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Abstract: This study compares the incidence, nature, and impact of persistent post-surgical
pain after total knee arthroplasty (TKA) and total hip arthroplasty (THA) and investigates dif-
ferences between these procedures, with the focus on potential presurgical and post-surgical
issues that could be related to the distinct persistent post-surgical pain outcomes between these
two groups. A consecutive sample of 92 patients was assessed prospectively 24 hours before,
48 hours, and 4-6 months after surgery. The data show that TKA patients had a higher likeli-
hood of developing persistent post-surgical pain, of reporting higher pain levels, and of using
more neuropathic descriptors when classifying their pain. In addition, TKA patients more often
reported interference from pain on functional domains, including general activity, walking ability,
and normal work. Demographic factors, like gender and age, along with presurgical clinical
factors like disease onset, existence of medical comorbidities, and other pain problems, may
have contributed to these differences, whereas baseline psychologic factors and functionality
levels did not seem to exert an influence. Heightened acute post-surgical pain experience among
TKA patients could also be related to distinct outcomes for persistent post-surgical pain. Future
prospective studies should therefore collect TKA and THA samples wherein patients are homo-
geneous for demographic and presurgical clinical issues. Overall, these findings contribute to
a small but growing body of literature documenting persistent post-surgical pain after major
arthroplasty, conducted in different countries and across different health care settings.
Keywords: total knee arthroplasty, total hip arthroplasty, persistent post-surgical pain,
demographic factors, clinical factors, psychologic factors

Introduction
Osteoarthritis of the knee and hip is one of the most prevalent chronic disorders in
the elderly population, being characterized by both substantial pain and consider-
able disability in daily activities. Therefore, with the present and anticipated rise in
the aging population, a considerable increase in the prevalence of this condition is
expected.'™

Despite the existence of pharmacologic and conservative treatments aimed at
improving the symptoms of osteoarthritis, total joint replacement surgery, or arthro-
plasty, is the most effective common solution for such a chronic disease. Total knee
arthroplasty (TKA) and total hip arthroplasty (THA) are the last solution to knee and
hip osteoarthritis, usually yielding significant improvements in both functional status
and experience of pain for the majority of patients.” Nevertheless, some patients do
not report amelioration of their condition, either with regard to functional restoration
or pain relief.® Interestingly, a significant number of these nonsuccessful cases do
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not show any abnormal radiologic findings, which suggests
a multifarious set of factors playing a role in this process.*¢
The fact that many patients experience continuing pain and
mobility difficulties after arthroplasty, a surgical procedure
wherein pain relief is a key outcome, may leave patients
confused, concerned, and emotionally upset.”*

Persistent post-surgical pain (PPSP) is a major clinical
problem with significant social and health care costs, and also
causes considerable individual suffering.®!° Recent data from
a systematic review on the prevalence of PPSP after major
joint arthroplasty'! indicate that 7%-23% and 10%-34%
of patients report significant pain after THA and TKA,
respectively. These estimates of PPSP prevalence are usually
based on analyses of improvement in mean pain scores, thus
not accounting for the associated standard deviation, which
implies that some pain patients are not adequately considered
by these statistical figures.!' The recent and growing interest
in these two types of surgery is understandable, given their
expected increase and some as yet unexpected outcomes.
Being better acquainted with the specific features of pain
after each of these two surgical procedures might improve
knowledge on the part of health care practitioners, allowing
clinical planning of preventive and treatment strategies that
could target the prevention of PPSP after major arthroplasty.
Therefore, the present study examined the incidence, nature,
and impact of PPSP after THA and TKA in a Portuguese
population sample. It also investigated potential demo-
graphic, clinical, and psychologic differences between these
two groups before and after surgery.

Materials and methods

Participants and procedures
This was a prospective study conducted in a central hos-
pital in northern Portugal, wherein a consecutive sample
of 130 patients with osteoarthritis was enrolled. Inclusion
criteria were age up to 80 years, being able to understand
written information (and sign informed consent), not pre-
senting any diagnosed psychiatric or neurologic pathology
(eg, psychosis, dementia), having an American Society of
Anesthesiologists (ASA) score between grade I and 11, and
undergoing THA or TKA following diagnosis of coxarthro-
sis or gonarthrosis only. Arthroplasties performed due to
fractures were excluded, as well as hemiarthroplasties and
revision or emergency arthroplasties.

Patients were recruited at the hospital and assessed
24 hours before (T1) and 48 hours after (T2) surgery. Follow-
up assessments were performed during follow-up consulta-
tions 4-6 months later. Figure 1 provides a brief description

of patient flow along the three assessment points. Between the
T1 and T2 measurement points, six patients were withdrawn
because of canceled surgery (n = 3), repeated surgery/reop-
eration (n = 2), and occurrence of post-surgical delirium
(n=1). Ofthe 124 patients with knee or hip arthroplasty who
were assessed both before and after surgery, 32 were lost to
the follow-up assessment at 4—6 months, leaving a sample
of 92 patients for final analysis. These exclusions were due
to post-surgical complications (eg, infection) or accidents
(prosthesis displacement) that required revision arthroplasty
in the operated joint (n = 8), need for arthroplasty in another
joint (n = 7) or no attendance at the follow-up orthopedic
consultation or a mismatch between patient and researcher
timing (n= 17). Results for 92 patients (including 61 women)
with a mean age at surgery of 64.0 + 7.9 years were included
in the analyses for the three time points.

Ethical approval was granted by the hospital eth-
ics committee and all participants had been previously
informed about the study. After giving their consent to be
included, all participants read and signed a written informed
consent form.

Measures

The Portuguese validated versions of the following ques-
tionnaires were administered in a face-to-face interview by
a trained psychologist. Table 1 provides an overview of the
questionnaires administered at each assessment time point.

Sociodemographic questionnaire

The sociodemographic questionnaire included questions on
age, education, residence, marital status, professional status,
household, and parity.

Clinical data questionnaire

The clinical data questionnaire included questions concerning
presurgical history of pain, including its onset, duration, and
frequency, as well as pain due to other causes, pain in other
joints (specifically in the knees and hips), and back pain. Data
on other clinical issues like disease onset, previous surgery,
height, weight, comorbidities, and use of psychotropic drugs
were also collected. The existence of presurgical comorbid
conditions was ascertained by patient interview or extracted
from medical charts. For that purpose, the Deyo-Charlson
comorbidity index'? was used, consisting of a weighted
scale of 17 comorbidities, including hypertension, cardiac,
pulmonary, renal and hepatic disease, diabetes mellitus, and
cancer. The total number of comorbid health conditions was
summed to yield a total score.
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Enroliment
Screened (n = 130)

Included (n = 130)

T
24 hours before
surgery, complete
assessment (n = 130)

Excluded (n = 6)

.| * Canceled surgery (n = 3)

"] *+ Repeated surgery/reoperation (n = 2)
» ASA status IV along with occurrence
of post-surgical delirium (n = 1)

T2
48 hours after surgery
complete assessment (n =

124)

Excluded (n = 32)

* Reoperation (n = 8)

« Arthroplasty in another joint (n = 7)
* No attendance at the follow-up
orthopedic consultation (n = 17)

T3

4-6 months after surgery,
complete assessment (n = 92)

Figure | Flow chart of THA and TKA patients showing screening, inclusion, and assessment at all data collection points.
Abbreviations: ASA, American Society of Anesthesiologists; THA, total hip arthroplasty; TKA, total knee arthroplasty.

Brief Pain Inventory-short form

The Brief Pain Inventory-short form (BPI-SF)'* measures
pain intensity on an 11-point numerical rating scale (NRS;
from 0 or “no pain” to 10 or “worst pain imaginable”), pain
analgesia, perception of analgesic relief, pain interference

Table | Sociodemographic, clinical and psychological measures
used in each assessment point T1, T2, and T3

Measures TI T2 T3
Sociodemographic questionnaire X
Clinical data questionnaire X X X
Brief Pain Inventory-short form X X X
Neuropathic Pain Questionnaire X
Hospital Anxiety and Depression Scale X X (only anxiety)  x

Revised lliness Perception Questionnaire  x

(shortened version)

Revised Coping Strategies Questionnaire  x

(pain catastrophizing subscale)

Sickness Impact Profile X X

Abbreviations: T, 24 hours before surgery; T2, 48 hours after surgery; T3,
4-6 months after surgery.

in daily activities (general activity, mood, walking, work,
relationships with others, sleep, and enjoyment of life), and
pain location. In this study, the Cronbach’s alpha internal
consistency reliability coefficient' for the pain interference
subscale scores was high (T1, oo = 0.88; T3, 0. = 0.92).

Neuropathic Pain Questionnaire

The Neuropathic Pain Questionnaire (DN4) instrument
assesses pain characteristics/qualities along 10 items,'>!
and was used in this study because previous research has
claimed that PPSP has a potential neuropathic component.'” "
Seven of the items in this instrument concern specific sensory
pain descriptors, like burning, pinpricking, and numbness,
and patients need to answer if their pain has those features
through a dichotomous format (ie, “yes” or “no”). The
last three items are scored on sensory examination of the
patient performed by a clinician. For the purposes of this
study, only the first seven items were used (our sample reli-
ability, oo = 0.67),'* as already described in other studies. !¢
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In order to determine the potential neuropathic PPSP char-
acter, a total score was calculated, based on the sum of the
number of positive answers to the seven pain descriptors
(a score of 1 was given to each positive item and a score of
0 to each negative item), as described elsewhere.'>* The
total score was calculated as the sum of the seven items, and
patients with a total score =3 were considered as presenting
neuropathic pain characteristics.

Hospital Anxiety and Depression Scale

The Hospital Anxiety and Depression Scale (HADS)?!
consists of two seven-item subscales that evaluate anxiety
and depression levels in patients in nonpsychiatric hospital
settings. The item response format is a Likert scale ranging
from 0 to 3, with subscale scores varying between 0 and 21.
Higher scores correspond to higher levels of anxiety and
depression. In the current sample, internal consistency reli-
ability'* was adequate for both anxiety (T1, oo = 0.76; T2,
o =0.83; T3, oo = 0.84) and depression (T1, o = 0.72; T3,
o=0.82).

Revised lliness Perception Questionnaire

The Revised Illness Perception Questionnaire (IPQ-R)*
assesses patient beliefs about the underlying condition that
led to surgery, which in the present study was osteoarthritis.
A psychometrically shortened version® was used, with seven
subscales encompassed by three items each, and focused
on distinct dimensions of illness perception as follows:
“timeline acute/chronic” (a0 = 0.97; eg, “My illness will
last for a long time”); “timeline cyclical” (o0 = 0.57; eg,
“My symptoms come and go in cycles”); “consequences”
(o0 = 0.48; eg, “The disease underlying surgery has major
consequences on my life”); “personal control” (o0 = 0.79;
eg, “I have the power to influence my illness”); “treatment
control” (o = 0.85; eg, “Surgery can control my illness”);
“illness coherence” (0.=0.87; eg, “My illness is a mystery for
me”); and “emotional representation” (¢ = 0.89; eg, “When
I think about my illness I get upset”). With the exception of
the “timeline cyclical” and “consequences” subscales, which
had low internal consistency (0.57 and 0.48, respectively), the
remaining subscales were found to have adequate properties.
Items were classified on a five-point adjective rating scale
(1 = strongly disagree, 2 = disagree, 3 = neither agree or
disagree, 4 = agree, and 5 = strongly agree). To yield each
subscale score, item scores were summed, with each subscale
being rated on a scale of 3—15. Higher scores indicate worst
results, with the exception of the personal and treatment
control subscales.

Pain Catastrophizing Scale

The Pain Catastrophizing Scale of the Coping Strategies
Questionnaire-revised form (CSQ-R)* is a subscale containing
six items that measure pain catastrophizing. Like in previous
studies,?*?7 items were rated on a five-point adjective rating
scale (1 =never, 2 = almost never, 3 = sometimes, 4 = almost
always, and 5 = always) rather than the seven-point scale used
in the original instrument, due to difficulties encountered by
patients in a pilot study when discriminating the seven points.?®
The total subscale score varies between 6 and 30 (the sum of
the six-item scores), with higher scores pointing to greater use
of this specific pain coping strategy. In the current sample, the
Cronbach’s alpha'* was 0.93, indicating good reliability.

Sickness Impact Profile

The Sickness Impact Profile (SIP)*® measures health-related
disability. Ambulation, body care and movement, mobility,
management in the home, recreation activities, social activi-
ties, emotion, sleep, and rest were the eight subscales included
in this study, providing either an overall score or a specific
score for physical, psychosocial, and other dimensions.
Higher results, expressed as a percentage (0%—100%) are
associated with more limitations. In this study, the internal
consistency reliability'* for the total subscale scores was
adequate (T1, o =0.78; T3, o. = 0.84).

Clinical variables

Clinical data related to surgery, anesthesia, and analgesia
were obtained from medical records. After surgery, standard-
ized postoperative nursing and physical therapy protocols
were used for all patients. Patients were mobilized out of bed
on the second postoperative day, and all had a postoperative
anticoagulation protocol using low molecular weight heparin.
After surgery, patients were given prophylactic systemic
antibiotics and prophylactic anticoagulation to decrease the
risk of deep venous thrombosis. No research-related change
was introduced into the standard clinical protocol. Acute
pain team professionals were blinded as to their patients’
participation in the study.

Surgical procedure
From the sample of 92 patients, 44 (47.8%) underwent TKA
(14 on the left side and 30 on the right side), and 48 (52.2%)
underwent THA (25 on the left side and 23 on the right side).
The surgeries were performed by the team of surgeons in the
orthopedic unit at the hospital.

Anterior-posterior hip and lateral knee radiographs were
taken for THA and TKA patients, respectively, and reviewed
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both immediately after surgery and before the patients
were transferred to the infirmary for continued care. At the
follow-up consultation (T3), radiographs were taken again
in order to ensure that the prosthesis was inserted properly
and that alignment was correct, which was verified for all
patients included in the study sample.

Anesthetic technique

In all patients, the type of anesthesia used was determined
by the health care team according to the usual standard
anesthetic protocols at the hospital, with no research-related
change being introduced. The type of anesthesia used was:
locoregional alone (n = 61/66.3%), which could be spinal
block or epidural; or locoregional (spinal block or epidural)
plus peripheral nerve block (n = 31/33.7%). ASA score
was recorded, including cases of ASA grade I (7/7.6%), 11
(67/72.8%), and 11T (18/19.6%).

Analgesic protocols

After surgery and prior to transfer of the patient to the infir-
mary, a standardized analgesia protocol was implemented
according to the usual standard of care at the hospital. This
was determined and supervised by the acute pain unit, and
led by an anesthesiologist. Delivery of the analgesic protocol
could be intravenous, epidural, or perineural, followed by
oral analgesics on subsequent days.

The standardized intravenous protocol comprised a con-
tinuous infusion of tramadol 600 mg, metamizole 6 g, and
metoclopramide 60 mg delivered by a balloon pump. The
standardized epidural protocol consisted of a continuous
infusion of ropivacaine 0.1% and fentanyl 3 pg/mL delivered
by a balloon pump. The standardized perineural protocol
included a continuous perineural infusion with ropivacaine
0.1% delivered by balloon pump. For all these protocols,
paracetamol 1 g 6/6 h and a nonsteroidal anti-inflammatory
drug (ketorolac 30 mg 12/12 h or parecoxib 40 mg 12/12 h)
were included as adjuvant analgesics. All analgesic regimens
included prokinetic treatment that was standardized to meto-
clopramide (10 mg intravenously 8/8 h). Further, all protocols
allowed for use of rescue analgesia beyond the standardized
ordinary analgesics in patients reporting moderate to severe
acute post-surgical pain (NRS > 3).23!

Statistical analysis

The sample size was determined using G*Power version
3.1.6.% For this, we assumed a medium effect size (d = 0.5),
atype L error (o) of 0.05, and 0.80 statistical power. With these
assumptions, inclusion of 106 patients would be sufficient to

obtain statistically significant results. Since this was a longi-
tudinal study with three assessment time points (T1, T2, and
T3), some patient mortality was expected, so the decision was
taken to include 130 patients. The data were analyzed using
Statistical Package for the Social Sciences version 19.0 soft-
ware (SPSS Inc, Chicago, IL, USA). Internal consistency of
responses to the questionnaires was assessed using Cronbach’s
alpha' (see earlier). Continuous variables are presented either
as the median and range or as the mean and standard devia-
tion, whereas categorical data are presented as the number and
percentage. The primary outcome variable in this study was
the report of any pain, regardless of its intensity, 4—6 months
after arthroplasty and perceived by patients as being linked
to the surgical procedure itself. Hence, for the purposes of
this study, those reporting an NRS value >0 were counted as
presenting PPSP. Accordingly, two groups were considered,
ie, a group without pain (NRS = 0) and a group with pain
(NRS > 0). To understand better the data concerning pain
reports and to facilitate comparison with data from other
studies, patients were classified further according to pain
severity using guidelines published elsewhere.?! Thus, NRS
values of 1-3 corresponded to mild pain levels, NRS values of
4-7 indicated moderate pain, and NRS values of =8 indicated
severe pain. Distribution of the data differed significantly from
normality assumptions, so Mann—Whitney (for continuous
variables) or chi-square (%2 for nominal variables) tests were
used to compare sociodemographic, clinical, and psychologic
measures between the TKA and THA groups. Two-sided tests
were used for all comparisons, with P < 0.05 used to indicate
statistical significance.

Results

Incidence and severity of PPSP
after TKA and THA

Table 2 shows the incidence of pain 4—6 months after THA or
TKA. Ofthe 48 THA patients, 32 (66.7%) reported pain, and
of the 44 TK A patients, 39 (88.6%) reported pain, indicating
that TKA patients had a greater likelihood of developing
PPSP (P=0.012). Table 2 also shows that, of the 32 patients
reporting pain after THA, 18 (56.3%) perceived it on a
daily basis, which did not differ significantly from the pain
frequency patterns observed in the TKA group (P = 0.064).
Concerning PPSP intensity, both worst and average pain lev-
els were significantly higher for TKA patients than for THA
patients (P =0.008 and P =0.003, respectively) on the NRS.
Figures 2 and 3 further illustrate the frequency of pain levels
in the two pain groups, indicating clearly that for both worst
and average pain intensity, the two groups showed distinct
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Table 2 Characteristics and impact of pain 4-6 months after TKA and THA (n=71)

THA (n=32) TKA (n=39) P
n (%) Mean (SD) Median (range) n (%) Mean (SD) Median (range)
Pain report (PPSP)? 32 (66.7%) 39 (88.6%) 0.012
Frequency 0.064
Daily 18 (56.3%) 30 (76.9%)
Several times week 8 (25.0%) 4 (10.3%)
Several times month 6 (18.7%) 5 (12.8%)
Intensity® (NRS 0-10)
Worst level 3.02 (1.60) 3(0.5-7) 4.23 (1.91) 4 (1-10) 0.008
Average level 2.05 (1.12) 2 (0.5-5) 2.92 (1.20) 3 (1-6) 0.003
DN4¢ descriptors
Burning 2 (6.3%) 5 (12.8%) 0.446
Painful cold 0 (0.0%) | (2.6) 1.000
Electric shocks I (3.1%) 7 (17.9%) 0.065
Pins and needles 17 (53.1%) 22 (56.4%) 0.782
Numbness 10 (31.3%) 30 (76.9%) <0.001
Itching Il (34.4%) 12 (30.8%) 0.747
Tingling 8 (25.0%) Il (28.2%) 0.761
DN4- total score 1.78 (1.60) 1 (0-6) 2.67 (1.56) 2 (1-7) 0.013
DN4- total score =3 9 (28.1%) 19 (43.2%) 0.119
Total Pain Interference? 8.63 (9.28) 3(0-28) 13.4 (11.5) 12 (0-50) 0.100
Pain interference (BPI-SF)? 21 (65.6%) 31 (70.5%) 0.189
Subscales pain interference®
General activity 16 (50.0%) 3.50 (0.82) 4(14) 30 (68.2%) 3.27 (1.66) 3(1-8) 0.018
Mood Il (34.4%) 3.00 (1.26) 3 (2-6) 19 (43.2%) 3.16 (1.80) 3(1-8) 0.223
Walking ability 18 (56.2%) 3.78 (1.40) 4 (1-6) 31 (70.5%) 4.23 (1.80) 4 (1-9) 0.035
Normal work 16 (50.0%) 3.63 (1.09) 4 (1-5) 30 (68.2%) 3.33 (1.63) 3(1-8) 0.018
Relationships 3(9.3%) 2.33 (1.53) 2 (1-4) 8 (18.2%) 3.63 (1.19) 3.5 (2-6) 0.324
Sleep 10 (31.2%) 2.90 (2.02) 2 (1-7) 14 (31.8%) 3.64 (1.60) 4 (1-6) 0.680
Enjoyment of life 9 (28.1%) 2.78 (1.30) 3 (1-5) 17 (38.6%) 3.06 (1.56) 3 (1-6) 0.178

Notes: Continuous variables are presented both as mean (SD) and as median (range); categorical variables are presented as n (%). T3, 4-6 months after surgery; *patients
reporting PPSP, defined as NRS >0; °NRS (BPI), NRS 0—10 from BPI; “DN4, Neuropathic Pain Questionnaire; ‘Pain Total Interference Scale 070 from BPI; °specific subscales

of Pain Total Interference Scale 0—10 from BPI.

Abbreviations: BPI-SF, Brief Pain Inventory-short form; THA, total hip arthroplasty; TKA, total knee arthroplasty; NRS, numerical rating scale; PPSP, persistent post-surgical

pain; SD, standard deviation.

trends and distribution. Further, Table 3 shows that, for worst
pain levels, while in the THA sample there were no reports
of severe pain, with a significant majority of patients report-
ing no or mild pain (72.9%), 56.8% of patients in the TKA
sample complained of moderate to severe pain. Concerning
average pain levels, Table 3 indicates that reports of severe
pain ceased and the account of moderate pain levels also
dropped sharply, from 27.1% (worst pain level) to 6.3% in
the THA sample and from 50% (worst pain level) to 25% in
the TKA sample. Accordingly, in terms of average pain, the
majority of patients had mild levels of PPSP, both for THA
(60.4%) and for TKA (63.6%, Table 3).

Descriptors of PPSP

Of the 32 THA patients reporting PPSP, seven did not iden-
tify their pain via any of the DN4 descriptors, 10 reported
one descriptor, and six reported two descriptors. Thus, fol-
lowing the cutoff point of =3, which indicates the potential

neuropathic character of pain,'*"> 23 (71.9%) patients did not
show any pain with neuropathic features (DN4 < 3) and nine
patients (28.1%) presented pain with neuropathic character-
istics (DN4 = 3). Five patients chose three descriptors, one
patient chose four, two patients chose five, one patient chose
six, and none selected all seven descriptors; the mean score
was 1.78 and the median was 1. On the other hand, all 39 TKA
patients with PPSP chose at least one of the DN4 descriptors
to characterize their pain. Eleven patients chose one descrip-
tor and ten patients chose two descriptors. Hence, following
the cutoff point of =3, 18 patients (46.2%) presented pain
with a potentially neuropathic character (DN4 = 3). In this
group, seven patients selected three descriptors, six patients
selected four, three patients selected five, one patient selected
six, and one patient selected all seven descriptors; the mean
score was 2.67 and the median was 2. Concerning the total
number of pain descriptors chosen, TKA patients chose sig-
nificantly more descriptors than THA patients (P = 0.013),
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Figure 2 Comparison between THA and TKA on NRS (x-axis) of worst pain level 4-6 months after surgery (y-axis depicts number of patients reporting each score).
Abbreviations: THA, total hip arthroplasty; TKA, total knee arthroplasty; NRS, numerical rating scale.

but did not show a higher likelihood of reporting PPSP with
neuropathic features (P = 0.119). Moreover, concerning the
frequency of use of each descriptor, numbness was the only
descriptor for which the arthroplasty subgroups differed
significantly (P < 0.001), with TKA patients characterizing
PPSP with this descriptor more often (Table 2).

Impact of PPSP interference

Not all patients reporting PPSP indicated interference from
pain. Sixty-five percent of THA patients and 70.5% of TKA
patients complained of some type of interference from pain,
but this difference was not statistically significant between
the two groups (Table 2). Within these figures, Table 2
specifies the life domains wherein PPSP exerted some type
of interference. General activity, walking ability, and normal
work were described by both arthroplasty groups as being the

20
18
16
14
12
1

Number of patients

o N A OO 0 O
1

0 1 2 3 4

main life domains affected by pain, although such interfer-
ence was significantly higher for TKA patients (P = 0.018,
P =0.035, and P =0.018, respectively). For other areas, ie,
mood, relationships, sleep, and enjoyment of life, some inter-
ference from pain was still reported, although by less than
half of patients in each sample and not yielding significant
differences between the two arthroplasty groups.

In sum, regarding PPSP after THA and TKA, 66.7% and
88.6% of patients, respectively, reported pain of any intensity
(NRS > 0) 4-6 months after having undergone the surgical
procedure. When further examining potential differences
between the two arthroplasty groups, the data showed that,
when compared with THA patients, TKA patients showed a
higher likelihood of developing PPSP, as well as of reporting
higher pain levels and used more neuropathic descriptors
when classifying their pain, ie, numbness, albeit not having

mTHA
TKA

5 6 7 8 9 10

Pain intensity (NRS)

Figure 3 Comparison between THA and TKA on NRS (x-axis) of average pain level 4-6 months after surgery (y-axis depicts number of patients reporting each score).
Abbreviations: THA, total hip arthroplasty; TKA, total knee arthroplasty; NRS, numerical rating scale.
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Table 3 Distribution of patients across each pain severity group
4—-6 months after THA and TKA (n = 92)

PPSP groups  Average level Worst level

(NRS 0-10) THA TKA THA TKA
(n=48) (n=44) (n=48) (n=44)

No pain 16 (33.3%) 5 (11.4%) 16 (33.3%) 5 (11.4%)

(NRS, 0)

Mild pain 29 (60.4%) 28 (63.6%) 19 (39.6%) 14 (31.8%)

(NRS, 1-3)

Moderate pain 3 (6.3%) 11 (25.0%) 13 (27.1%) 22 (50.0%)

(NRS, 4-7)

Severe pain 0 (0.00%) 0 (0.00%) 0 (0.00%) 3 (6.8%)

(NRS, 8-10)

Note: Data are presented as n (%).

Abbreviations: NRS (BPI), Numerical Rating Scale 0—10 from Brief Pain Inventory;
THA, total hip arthroplasty; TKA, total knee arthroplasty; PPSP, persistent post-
surgical pain.

a higher odds of revealing a definitive neuropathic type of
pain. In addition, TKA patients referred more often to pain
interference on domains such as general activity, walking
ability, and normal work.

Sociodemographic, clinical,
and psychologic measures
At T1, and regarding baseline measures, the arthroplasty
groups did not differ on any sociodemographic measure,
except for age and gender. As shown in Table 4, patients
undergoing TKA were older than those undergoing THA
(P=0.018), and included more women than men (P =0.033).
Both groups were similar concerning clinical measures like
body mass index and previous surgical procedures; however,
TKA patients reported a longer duration of surgical disease
(P=0.019) and had more medical comorbidities (P = 0.040).
Although the groups did not differ in terms of presurgical
pain intensity or total presurgical pain interference levels with
regard to activities of daily living, TKA patients reported
presurgical pain of longer duration (P = 0.009). Further,
TKA patients reported pain due to other causes more often
(P =0.009) and pain in other joints (P = 0.023, Table 4).
The two arthroplasty groups did not differ regarding
baseline psychologic measures, with the exception of ill-
ness coherence concerning the surgical disease, which was
lower in THA patients (P = 0.037, Table 4), ie, the illness
made less sense for the THA group than for the TKA group.
Moreover, at T2 (48 hours after surgery) and T3 (4—6 months
after arthroplasty), the groups did not show any significant
difference with regard to psychologic factors. The lack of
presurgical baseline differences occurred also on function-
ality levels, with the two surgical groups showing similar

functional status before surgery, albeit not at 4—6 months after
surgery, wherein TKA patients showed the worst functional-
ity levels (P =0.003). In conclusion, at baseline, the groups
were homogeneous for psychologic profile and functionality
issues. This homogeneity was maintained at T2 and T3 for
psychologic issues but not for functionality.

Finally, Table 4 also shows that, in the immediate period
after surgery, TKA patients had heightened intensity of acute
post-surgical pain, both in terms of average (P < 0.001)
and worst (P < 0.001) pain. In addition, in terms of type of
anesthesia and analgesia, patients in the TKA group were
administered drugs via the perineural route more often. No
other distinction in clinical parameters was found between
the groups 48 hours after surgery (eg, length of stay, rescue
analgesia, or pain frequency).

Discussion

The present study aimed to increase knowledge on PPSP
after arthroplasty by comparing the incidence, nature, and
impact of PPSP with regard to the most widely performed
two types of arthroplasties ie, THA and TKA. Our data show
that TKA patients have a higher likelihood of developing
PPSP, of reporting higher pain levels, and of using more
neuropathic descriptors when classifying their pain. In addi-
tion, TKA patients referred more often to pain interference
on general activity, walking ability, and normal work. The
data also show that demographic factors such as gender
and age, along with some presurgical clinical factors like
disease onset, existence of medical comorbidities, and other
pain problems, may contribute to these differences, whereas
baseline psychologic factors and functionality levels do not
seem to exert an influence.

Prevalence of pain after THA and TKA

In this study, 66.7% of THA patients and 88.6% of TKA
patients reported PPSP 4—-6 months after surgery. However,
these figures must be interpreted with caution in terms of pain
severity, frequency, its interference in daily life, and the rela-
tively short period of time elapsed since surgery. Accordingly,
with regard to the data concerning average pain ratings, no
patient reported severe pain, and 6.3% of THA patients and
25% of TKA patients showed average moderate pain levels.
Thus, despite the high prevalence of PPSP, most cases were
mild in severity. These results are difficult to compare with
other studies because most of the relevant research focuses
on pain improvement values rather than on the percentage of
patients reporting pain or on absolute pain levels.! Further,
follow-up assessment varies across the studies. Studies with
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Table 4 Differences between patients submitted to THA and TKA on sociodemographic, clinical, and psychologic measures determined

at Tl, T2, and T3

Measures THA (n =48) TKA (n=44) P
n (%) Mean (SD) Median (range) n (%) Mean (SD) Median (range)
TI
Demographic
Age (years) 62.0 (8.05) 62 (43-77) 66.2 (7.10) 66 (54-78) 0.018
Gender (women) 27 (56.3) 34 (77.3) 0.033
Clinical (general indicators)
Disease onset (months) 81.9 (75.8) 54 (6-300) 142 (140) 120 (14-600) 0.019
BMI (kg/m?) 28.9 (4.39) 29 (21-40) 29.8 (4.95) 29 (20-40) 0.713
Previous surgeries 40 (83.3) 40 (90.9) 0.281
Comorbidities total* 1.92 (1.32) 2 (0-5) 241 (1.11) 3(04) 0.040
Clinical (presurgical pain indicators)
Intensity” (worst) 6.91 (2.06) 7.00 3-10) 6.82 (1.82) 7 (4-10) 0.855
Intensity” (average) 4.47 (1.08) 5.00 3-7) 4.50 (1.41) 4 (2-8) 0.898
Pain intensity* (0-70) 26.9 (12.8) 29 (7-49) 27.7 (11.8) 28 (3-50) 0.882
Pain other causes 24 (51.1) 34 (77.3) 0.009
Pain in other joints 12 (25.0) 21 (47.7) 0.023
Back pain 20 (41.7) 25 (56.8) 0.146
Psychologic variables
Anxiety? 4.75 (3.89) 4 (0-16) 5.66 (4.06) 5.5 (0-17) 0.228
Depression® 2.46 (3.31) 1.5 (0-17) 2.34 (3.03) I (0-11) 0.864
Timeline acute/chronic® 8.17 (2.70) 6 (6—15) 8.61 (2.95) 9 (4-15) 0.465
Timeline cyclic® 9.06 (2.44) 9 (4-13) 8.89 (2.46) 9 (4-15) 0.572
Consequences® 10.3 (2.42) Il (5-15) 10.3 (2.28) 10 (5-14) 0.794
Personal control® 6.00 (1.52) 6 (4-12) 7.05 (2.54) 6 (4-12) 0.081
Treatment control® 11.8 (1.25) 12 (9-15) 12.2 (0.92) 12 (9-15) 0.177
lliness coherence® 8.38 (3.43) 7.5 (3-14) 6.89 (2.54) 6 (3-13) 0.037
Emotional representation® 9.00 (3.22) 10 (3-15) 9.80 (2.99) 10 (3-15) 0217
Pain catastrophizing® 10.1 (5.69) 6 (6-27) 1.1 (6.20) 8 (6-29) 0.390
Functionality® 48.4 (14.6) 51 (20-74) 47.0 (14.1) 48 (13-71) 0.579
T2
Intensity” (worst) 5.90 (2.62) 6 (0-10) 7.16 (2.23) 8 (3-10) 0.023
Intensity’ (average) 3.39 (1.46) 3.25 (0-6) 4.19 (1.37) 4 (1-6) 0.014
Rescue analgesia 16 (33.3) 23 (52.3) 0.066
Anxiety? 3.35 (3.40) 3 (0-16) 3.82 (3.55) 3.5 (0-14) 0.556
Length of hospital stay 6.77 (1.81) 7 (4-14) 7.28 (3.45) 7 (4-27) 0.825
T3
Anxiety* 3.26 (3.27) 3(0-11) 491 (4.42) 4.5 (0-17) 0.081
Depression? 1.44 (2.31) I (0-12) 291 (3.76) I (0-13) 0.102
Functionality® 28.5 (15.4) 29 (0-65) 38.5 (16.0) 38 (0-77) 0.003

Notes: Continuous variables are presented both as mean (SD) and as median (range); categorical variables are presented as n (%). T1, 24 hours before surgery; T2, 48 hours
after surgery; T3, 4-6 months after surgery; *comorbidities total, number of comorbid health conditions; ‘NRS (BPI), Numerical Rating Scale 0—10 from Brief Pain Inventory;
*Pain Total Interference Scale 0-70 from Brief Pain Inventory (BPI); *HADS, Hospital Anxiety and Depression Scale; *IPQ-R, lliness Perception Questionnaire-Revised;

“CSQ-R, Coping Strategies Questionnaire-Revised; “SIP, Sickness Impact Profile.

Abbreviations: BMI, body mass index; SD, standard deviation; TKA, total knee arthroplasty; THA, total hip arthroplasty.

atimeframe similar to ours***’ either report PPSP figures dif-
ferently or approach THA and TKA jointly, without exploring
potential differences between these procedures. However,
when this distinction is taken into account, the findings show
unequivocally that the prevalence of PPSP is higher with
TKA than with THA,'%43® which is in accordance with our
present findings. Another aspect also precluding comparisons
is that most arthroplasty studies use osteoarthritis-specific
instruments, such as the Western Ontario and McMaster

Universities Arthritis Index,>** rather than generic measures
of pain.*! A potentially comparable study,® albeit focused
only on TKA but using a 0-100 visual analog scale (VAS)
for pain comparable with our 0—10 NRS, reported that 22.6%
and 18.4% of patients, respectively, had a VAS > 40 at 3 and
6 months after surgery. However, the authors did not clarify
whether they had assessed pain at its worst, on average, on
movement, or at rest. Thus, these figures are difficult to com-
pare with our present findings, ie, 4-6 months after surgery,
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an NRS > 4 was reported by 9.1% (n =4; average pain level)
and 34% (n=15; worst pain level) of TKA patients. The wide
variation in outcome measures across studies hinders the
comparability and interpretability of findings, and calls for
consensus on development and application of homogeneous
outcome measures and methods of analysis.'!#?

Differential impact and nature
of PPSP after THA and TKA

Concerning the interference of PPSP in daily life, the most
domains affected were general activity, walking ability, and
normal work, and were also those wherein TKA patients
revealed more interference compared with THA patients. It
is understandable that these domains are more affected than
areas such as mood or sleep, given that major orthopedic joint
surgeries concern precisely the body areas responsible for
movement, particularly for the knee. Despite these differences
in PPSP, the groups showed similar anxiety and depression
levels 4—6 months after surgery. Although no study has
compared the two types of surgery in terms of medium-
term emotional state, several have centered on comparison
of quality of life or global functionality. As in our study,
those studies mostly found worse functional levels in TKA
patients, with a pattern of slower recovery when compared
with THA patients.'-#3¢

Neuropathic pain is common after surgical procedures
such as herniorrhaphy,® thoracotomy,** and mastectomy.'®
Given the paucity of studies exploring potential neuropathic
pain characteristics after THA and TKA, we further character-
ized PPSP using the DN4 questionnaire. TKA patients chose
the word “numbness” to describe their pain more frequently,
with no further distinction on any other descriptor between
the groups. Although TKA patients chose more descriptors
to characterize their pain, they did not have higher odds
of reporting neuropathic pain (DN4 = 3) when compared
with THA patients. Previous studies focusing on PPSP after
arthroplasty did not include an examination of neuropathic
PPSP features' or did not use the DN4, but rather used the
PainDETECT* or McGill®* questionnaires, with the latter
more aimed at the study of general pain qualities. Concerning
use of the DN4, we are aware of a study in which 12.7% of
TKA patients had DN4 = 3,% which is substantially lower
than the data from our study showing that 43.2% of TKA
patients had a DN4 score = 3.

It has been suggested that the underlying mechanisms
of PPSP after arthroplasty vary according to surgical site.*
Previous features of pain sensitization in patients with
osteoarthritis of the knee, along with presurgical neuropathic

pain-specific characteristics, could be linked to the worst
post-surgical scenario for TKA in comparison with THA.*
Further, other studies*”* report that administration of
second-generation antiepileptic drugs (eg, pregabalin and
gabapentin) reduces neuropathic pain 6 months after TKA
but not after THA. Hence, future studies should evaluate
not only the potential neuropathic features of PPSP but also
presurgical pain.

Differences between THA and TKA

samples before and after surgery

We also examined patient demographic, clinical, and psy-
chologic characteristics at baseline, looking for similarities
and differences between the two surgical groups that could
explain the differences in surgical outcome. The question
was if the different PPSP outcomes could be related to
distinct specificities of each surgical procedure,® or if they
could be better explained by any distinctive baseline feature,
eg, gender, which has been associated with higher odds of
PPSP after orthopedic surgery.®**! The present data show
that there are more women undergoing TKA than THA.
Gender may thus be a confounding variable in the drawing
of conclusions concerning the higher prevalence of PPSP
among TKA patients when compared with THA patients.
The same may be true of age, given that TKA patients were
older than THA patients. Along these lines, McGuigan et al*
hypothesized that the better surgical outcomes for THA than
for TKA could be due to demographic differences. Further,
in the present study, in addition to being older and more
likely to be female, TKA patients had a longer history of
surgical disease (ie, osteoarthritis), more comorbidity, and
more pain from other causes. Another study also showed
that TKA patients were older and had a longer duration of
disease than THA patients.! Overall, these results suggest
that such presurgical differences between THA and TKA
patients may influence the distinct prevalence of PPSP
among them, underlining the importance of taking demo-
graphic and clinical variables into account when reporting
follow-up data after arthroplasty.*

Our current findings indicate that TKA patients had
more pain in the acute post-surgical period. We are aware of
only one study targeting acute pain after TKA and THA,>
but without comparing them directly, and only focusing on
descriptive analyses and assessing pain at rest. Acute post-
surgical pain has been identified as a predictor of PPSP after
various surgical procedures.***® With regard to arthroplasty,
we are aware of only two studies®*° wherein post-surgical
pain predicted PPSP after THA and TKA, although that
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assessment was retrospective and recalled one year after
surgery. Most arthroplasty studies have shown a stronger pre-
dictive value of presurgical pain in prediction of PPSP when
compared with acute post-surgical pain.>%¢1-¢2 Therefore,
given the limited evidence for an association between acute
post-surgical pain intensity and PPSP after major arthro-
plasty, it might be hypothesized that differences in PPSP
between THA and TKA do not result from differences in
acute pain levels. However, future studies should examine
this hypothesis further.

Another important issue in the present study concerns
the potential influence of psychologic factors on the dif-
ferent results for PPSP after TKA and THA.*' Several
psychosocial variables are known to influence osteoarthritis
pain and disability,* and it has been suggested that differ-
ences in PPSP after TKA and THA could originate from
psychosocial sources with different impacts on poor hip or
knee function.® However, the present data does not confirm
this hypothesis, showing unequivocally that the two samples
show similar psychologic profiles in terms of emotional
state, illness perception, and pain coping strategies (pain
catastrophizing) and also similar presurgical functionality
levels. A previous study' comparing TKA and THA, albeit
using different presurgical questionnaires (Western Ontario
and McMaster Universities Arthritis Index, Medical Outcome
Study 36-Item Short Form Health Survey) also found similar
figures between the two groups for psychologic, physical, and
social presurgical factors.

Limitations of the study
This study has some limitations that should be considered
when interpreting its findings. Regarding external validity,
the generalizability of the results is limited by this being a
single-site and single-country study, with small samples.
Future epidemiologic studies with larger samples should be
undertaken. Another issue is that the small samples, along
with the discrepancy in gender proportions, ie, the low num-
ber of men with TKA (n = 10), substantially reduced the
tests’ statistical power for the correction of gender influence.
Therefore, we chose not to correct for gender in the statistical
analyses or in the interpretation of our results. Future studies
should examine gender differences further and the effect of
the interaction between surgical group and gender, specifi-
cally with regard to psychologic outcomes, such as anxiety
and pain catastrophizing, for which gender differences are
well documented.

It is also important to underline that the lack of report-
ing of analgesic consumption stems from the fact that the

study patients often had other joint comorbidities for which
they were medicated, thus precluding us from rigorously
recording analgesic use linked specifically to the research
question.

Another potential limitation concerning internal validity is
that 32 patients were lost to follow-up between T2 and T3. How-
ever, additional analyses did not reveal significant differences
between these and the remaining 92 patients, either in terms of
baseline characteristics (T1) or post-surgical issues (T2).

It should be recognized that the 4-6-month assessment
point for PPSP analyses might introduce some bias in PPSP
prevalence, and it is possible that any difference in PPSP out-
come could occur during the 4-6-month period. This is relevant
because THA patients achieve their most significant improve-
ments within the first 3 months after surgery,* whereas TKA
patients are likely to show improvement later, ie, between 3
and 6 months.**® However, improvement can still be observed
up to 12 months after these types of surgery.®7

Conclusion

In conclusion, we have confirmed a higher prevalence of
PPSP in TKA patients when compared with THA patients,
and given a detailed description of pain after each surgical
procedure. Moreover, certain demographic and presurgical
clinical characteristics may be important in these differences,
whereas psychologic factors do not seem to exert influence.
Future prospective studies should include TKA and THA
patient groups that are homogeneous with regard to demo-
graphic and presurgical clinical characteristics. Overall, these
findings contribute to a small but growing body of literature
documenting PPSP after major arthroplasty, conducted in
different countries, across different health care settings.
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