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Purpose: Pain and joint deformity are the most common symptoms of hip osteoarthritis
(OA). However, no significant association between pain and severity of radiographic lesions
has been reported. Recently, central sensitization has been suggested as an underlying
mechanism of pain in OA. We investigated the involvement of radiologic severity or central
sensitization in the clinical manifestation of hip OA with various degrees of joint deformity.
Patients and Methods: We included 39 patients with hip OA and divided them into two
groups according to the severity of the hip pain: strong/severe (numerical rating scale,
NRS>6) and mild/moderate (NRS<6). We assessed the radiologic severity of OA using the
Kellgren-Lawrence (K-L) scale and minimum joint space width (mJSW). We conducted
quantitative sensory testing (QST) that included pressure pain threshold (PPT) and temporal
summation of pain (TSP) at hip, tibialis anterior (leg), and extensor carpi radialis longus
(arm) on the affected side. We examined the difference of radiologic assessment and QST
results between each group and the correlation of the NRS with the radiologic assessment
and QST results.

Results: There was no significant difference in the K-L scale and mJSW between patients
with strong/severe and mild/moderate joint pain. Strong/severe pain patients demonstrated
a lower PPT at all measurement sites and higher TSP at the hip and leg than the mild/moderate
pain patients. In addition, NRS was significantly negatively correlated with PPT and positively
correlated with TSP at all measurement sites, but not with the K-L scale and mJSW.
Conclusion: We reported no significant difference in radiologic severity between patients
with strong/severe and mild/moderate joint pain. By contrast, we found a significant difference
in central sensitization represented by QST between strong/severe and mild/moderate joint pain
groups. These results suggest that central sensitization may be involved in the joint pain of
patients with hip OA who complain of severe pain despite less severe joint deformity.
Keywords: hip osteoarthritis, quantitative sensory testing, pressure pain threshold, temporal
summation of pain

Introduction

Osteoarthritis (OA) is a chronic pain disorder based on nociceptive pain with joint
structural damage. Hip OA is the most common musculoskeletal joint disease
worldwide.' Due to a growing elderly population, OA prevalence will continu-
ously increase and present as a growing burden on the healthcare infrastructure and
economy.’ In Japan, the prevalence of radiologic hip OA was 18.2% in men and
14.3% in women." Hip OA is characterized initially by cartilage degradation, which

Journal of Pain Research 2021:14 1153-1160 1153
© 2021 Hattori et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.
BY NG

php and incorporate the Creative Commons Attribution — Non Commercial (unported, v3.0) License (http:/creativecommons.org/licenses/by-nc/3.0/). By accessing the
work you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).


mailto:shimo@reha.kobegakuin.ac.jp
http://www.dovepress.com/permissions.php
http://www.dovepress.com

Hattori et al

Dove

often precedes changes in the underlying bone. The pre-
valence of joint pain tends to increase with a deterioration
of radiologic severity.* However, the prevalence of hip OA
patients with pain and Kellgren-Lawrence (K-L) scale >2
was 0.29% in men and 0.99% in women.”* Moreover, it is
estimated that up to 40% of individuals with radiologic
evidence of damage have no pain.” Moreover, a previous
study on hip OA suggested no significant associations
between the severity of radiographic lesions and pain or
disability or quality of life.® Furthermore, we often find
a discrepancy between the physical damage to the joint
and the level of self-reported pain in clinical practice.
Therefore, there is no clear relationship between the find-
ings of radiologic severity and pain symptoms reported by
the patients.

In the recent years, peripheral and central sensitization
has been proposed to contribute to pain in OA. The noci-
ceptive inputs cause peripheral sensitization, which is
a reduction in the activation threshold and amplification
in the responsiveness of the primary afferent nociceptors.’
Although inflammation and joint damage may be the
initial trigger for OA pain, the repeated input of noxious
stimuli can induce neuronal plasticity and subsequent cen-
tral sensitization.® Central sensitization indicates a state
where the central nervous system neurons become hyper-
excitable to noxious and innocuous stimuli and involve
multiple somatosensory processing changes.” Previous stu-
dies have reported that central sensitization is a feature of
chronic pain disorders, such as knee and hip OA, chronic
low back pain, and fibromyalgia.'®'* In clinical practice,
total hip arthroplasty (THA) is usually an effective surgi-
cal intervention to improve joint structural damage and
provide pain relief in OA. However, 10% of patients had
THA experience chronic postsurgical pain,'* and preo-
perative central sensitization has been reported to be
a risk factor of chronic postsurgical pain.''

Quantitative sensory testing (QST) has also been used
recently as one of the assessments that can evaluate
mechanism-based phenotyping of OA pain.'> QST is
known as psychophysical testing and refers to tests of
sensory perception during the stimuli with predetermined
physical properties and following specific protocols.'
QST measurements consist of static and dynamic QSTs.
Static QST refers to the assessment of the states of the
peripheral nervous system.'® Dynamic QST refers to the
assessment of the pain mechanism of central processing
beyond the peripheral nervous system.'” Pressure pain
threshold (PPT) classified as a static QST is useful in

assessing pain reactions in OA patients with or without
sensitization. The QST study of knee OA showed that 34%
of patients presented with pressure hyperalgesia at the
knee.'® Temporal summation of pain (TSP) classified as
a dynamic QST refers to the increased perception of pain
in response to repetitive noxious stimuli delivered at fre-
quencies above 0.3 Hz. This is considered the hallmark of
central sensitization.'” In patients with knee OA, promi-
nent facilitated TSP features are linked to more pain
symptoms.'® However, to our knowledge, few studies
have investigated response to both static and dynamic
QST in hip OA. Furthermore, previous studies targeted
patients with severe joint deformity only. The influence
of radiologic severity or QST results on joint pain in hip
OA patients with various degrees of joint deformity is not
yet clear.

The aim of this study was to determine whether radi-
ologic severity of the joint deformity or central sensitiza-
tion was more involved in pain of hip OA with K-L scale
1-4. We hypothesized that self-reported hip joint pain and
radiologic severity are not related, but central sensitization
assessed using QST affects joint pain of hip OA.

Patients and Methods

Subjects

Thirty-nine patients with hip OA were included in the
study. The study participants were selected from an
orthopedic clinic in Obu, Japan. Inclusion criteria for
the participants were a diagnosis of OA confirmed by
radiographic findings; clinical hip pain as the primary
musculoskeletal complaint at the time of recruitment;
age of 40 years or above; and chronic hip pain for at
least six months. Exclusion criteria were systemic
inflammatory diseases; cognitive impairment affecting
the ability to cooperate with testing; leg pain referred
from the lumbar spine; and presence of serious medical
comorbidities (eg congestive heart failure, cerebrovas-
cular disease, and cancer). We divided the patients into
two groups based on the peak self-reported pain inten-
sity over the last 24 h.'®?®?! The patients who had
strong/severe joint pain (peak pain) over the last 24
h (numerical rating scale [NRS] > 6) were assigned to
group A and the patients who had mild/moderate peak
pain over the last 24 h (NRS < 6) were assigned to
group B. Therefore, central sensitization was assessed
using systemic QSTs, such as PPT and TSP, and the
difference of radiologic severity or QST results was
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investigated in groups of hip OA patients whose self-
reported pain differed.

Demographic and Clinical Data

All participants were interviewed to obtain data on their
characteristics (age, sex, body mass index [BMI], duration
of pain symptoms, clinical pain intensity assessed on the
NRS, disability, and neuropathic pain-like symptoms).
Disability was assessed using the Function in Activities
of Daily Living subscale of the Hip Disability and
Osteoarthritis Outcome Score (HOOS).?** The question-
naire was valid for hip OA, with scores ranging from 0
(worst) to 100 (best) for each subscale. The painDETECT
questionnaire was used to identify patients with potential
neuropathic pain components.>* A recent study has sug-
gested that pain sensitivity is associated with neuropathic
pain-like symptoms in hip OA.>

Radiographic Assessment of OA

In all patients, posteroanterior radiographs of the hip with
weight bearing were obtained. To assess the radiologic
severity of OA, we used the K-L scale and minimum
joint space width (mJSW). The characteristics for each
K-L scale can be summarized as follows: grade 1, doubtful
OA, with the presence of minor osteophytes of doubtful
importance; grade 2, minimal OA, with definite osteo-
phytes but an unimpaired joint space; grade 3, moderate
OA, with osteophytes and a moderate diminution of the
joint space; and grade 4, severe OA, with a greatly
impaired joint space and sclerosis of the subchondral
bone.”® The mJSW has become the standard tool for the
assessment of OA progression.?” The mJSW of the hip on
the coronal radiograph refers to the interbone area between
the acetabular roof and the part of the femoral head facing
it. K-L scale and mJSW were evaluated by one orthopedic
surgeon.

Quantitative Sensory Testing

QST consisted of PPT and TSP at the hip, the tibialis
anterior (leg, 5 cm distal to the tibial tuberosity) and
extensor carpi radialis longus (arm, 5 cm distal to the
lateral epicondyle of the humerus). The measurement
order was PPT at the hip, leg, and arm, followed by TSP
at the hip, leg, and arm in five-minute intervals. Patients
laid down on a bed in either a supine or a lateral decubitus
position for the measurement, and all measurements were
taken by one physical therapist.

Pressure Pain Threshold

Four test sites in the hip, one control site on the leg, and
one control site on the arm were located and marked. The
four sites of the hip were located according to bony land-
marks as follows: Hip-1: 3 cm proximal to the tip of the
greater trochanter; Hip-2: 3 c¢cm posterior to the posterior
edge of the greater trochanter; Hip-3: 3 cm distal to the
distal edge of the greater trochanter; Hip-4: 3 cm anterior
to the anterior edge of the greater trochanter.'' The PPT
value of the hip was defined as the site’s value with the
lowest PPT.

A hand-held pressure algometer (Algometer Type II,
Somedic AB, Sweden) with a 1-cm? contact probe was
used for measuring PPT. PPT was conducted on each site
by continually applying pressure (30 kPa/s) until the
patient defined the pressure as pain. PPT was measured
twice at each site and the mean of the two measurements
was used in the statistical analysis. The lower the PPT, the
greater the degree of sensitization or pain sensitivity.

Temporal Summation of Pain

TSP, an augmented response to repetitive mechanical sti-
mulation, is a sensitive and valid measure of the central
pain processing, which is a feature of central sensitization.
A hand-held pressure algometer was used to apply
mechanical stimuli perpendicular to the skin surface. The
stimulation consisted of ten pressure stimuli (1-s duration
and 1-s interval) at the PPT level.'®*® The stimulation was
applied once to the hip joint (the most sensitive part out of
the four sites where PPT was measured) and to the control
site on the leg and arm. Skin contact between the indivi-
dual pressure stimuli was ensured by maintaining
a constant force. The contact force between the two stimuli
did not induce pain. The subjects rated the pain intensity
continuously during the sequential stimulation on a visual
analogue scale (VAS) where “0” indicated “no pain,” and
“100” indicated “worst possible pain.” TSP was normal-
ized by subtraction from the VAS scores to the first stimu-

lus, and the 10th VAS defined the value of TSP.*

Statistical Analysis

Data are presented as mean and standard deviation (SD). As
most of our data were not normally distributed, we used the
less sensitive but more robust nonparametric tests in all
statistical analyses. Demographic and clinical data, radiologic
severity, and QST results were compared between group
A and B, respectively, using the Mann—Whitney U-test and

Journal of Pain Research 2021:14

1155

Dove:


http://www.dovepress.com
http://www.dovepress.com

Hattori et al

Dove

Fisher’s exact test. We also used “r” as calculated by
Z translation to evaluate the magnitude of the effect size
(r=Z/\N) according to Cohen.*® The correlations between
NRS and K-L scale, mJSW, PPT, or TSP were evaluated,
and the Spearman’s rank test was used for correlation analy-
sis. A significance level of p<0.05 was used for each analysis.

Results
Demographic and Clinical Data

Fifteen patients were categorized into the strong/severe joint
pain group (group A, NRS: 7.0+0.9) and 24 were categor-
ized into the mild/moderate joint pain group (group B, NRS:
3.0«1.1). The demographic and clinical data of the patients
are shown in Table 1. No significant differences between the
groups were found in age (60.1+14.2 for group A; 57.4+11.0
for group B, p=0.69), sex (male: 1 [6%], female: 14 [94%)]
for group A; male: 3 [12%], female: 21 [88%] for group B,
p=1.00), and BMI (23.94+2.9 for group A; 23.5+3.1 for group
B, p=0.77). There were significant differences between
groups A and B in pain duration (64.8+49.5 months for
group A; 38.2+60.2 months for group B, r=0.35, p<0.05),
HOOS (54.5£21.3 for group A; 82.5+13.8 for group B,
r=0.62, p<0.001), and painDETECT (12.44+4.4 for group
A; 4.54£3.5 for group B, r=0.67, p<0.001). In painDETECT,
8 patients in group A were classified as nociceptive (total
score of painDETECT<13), 5 were unclear (13< score <19),
and 2 were neuropathic (>19). All patients in group B were
classified as nociceptive (total score of painDETECT<13).
The analgesics used by the patients up to 24 h before the
examination were divided into NSAIDs, acetaminophen,

Table | Demographic and Clinical Data of Each Group

Variables Group A | Group B P value
Number 15 24
Age (years) 60.1£14.2 57.4%11.0 | 0.69
Sex, number (%)
Male I (6) 3(12) 1.00
Female 14 (94) 21 (88)
BMI 23.9+2.9 23.5%3.1 0.77
Pain duration (months) 64.8+49.5 38.2+60.2 <0.05
Clinical pain intensity (NRS) | 7.0+0.9 3.01.1 <0.001
HOOS (function in ADL) 54.5+21.3 | 82.5%13.8 | <0.001
painDETECT 12.4+4.4 4.5+3.5 <0.001

Abbreviations: BMI, body mass index; NRS, numerical rating scale; HOOS, Hip
Disability and Osteoarthritis Outcome Score; ADL, activities of daily living.

duloxetine, pregabalin, and opioids. The number of patients
using these medications was 10, 0, 2, 0, and 2 in group A and
5,1, 0,0, and 0 in group B, respectively.

Radiographic Assessment of OA

K-L scale from both groups is shown Table 2. There were
5,4, 2, and 4 patients in group A and 8, 7, 5, and 4 patients
in group B classified into K-L scale 1, 2, 3, and 4, respec-
tively. There was no difference in the percentage of sub-
jects included in each grade (p=0.88). No difference was
found between group A and B for mJSW (2.6£1.9 for
group A; 2.7+1.3 for group B, p=0.96) (Figure 1).

Pressure Pain Threshold

The PPT from both groups is shown in Figure 2. The PPT
at the hip in Group A was lower than that in Group
B (186.3+82.0 for group A; 322.0+102.9 for group B,

mJSW

(mm)

B GrouwpA

2 [] crouwpB

Joint space width

Group A Group B

Figure | mJSW.
Abbreviation: mJSW, minimum joint space width.

(kPa) PPT

600
500

400 e . Group A

'_
8- 300 [[] GroupB
200

100

Hip Leg Am

Figure 2 PPT at the hip, tibialis anterior, and extensor carpi radialis longus.
Note: **, ¥**Significantly lower than group B (p<0.01, 0.001).

Abbreviations: PPT, pressure pain threshold; Leg, tibialis anterior; Arm, extensor
carpi radialis longus.
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Pain VAS
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Figure 3 TSP at hip, tibialis anterior, and extensor carpi radialis longus.

Note: ***Significantly higher than group B (p<0.001).

Abbreviations: TSP, temporal summation of pain; VAS, visual analogue scale; Leg,
tibialis anterior; Arm, extensor carpi radialis longus.

r=0.60, p<0.001). PPT at leg in group A was lower than
that in Group B (208.2+96.1 for group A; 384.0+139.9 for
group B, r=0.58, p<0.001). PPT at arm in Group A was
lower than that in group B (192.6+94.9 for group A; 307.8
+107.8 for group B, =0.52, p<0.01).

Temporal Summation of Pressure Pain
The TSP from both groups is shown in Figure 3. TSP at
the hip in group A was significantly higher than that in
group B (30.1+17.2 for group A; 4.7+5.6 for group B,
r=0.79, p<0.001). TSP at leg in group A was significantly
higher than that in group B (24.5+£18.5 for group A; 7.3
+8.3 for group B, r=0.53, p<0.001). No significant differ-
ence was found between groups A and B for TSP at arm
(17.0£19.2 for group A; 6.0 £6.3 for group B, p=0.051).

Correlations

The relationship between NRS and radiographic assess-
ment or QST results was analyzed and is shown in Table 3.
There was no correlation between NRS and K-L scale or
NRS (p=0.18) and mJSW (p=0.21). Individual NRS was
significantly correlated with hip PPT (rs=0.511, p<0.01),

Table 2 K-L Scale

Variable Group A Group B P value
K-L scale, number (%)

| 5(33) 8 (33) 0.88
2 4 (27) 7 (29)

3 2 (13) 5(2l)

4 4 (27) 4(17)

Abbreviation: K-L, Kellgren-Lawrence.

Table 3 Correlation Between NRS and Radiologic Severity or
QST Results

Variables rs P value
K-L scale 0.218 0.18
mJSW -0.202 0.21
PPT
Hip -0.511 <0.01
Leg -0.572 <0.01
Arm —0.548 <0.01
TSP
Hip 0.717 <0.01
Leg 0.592 <0.01
Arm 0.430 <0.01

Abbreviations: NRS, numerical rating scale; K-L, Kellgren-Lawrence; mJSW, mini-
mum joint space width; PPT, pressure pain threshold; TSP, temporal summation of
pain; Leg, tibialis anterior; Arm, extensor carpi radialis longus.

leg PPT (rs=—0.572, p<0.01), arm PPT (rs=—0.548,
p<0.01), hip TSP (rs=0.717, p<0.01), leg TSP (rs=0.592,
p<0.01) (Table 3), and arm TSP (rs=0.430, p<0.01).

Discussion

This study investigated whether radiologic severity or
central sensitization was more involved in the clinical
manifestation of hip OA. In the present study, patients
in the strong/severe pain group had a longer pain duration
and more functional disability and neuropathic pain-like
symptoms than patients with mild/moderate joint pain.
Furthermore, we found a significant difference in QST
results between patients with strong/severe and mild/
moderate joint pain. Patients with strong/severe pain
showed a lower PPT and higher TSP than those with
mild/moderate pain. In addition, QST was significantly
correlated with joint pain. By contrast, our results showed
no significant differences in the K-L scale and mJSW
between patients with strong/severe and mild/moderate
joint pain. Our results suggest that not only joint defor-
mity but also central sensitization influences the hip OA
pain.

Pain and joint deformity are the most common symp-
toms of hip OA."* The prevalence of joint pain tends to
increase with the deterioration of radiologic severity.*
Thus, the pain of hip OA is considered nociceptive pain

> However, in clinical

associated with joint deformity.
practice, many patients report a high level of pain without
a severe radiologic deformity and vice versa. A previous

cross-sectional study showed no significant associations
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between the severity of radiographic deformity and joint
pain in patients with hip OA.® As expected, our results
were in alignment with those of the previous report. These
observations indicate that joint deformity has a limited
effect on pain in hip OA.

In our study, patients with strong/severe pain showed
a lower PPT and a higher TSP than did those with mild/
moderate pain in the affected hip joint and non-affected
sites, such as the lower leg and forearm, while there were
no significant differences in the K-L scale and mJSW
between groups. In particular, TSP is also a sensitive
measure of central sensitization,> and facilitated TSP
can be found in many painful chronic musculoskeletal
conditions such as chronic low back pain and
fibromyalgia.'*'® Our results demonstrate that patients
with painful hip OA have a more facilitated central sensi-
tization than those with mild pain. Repeated pain input to
the affected joint in OA may be accompanied by increased
tenderness of the lower leg and forearm muscles and may
cause central spreading sensitization. Studies on animals
have reported that noxious stimuli to a specific receptive
field in a muscle generated new muscle receptive fields at
a distance from the original one within minutes.”*~* The
spread of sensitization to adjacent spinal segments has
been proposed to account for the observed phenomenon
and the spread of pain to larger body areas. In a previous
knee OA study, patients with strong/severe pain showed
widespread hyperalgesia compared to those with mild/
moderate pain.'® Our hip OA findings are similar to the
findings of previous knee OA studies. For correlations, we
found that QST results were significantly correlated with
joint pain in hip OA. These results show that indicators of
central sensitization extend beyond the affected joint to the
affected leg and forearm in patients with hip OA with
varying degrees of joint deformity. Contrary to previous
studies that investigated the QST of osteoarthritis, we
included patients with not only severe joint deformity but
also mild joint deformity. Our findings may explain why
some patients have a high level of pain without severe
radiologic deformity, and suggest that central sensitization
could be a target for hip OA pain treatment.

In addition, there were no significant differences in
age, sex, and BMI, but there were significant differences
in pain duration, disability, and painDETECT between
patients with strong/severe pain and those with mild/mod-
erate pain. Patients with strong/severe pain tended to have
prolonged pain and more severe disability. Furthermore,
painful patients had high scores on painDETECT in this

study. There is some evidence that patients with OA may
experience neuropathic pain-like symptoms. Some patients
used words such as burning and numbness to describe the
pain associated with OA; these descriptors suggest
a neuropathic pain component.>> A previous study sug-
gested that patients with high painDETECT scores, indi-
cative of a more neuropathic element to their pain, had
lower thresholds for painful mechanical punctate stimula-
tion of an area of referred pain on the thigh.”> These
patients also had greater evoked midbrain periaqueductal
gray functional magnetic resonance imaging blood oxygen
level-dependent signaling than patients with a low
painDETECT score, suggesting that dysfunction in the
central nervous system can distinguish a subset of patients
with prominent central sensitization. The current study
suggests that a lower PPT and facilitated TSP might be
associated with neuropathic components of hip OA pain.
This study has several limitations. First, we obtained
a small sample size and a single population. Further stu-
dies are required to confirm the exact influences of the
pain of OA. Future studies should conduct multivariate
analysis and evaluate each component of the QST and
hip OA features. Second, we used only the K-L scale
and mJSW to assess the joint deformity. We did not assess
subchondral bone changes or synovitis. In particular,
patients with strong/severe pain should be evaluated com-
prehensively because their pain may be complicated.

Conclusion

We assessed the central sensitization of hip OA using QST
and investigated whether radiologic severity or central
sensitization is more involved in hip OA pain. We found
no significant differences in radiologic severity between
patients with strong/severe and mild/moderate joint pain.
By contrast, we found a significant difference in QST
results between patients with strong/severe and mild/mod-
erate joint pain. The results suggest that central sensitiza-
tion may be involved in the joint pain of patients with hip
OA who complain of severe pain despite less severe joint
deformity.

Ethical Approval

Ethics approval was obtained from the institutional ethics
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Written informed consent was obtained from all subjects
before the study. This study was conducted in compliance
with the Declaration of Helsinki and its later amendments.
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