaluation period as the
factors. There were significant time-by-group interac-
tions for the VRS (F = 9.952, p < .001), PPT at the
affected site (F = 9.450, p < .001), PPT at the biceps
(F = 4.424, p = .016), PCS-13 (F = 4.424, p = .016),
and GDS-5 scores (F = 5.051, p = .008). The VRS,
PPT at the affected site, PCS-13, TSK-11, and GDS-5
in the mild group improved significantly at 8 weeks
compared with those at 2 weeks, while the severe group
showed no significant improvement. Both groups
showed significant improvements in PPT at the biceps,
motor-FIM, and PA time points at 8 weeks compared
with 2 weeks. Both groups also showed significant
improvements in CS-30 and 6 MWD at 8 weeks
compared with those at 4 weeks. In contrast, there were
significant main effects of group on the VRS, PPT at the
affected site, PPT at the biceps, PCS-13, TSK-11,
GDS-5, PA times, CS-30, and 6MWD. There were no
significant main effects of group on motor-FIM.

Decision tree analysis

The results of the decision tree analysis are shown in
Figures 3, 4, 5. For Model 1, the R2 was 0.279 and the
root mean squared error (RMSE) was 1.078. For
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Model 2, the R2 was 0.731 and the RMSE was 0.690.
The variable of the first split was VRS (<2 or S2,
Figure 4). In the group with VRS ofS2, the variable of
the second split was PCS-13 score (<21 orS21 point).
In the group with PCS-13 score of S21 point, per-
sistent pain intensity was higher. In the group with
PCS-13 of <21 point, the variable of the third split was
PPT at affected site (S15.6 or <15.6 N). On the other
hand, in the group with VRS of <2, the variable of the
second split was the VRS (0 or 1). In the group with a
VRS of 1, the variable of the third split was motor-FIM
(S53 or <53 points). In the group with motor-FIM
score of <53 points, persistent pain intensity was mild.

For Model 3, the R2 was 0.753 and the RMSE was
0.672. The variable of the first split was VRS at 4 weeks
(<2 orS2, Figure 5). In the group with VRS at 4 weeks
of S2, the variable of the second split was PCS-13 at
4 weeks score (<21 or S21 points). In the group with
PCS-13 at 4 weeks of S21 point, persistent pain in-
tensity was higher. In the group with PCS-13 at 4 weeks
of <21 point, the variable of the third split was PA times
at 2 weeks (S250 or <250 s). In the group with VRS at
4 weeks of <2, the variable of the second split was VRS
at 4 weeks (0 or 1). In the group with VRS of 1, the
variable of the third split was Δ-score of TSK-11. In the
group of the Δ-scoreS-2, the variable of the fourth split
was PCS-13 at 2 weeks (<-15 or S15 points). In the
group with PCS-13 at 2 weeks S15 points, persistent
pain intensity was mild.

Discussion
In this longitudinal study, we investigated the multi-
faceted characteristics of patients with persistent severe
pain after HF surgery. We found that 25.0% of patients

with HF had persistent severe pain at eight weeks
postoperatively, and these patients had multifaceted
psychological and physical problems. The results of the
decision-tree analysis indicate that factors at 4 weeks
postoperatively and those change are more relevant to
pain intensity at 8 weeks postoperatively than factors at
2 weeks postoperatively.

Regarding patient characteristics, MMSE was sig-
nificantly lower in the severe group than in the mild
group. A previous study reported that 15.8% of patients
with postoperative HF and cognitive impairment
continue to experience moderate or severe pain
3 months after surgery.24 Thus, our result is consistent
with previous study24 and cognitive dysfunction may
contribute to persistent severe pain after surgery
for HF.

Patients with persistent severe pain 8 weeks after HF
surgery had moderate or severe pain, peripheral sen-
sitisation, central sensitisation, pain catastrophizing,
and decreased PA from 2 weeks postoperatively. Goto
et al. reported that patients with persistent severe pain
8 weeks after HF surgery had higher subjective pain
intensity and pain catastrophizing at 2 and 4 weeks
postoperatively.10 In addition, peripheral and central
sensitisations were more pronounced in the early
postoperative period. Patients with severe pain
4 months after HF experienced peripheral sensitisation
during the same period.14 Although no previous studies
have investigated the PPT in the early postoperative
period, these findings are consistent with our results.

Furthermore, in patients with persistent severe pain
8 weeks after HF surgery, the amount of PA was low at
2 weeks after HF surgery. Talkowski et al. reported that
PA in the early postoperative period of HF surgery
affects improvement of disability at 3 and 6 months

Figure 2. Flow chart of the number of participants in each study arm.
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after surgery.25 Although, there are no reports exam-
ining whether PA in the early postoperative period
affects persistent severe pain in HF patients, our results
indicate that PA in the early postoperative period may
effect to reduce pain after HF surgery.

Improvements in pain catastrophizing, fear of
movement, and depression were poorer in the severe
than in mild group. In our previous study, patients with
persistent severe pain 8 weeks after HF surgery were
found to have more pain catastrophizing at 2 and
4 weeks postoperatively.10 Alsaleem et al. also reported
that fear of movement at 4–8 weeks was strongly as-
sociated with postoperative pain in patients who un-
dergone total hip arthroplasty.26 Furthermore, Archer

et al. reported that the more depressed patients were
4 weeks after lower extremity trauma surgery, the more
likely they were to have persistent severe pain 1 year
after surgery.27 Thus, patients with high levels of pain
catastrophizing, fear of movement, and depression are
characterised by persistent severe pain.

Although both the mild and severe groups showed
improvements in ADL and physical function, these
outcomes were poorer in the severe group than in the
mild group 8 weeks after HF surgery. Postoperative
rehabilitation after HF surgery improves ADL and
physical function.28 However, pain during the acute
and early post-acute recovery periods after HF surgery
may contribute to functional impairment in these

Table 1. Patient characteristics.

all participants
(n = 72)

Mild group
(n = 54)

Severe group
(n = 18) P value

Age (years) 84.0 ± 8.2 83.1 ± 8.2 86.7 ± 7.7 0.107
Sex Male: 11

Female: 61
Male: 8
Female: 46

Male: 3
Female: 15

0.557

BMI 21.5 ± 3.4 21.4 ± 3.1 21.5 ± 4.2 0.914
Type of fracture Femoral neck fracture (n) 43 35 8 0.168

Trochanteric fracture (n) 29 19 10
Pre-admission Pain Lower back pain 0.450

No (n) 61 14 47
Yes (n) 11 4 7
Hip pain 0.152
No (n) 69 16 53
Yes (n) 3 2 1
Knee pain 0.479
No (n) 60 14 46
Yes (n) 12 4 8

Comorbidities CCI (point) 0.8 ± 1.2 0.8 ± 1.1 0.9 ± 1.2 0.625
ADL BI (point) 91.7 ± 12.5 93.1 ± 10.5 87.2 ± 16.9 0.176
Nutritional status MNA-SF (point) 9.3 ± 2.6 9.5 ± 2.6 8.9 ± 2.6 0.425
Frailty CFS 1-3 (n) 18 8 10 0.606

CFS 4-5 (n) 54 24 30
Preoperative period (days) 5.1 ± 3.3 4.9 ± 3.6 5.4 ± 2.3 0.624
Type of surgery BHA (n) 29 22 7 0.146

Pinning (n) 10 10 0
CHS (n) 9 5 4
γ-nail (n) 24 17 7

Pain medications Celecoxib 11 6 5 0.352
Acetaminophen 46 36 10
Loxoprofen 12 10 2
Pregabalin 3 2 1

Surgery Blood loss (ml) 108.6 ± 90.4 94.5 ± 75.3 152.0 ± 119.8 0.140
Operative time (min) 60.8 ± 13.7 59.2 ± 14.2 65.5 ± 10.9 0.108

CRP at 1week post surgery (mg/dl) 2.5 ± 2.1 2.3 ± 1.9 3.0 ± 2.7 0.379
MMSE at 2weeks after surgery (point) 24.0 ± 3.8 24.6 ± 3.7 22.2 ± 3.9 0.028

Data are presented asmean ± standard deviation or number of patients (%). χ2 Tests: Sex, Type of fracture, Pain, Frailty, Type of surgery, Pain
medications. Unpaired t-tests: BMI, Age, Preoperative period, Blood loss, Operative time, CRP. Mann–Whitney’s U test: CCI, BI, MNA-SF,
MMSE. Significance level: p < .05. BMI, body mass index; CCI, charlson comorbidity index; ADL, activities of daily living; BI, barthel index;
MNA-SF, mini nutritional assessment-short form; CFS, clinical frailty scale; BHA, bipolar hip arthroplasty; CHS, compression hip screw;
CRP, C-reactive protein; MMSE, mini mental state examination.
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Figure 3. Results of the decision tree analysis with 2 weeks. PPT, pressure pain threshold; VRS, verbal rating scale; PCS-13,
pain catastrophizing scale-13; TSK-11, tampa scale for kinesiophobia-11; GDS-5, geriatric depression scale-5.

Figure 4. Results of the decision tree analysis with 4 weeks. VRS, verbal rating scale; PCS-13, pain catastrophizing scale-13;
motor-FIM, motor-functional independence measure; PPT, pressure pain threshold.
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patients.9,10 In addition, considering these previous
studies and our results, ADL and physical function may
be poorly improved in patients with persistent severe
pain at 8 weeks postoperatively for HF.

The results of the decision tree analysis showed that
the first bifurcation was the VRS at 4 weeks in Model 2.
In previous studies, a VRS of ≥2 is classified as severe
pain.29 Therefore, patients complaining of severe pain
at 4 weeks are likely to experience severe pain. Second,
the intensity of persistent pain was higher when the VRS
was ≥2 and the PCS-13 score was ≥21. Birch S, et al.
reported that patients with high levels of preoperative
pain catastrophizing (>21 point) have lower physical
function and more pain after knee arthroplasty than
patients without elevated pain catastrophizing.30 This
report supports our result and, it is consider that pain
catastrophizing would be related to a higher intensity of
persistent pain. In the group with PCS-13 of <21 point,
the variable of the third layer was PPT at affected site
(S15.6 or <15.6 N). Campos et al. reported that the
PPT at the affected site was 14.4 ± 10.5 N in patients
with persistent severe pain even 4 months following HF
surgery.14 Thus, a 14.0–16.0 N or lower for PPT at the
affected site would be associated with severe pain and,
we speculate that increased peripheral sensitisation
4 weeks after HF surgery is associated with higher
persistent pain intensity. However, when the 4 weeks
VRS was <2 in the first branch, the intensity of

persistent pain was higher than that in the other
branches when the motor-FIM was less than 53 points.
Thus, even patients with low pain intensity at week
4 were likely to experience more pain at week 8 if their
ADL declined.

The results of Model 3 showed that the first devi-
ation was the 4 weeks VRS. Persistent pain intensity
increased when the 4 weeks VRS was >2 and the
4 weeks PCS-13 was >21 points, which is similar to
Model 2. In the group with PCS-13 at 4 weeks
of <21 points, the variable of the third layer was PA
times at 2 weeks (S250 or <250 s). Thus, lower PA at
2 weeks after HF surgery may be associated with a
higher intensity of persistent pain. In contrast, in the
group with a VRS of 1, the variable of the third layer was
the TSK-11 at Δ-score. Thus, an improvement in the
fear of movement after HF surgery may be associated
with a higher intensity of persistent pain.

Considering the results of this study, it is necessary
to modify peripheral sensitisation, pain catastrophizing
and fear of movement, and to increase PA in order to
prevent CPSP. Therefore, it is important to combine
not only basic rehabilitation but also a tailored ap-
proach based on amultifaceted evaluation from an early
stage after HF surgery, and future intervention studies
are needed.

This study has certain limitations. First, it was not
possible to examine cases that developed CPSP. In the

Figure 5. Results of the decision tree analysis with Δ-score. VRS, verbal rating scale; PCS-13, pain catastrophizing scale-13;
TSK-11, tampa scale for kinesiophobia-11; PA, physical activity.
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present study, we focused on pain in patients 8 weeks
after HF surgery during hospitalisation to provide early
postoperative pain management. However, long-term
studies are required. Second, Dynamic QST, which
reflects pain modulation in the central nervous system,
was not measured. The Dynamic QST involves the
assessment of temporal summation of pain and con-
ditioned pain modulation.7 However, owing to the
characteristics of the measurement method, it is diffi-
cult to perform these assessments in older adults and
cognitively impaired individuals, and there have been
few previous studies. Therefore, the implementation of
these evaluations will be a subject for further study.
Third, 47 (38.2%) patients were excluded because of
cognitive decline. Future studies should examine the
characteristics of patients with HF and their cognitive
decline. Finally, we were not able to examine the an-
aesthesia, nerve blocks, and opioids. Collecting these
data from the first postoperative day would help us
understand the persistence of severe pain.

Conclusions
Patients with persistent severe pain 8 weeks after HF
surgery were characterised by early severe peripheral
and central sensitisation, pain catastrophizing, and
decreased PA. In addition, the postoperative pain-
related outcomes were poor. In contrast, early pain
intensity, pain catastrophizing, peripheral sensitisation,
improvement in fear of movement, and PA may be
hierarchical factors influencing persistent pain intensity
8 weeks after HF surgery. The results of this study
demonstrate the importance of a longitudinal assess-
ment of nervous system sensitisation, psychological
problems, ADL, and PA.
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