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Purpose: Although the pain of osteoarthritis (OA) is traditionally considered to be noci-
ceptive, some patients also have neuropathic pain. The objective of this study was to evaluate
the presence of neuropathic pain in the knees of OA patients using the painDETECT
questionnaire (PDQ).

Methods: A total of 180 knees in 158 consecutive patients who underwent total knee
arthroplasty (TKA) were enrolled prospectively. The prevalence of neuropathic pain, unclear
pain, and nociceptive pain in the knee was determined before and after TKA using
a numerical rating scale (NRS). All patients were evaluated preoperatively and 6 months
postoperatively. Neuropathic pain and unclear pain were grouped together as possible
neuropathic pain. The relationship between possible neuropathic pain and pain intensity
was evaluated.

Results: Before TKA, neuropathic pain and unclear pain were found in 10 and 30 knees,
respectively. The remaining 140 knees were categorized as nociceptive pain. After TKA, the
numbers of knees with neuropathic and unclear pain decreased to one and five, respectively.
The prevalence of possible neuropathic pain decreased significantly from 22.2% to 3.3%
after surgery. Among the six knees with possible neuropathic pain postoperatively, four had
possible neuropathic pain preoperatively as well, while the remaining two patients had been
classified as nociceptive pain preoperatively. Knees with possible neuropathic pain post-
operatively had higher postoperative NRS scores than those with nociceptive pain.
Conclusion: Although the prevalence of possible neuropathic pain decreased significantly
after TKA, the preoperative presence of possible neuropathic pain might be associated with
the development of persistent postoperative pain following TKA.

Keywords: neuropathic pain, nociceptive pain, osteoarthritis, total knee arthroplasty,
persistent postoperative pain

Introduction

Pain is a major symptom in patients with osteoarthritis (OA), and persistent pain is
a frequent and often disabling complication following total knee arthroplasty
(TKA) for OA. The proportion of patients with persistent pain outcomes after
TKA ranges from 8% to 27%.' Chronic pain is classified as nociceptive pain and
neuropathic pain. However, not all pain can be clearly distinguished into these pain
types, and many patients have unclear pain which cannot be clearly classified as
either of these pain types. Nociceptive pain is caused by stimulation of nociceptors
through chronic inflammation,” while neuropathic pain is defined as “pain arising as
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a direct consequence of a lesion or disease affecting the
somatosensory system” by the International Association
for the Study of Pain (IASP).> Although OA pain is
traditionally considered to be nociceptive in nature, some
patients describe aspects of their pain as burning or shoot-
ing. Such characteristics suggest common mechanisms
with neuropathic pain.** In fact, neuropathic pain has
repeatedly been proposed as a major cause of persistent
pain after TKA.** Reportedly, the painDETECT question-
naire (PDQ) can be used to determine whether the pain
after TKA is nociceptive or neuropathic pain.®® This
questionnaire was previously validated in a multicenter
study with both neuropathic and nociceptive pain.

We hypothesized that the occurrence of neuropathic
pain in the knees of OA patients might decrease after
surgery. To prove our hypothesis, we used the PDQ to
evaluate the prevalence of neuropathic pain preoperatively
and postoperatively in the knees of OA patients under-
going TKA, and evaluated the relationship between neuro-
pathic pain, pain intensity and stage of OA using the
Kellgren-Lawrence (KL) system.”

Materials and Methods

Patients

We enrolled 158 consecutive patients with OA (180 knees;
female, n = 129 [145 knees] male, n = 29 [35 knees]; mean
age, 74 [54-87] years; mean body mass index [BMI], 26.1
[17.8-44.1] kg/m*) who underwent TKA from 2016 to
2017 prospectively. All the procedures were performed
under general anesthesia by a single surgeon (MH) using
the mid-vastus approach to TKA. Posterior-stabilized type
knee prostheses were used in all knees. All the prosthetic
knees had a fixed-bearing design, and all tibial, femoral
and patellar components were cemented. The operating
surgeon (MH) screened the patients for medical testing
for OA before surgery. Exclusion criteria consisted of
severe knee deformity requiring a constrained implant
(femoro-tibial angle <155° or >200°), as determined
using preoperative radiographs. Patients with knee OA
who had severe spinal cord-related pain preoperatively
were not indicated for TKA.

Pain Phenotype

Knee pain was evaluated using a numerical rating scale (NRS)
ranging from 0 (no pain) to 10 (severe pain). Pain phenotype
was assessed using the self-reporting PDQ, which includes
nine questions regarding the intensity and quality of pain.®’

The scores related to the pain course pattern and presence of
radiating pain (maximum score of 3) and the gradation of pain
(maximum score of 35) were summed up to obtain
a maximum PDQ end score of 38. Neuropathic pain was
considered unlikely (nociceptive pain group) when PDQ
scores ranged between 0 and 12, whereas scores of 19 to 38
indicated neuropathic pain. Scores of 13 to 18 indicated
unclear pain (including nociceptive and neuropathic
components).

The prevalence of neuropathic pain, unclear pain and
nociceptive pain before and after TKA were determined. All
patients were evaluated preoperatively and 6 months post-
operatively. Neuropathic pain and unclear pain were grouped
together as possible neuropathic pain, and NRS scores were
compared between the possible neuropathic pain and nocicep-
tive pain groups before and after TKA. We also evaluated the
relationship between preoperative pain type and the severity of
OA using the KL system.'® The institutional review board of
Mie University approved this study, and all patients provided
written, informed consent to participate. This study was con-
ducted in accordance with the Declaration of Helsinki.

Statistical Analyses

Preoperative NRS scores, age, BMI and flexion angle
were compared between knees with preoperative possi-
ble neuropathic pain and nociceptive pain using Mann—
Whitney U-tests. Sex and KL grade were compared
using Chi-squared tests. The prevalence of possible neu-
ropathic pain and nociceptive pain before and after TKA
was compared using Chi-squared tests. Postoperative
NRS scores were compared between knees with post-
operative possible neuropathic pain and nociceptive pain
using Mann—Whitney U-tests. Correlations between NRS
and PDQ scores before and after TKA were determined
using Spearman correlation coefficient. Changes in pain
type before and after TKA were evaluated using Fisher’s
test. Power analysis was performed before conducting
this study to determine the appropriate sample size.
A previous study demonstrated that the incidence of
Based on the
results of that study and a two-sided test with a type

possible neuropathic pain was 21%."°

I error of 0.05, we determined that a sample size of at
least 25 patients would be required to achieve a power of
0.8. Statistical significance was set at p < 0.05. Data
were statistically analyzed using SPSS version 22
(SPSS Inc., Chicago, IL, USA).
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Table | Prevalence of the Different Pain Phenotypes in Patients with Osteoarthritis of the Knee

Nociceptive Pain

Unclear Pain

Neuropathic Pain

Possible Neuropathic Pain*

N (%) N (%) N (%) N (%)
Preoperative 140 (77.8) 30 (16.7) 10 (5.6) 40 (22.2)
Postoperative 174 (96.7) 5(2.8) 1 (0.6) 6 (3.3)

Note: *Including neuropathic pain and unclear pain.

Results

Before TKA, neuropathic pain and unclear pain were
found in 10 and 30 knees, respectively. The remaining
140 knees were categorized as nociceptive pain. After
TKA, the numbers of knees with neuropathic and unclear
pain decreased to one and five, respectively. Nociceptive
pain was found in 174 knees after TKA (Table 1). The
prevalence of possible neuropathic pain decreased signifi-
cantly from 22.2% preoperatively to 3.3% postoperatively
(p < 0.001). Preoperative and postoperative NRS scores
were not significantly different between the preoperative
possible neuropathic pain group and nociceptive pain
group. There were no differences in preoperative pain in
relation to sex, age, BMI, KL grade, and preoperative
flexion angle (Table 2). There was a positive correlation
between preoperative NRS and PDQ scores (r = 0.385, p <
0.001). Similarly, there was a positive correlation between
postoperative NRS and PDQ scores (r = 0.365, p < 0.001).
Knees with postoperative possible neuropathic pain had

nociceptive pain (p = 0.011). Among the six knees with
possible neuropathic pain postoperatively, four had possi-
ble neuropathic pain preoperatively as well, while the
remaining two patients had been classified as nociceptive
pain preoperatively (p = 0.021).

Discussion

A growing amount of evidence suggests that OA pain has
a neuropathic component in some patients. Deeper under-
standing of the likely multiple mechanisms of OA pain has
led to the use of centrally acting drugs to alleviate osteoar-
thritic pain."’

Several animal studies supported the hypothesis that
neuropathic pain might occur due to the pathogenetic
mechanisms of OA.'*"? Histologic assessment of the mor-
phology of nerves in an animal model of knee OA by
sodium monoiodoacetate (MIA) injection showed changes
in nerves suggestive of neuropathic pain. Such changes
include reduced nerve fiber density, and expression of

higher

postoperative NRS

SCores

than those with

activation transcription factor-3 (ATF-3, a marker of

Table 2 Comparison Between Patients with the Preoperative Pain Phenotypes of Possible Neuropathic Pain (Neuropathic Pain
or Unclear Pain) versus Those with Nociceptive Pain

Possible Neuropathic Pain Nociceptive Pain p-value
N = 40 N =140
NRS scores Preoperative 5.3 5.4 0.940
Postoperative 1.5 1.2 0.153
Gender Male 7 28 0.824
Female 33 112
Age (years) 74.5 735 0.398
BMI (kg/m?) 272 25.8 0.083
Flexion angle 113 117 0.946
(degrees)
KL grade 3 22 56 0.105
4 18 84

Note: Data are shown as means or ratios (%).
Abbreviations: NRS, numerical rating scale; BMI, body mass index; KL, Kellgren - Lawrence.
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Table 3 Prevalence of Neuropathic Pain in Knee Osteoarthritis
Patients in the Literature Assessed Using the painDETECT
Questionnaire (PDQ)

Neuropathic Possible
Pain (%) Neuropathic
Pain* (%)
Moreton et al* 27
Hochman et al'* 28
Ohtori et al'® 5 21
Valdes et al'® 15 34
Roubille et al'® 32 50
Blikman et al'” 46
Present study 6 22

Note: *Including both neuropathic pain and unclear pain.

nerve damage) in the spinal cord.'? The presence of lyso-
phosphatidic acid (LPA) in joint synovium has been found
to correlate with myelin thickness and ATF-3 in an OA
model of MIA injection.'*> However, these hypotheses
have not been proven in human OA subjects.

Previous studies demonstrated that neuropathic pain
localized to the knees, assessed using the PDQ, affected
5% to 32% of patients.*'%'*"'7 Possible neuropathic pain
has been variously reported in 21% to 50% of cases
(Table 3).*'%!*'7 The present study demonstrated preo-
perative neuropathic pain and possible neuropathic pain in
5.6% and 22.2% of the study subjects, respectively.
Although this prevalence was lower than in many previous
studies, it was similar to a Japanese report by Ohtori et al.'”
However, previous studies did not evaluate the outcomes
after TKA in patients with neuropathic pain. The present
study demonstrated the key role of preoperative possible
neuropathic pain on postoperative pain. Using the Self-
administered Leeds Assessment of Neuropathic Symptoms
and Signs (S-LANSS) scale, Fitzsimmons et al'® reported
that suspected neuropathic pain was present in 35.5% of
pre-TKA patients, and in 23.6% of OA patients at 6
months post-TKA. In their study, patients scoring 12 or
greater on the scale were defined as having suspected
neuropathic pain.'® They suggested that in patients with
possible neuropathic pain before TKA, careful evaluation,
including of spinal disease, is needed to avoid chronic
postoperative knee pain. A recent study demonstrated
that possible neuropathic pain with end-stage hip and
knee OA was more strongly associated with pain at rest
than pain on activity.'” This indicates that the clinical
presentation of pain at rest might warrant more thorough
evaluation for potential neuropathic pain.

Using S-LANSS, Razmjou et al’® showed that the
prevalence of neuropathic pain was 14% at an average of
5 years after TKA. They also showed that patients with
neuropathic pain (S-LANSS score of 12 or greater)
remained more disabled, and with a higher level of depres-
sion and less surgical satisfaction. Moreton et al* evaluated
PDQ and S-LANSS to determine agreement between the
two assessment methods, and found that agreement
between the PDQ and S-LANSS for pain classification
was low, and it currently remains unknown which tool
might best predict treatment outcomes. The PDQ assesses
pain quality associated with augmented central pain pro-
cessing in patients with OA. Although developed as
a screening questionnaire, the PDQ might also function
as a measure of characteristics that indicate augmented
central pain processing. However, it should be noted that
one important problem with the PDQ is that patients with
no pain are classified in the nociceptive pain group, since
a score of zero on the PDQ is considered nociceptive pain.

Neuropathic pain is uncommon after TKA surgery.® In
a previous study by Hasegawa et al® neuropathic pain after
TKA was not identified (mean observation period: 4.7
years) among 222 patients with OA. However, unclear
pain (including nociceptive and neuropathic pain) was
found in 9% of the knees. There was also an association
between moderate-to-severe postoperative pain and
unclear pain.® In the present study, the prevalence of
neuropathic pain decreased from 5.6% to 0.6% after
TKA, and the prevalence of possible neuropathic pain
decreased from 22.2% to 3.3% (Table 1), verifying our
hypothesis that neuropathic pain might decrease after TKA
surgery. However, knees with postoperative possible neu-
ropathic pain had higher postoperative NRS scores than
those with nociceptive pain. In addition, higher PDQ
scores were associated with severe pain, which might
result in worse outcomes and less satisfaction after TKA.
Although the causes and factors associated with neuro-
pathic pain warrant further investigation, preoperative
assessment, including by the PDQ, might be useful for
reducing the prevalence of postoperative chronic knee
pain.

Limitations of this study include the absence of evalua-
tions of spinal disease and a short follow-up period of only
6 months.

Conclusion
Preoperative PDQ scores classified 22.2% of OA knee
pain as possible neuropathic pain, suggesting that it is
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important to consider neuropathic pain when planning the
treatment of OA knee pain. Furthermore, although the
prevalence of possible neuropathic pain decreased to
3.3% after TKA, our results indicate that there might be
an association between the preoperative presence of pos-
sible neuropathic pain and the occurrence of chronic post-
operative pain after TKA.
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