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1 | INTRODUCTION

Knee osteoarthritis (OA) is prevalent in people aged
60years and older." Patients with knee OA tend to have
concomitant central sensitization, which is the “increased
responsiveness of nociceptive neurons in the central
nervous system to their normal or subthreshold afferent
input.”? Approximately 36.0%-53.2% of patients with knee
OA have central sensitization.>* Because patients with
both conditions show higher pain intensity and greater
functional limitations than those with knee OA alone,’
optimal management is required.

Aerobic exercise may be effective in the treatment of
knee OA® and central sensitization.” It could improve
autonomic nervous system activity in patients with cen-
tral sensitization.® Central sensitization is associated

Key Clinical Message

Aerobic exercise may be an effective treatment for knee osteoarthritis and cen-
tral sensitization, but no interventional studies have examined its effects. In this
study, the patient showed improvement in central sensitization, pain, and au-
tonomic nervous system activity after aerobic exercise using an arm ergometer.
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with the descending pain modulatory system,” which is
partially controlled by the autonomic nervous system.'
Furthermore, descending pain modulation and auto-
nomic nervous systems share the same neural pathways
which include the rostral ventromedial medulla and peri-
aqueductal gray."' As aerobic exercise benefits autonomic
nervous system activity,'? it may be effective in the treat-
ment of central sensitization; it may alleviate knee pain
and central sensitization. However, to our knowledge, no
interventional studies have examined the effect of aerobic
exercise on patients with OA and central sensitization.
This case study aimed to examine the effects of aerobic
exercise using an arm ergometer on central sensitization,
pain, and autonomic nervous system activity in a patient
with knee OA and central sensitization. The arm ergom-
eter allowed the patient to perform exercises without
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loading her knee joints. Because the arm ergometer is
more effective than a leg ergometer or treadmill in pa-
tients with knee OA," it was suitable for use in this study.

2 | METHODS
2.1 | Ethical considerations and
guidelines

The study procedures complied with the tenets of the
Declaration of Helsinki and the study protocol was
approved by the Institutional Review Board of the
International University of Health and Welfare, Narita,
Chiba, Japan (approval number: 22-Im-011). This study
was registered in the UMIN Clinical Trials Registry on
September 1, 2022 (registry ID: UMIN000048356). The eli-
gibility criteria are described on the UMIN Clinical Trials
website. The patient was screened for eligibility, and writ-
ten informed consent was obtained before commence-
ment of the study.

This case study followed the Consensus-based Clinical
Case Reporting Guideline Development guidelines.'
Figure 1 shows the time schedule for this study.

2.2 | Patient information

A 60-year-old Japanese woman presented at our depart-
ment. She was 155cm tall, weighed 55.0kg, and had
a body mass index of 22.9kg/m”. She worked daily as a
housekeeper and 4days/week as a gymnasium clerk or
piano coach.

She was diagnosed with grade 1 OA according to the
Kallgren-Lawrence classification system.'” Knee pain had
started in the left joint 6years prior to presentation, and in
the right 3years prior. At presentation, she complained of

more severe pain in the right knee than in the left, with a
maximum numerical pain rating scale score of eight while
walking. The range of motion in both knee joints was 140°
in flexion and 0° in extension without pain. Muscle strength
in knee extension measured with a handheld dynamome-
ter was 38.3/43.2kg (right/left). Orthopedic ligament tests
of the knee joint indicated no positive signs of flexibility or
pain. One year earlier, she had undergone physiotherapy
at an orthopedic clinic for 3months, with no alleviation of
knee pain. She had no history of surgery, and the only co-
morbidity was hypertension without medication intake. The
current medications were nonsteroidal anti-inflammatory
drugs (celecoxib 100mg), which she had been taking twice
per day for 1year, without improvement in her knee pain.

2.3 | Therapeutic interventions
The interventions were performed 12 times over 3 months
from February 20 (Day 1) to May 27 (Day 12), 2023
(Figure 1). We used a TERASUERUGO® arm ergometer
(TE4-70, Showa Denki Co., Ltd., Osaka, Japan). The load
was set to 60%—-75% of the predicted maximum heart rate
(220 —age),'® and we used 20W in this case. The patient
performed one session on each day with the arm ergom-
eter for 10-12min and subsequently rested for 3 min.
Furthermore, several home exercise programs were
recommended to her, including resistance training and
stretching (knee extension and flexion, and trunk rotation
and extension). Adherence to home exercise was assessed
weekly by Hironobu Uzawa.

2.4 | Outcome measures

Pre- and post-intervention assessments were performed on
February 2 and June 10, 2023, respectively (Figure 1). We

Study Period

Baseline Interventions (day 1-12) Post-intervention
Timepoint 2 February 20 February to 27 May 10 June
Enrolment:
Eligibility screen and informed consent X
Interventions:
Arm ergometer with self-exercise X
Assessments:
Basic characteristics X
Conditioned pain modulation X X
Numerical rating scale for knee pain X X
Questionnaires X X
Autonomic nervous system activities X

FIGURE 1 Study schedule. This figure shows the time points used in the case study. “X” refers to the items (e.g., basic characteristics)

assessed.
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used conditioned pain modulation (CPM) and the Central
Sensitization Inventory (CSI) to assess central sensitization.
In CPM, she immersed her right hand in 8-12°C cold water
for three 45-s immersions in three 15-s intervals."” The pres-
sure pain threshold (PPT) was measured using a Wagner
FPX-25 (Wagner Instruments, Greenwich, CT) on her left
upper trapezius before and after cold-water immersion.'®
The difference in the PPT before and after immersion was
calculated, and a negative number indicated central sensiti-
zation." The CSI is a questionnaire used to screen for central
sensitization, which is positive if the score exceeds 40.%°

The R-R intervals were measured using an arm ergom-
eter and a wearable heart rate sensor (WHS-1, Union Tool
Co. Ltd., Tokyo, Japan) at low and high frequencies (LF
and HF, respectively) and analyzed using an RRI Analyzer
2 (Union Tool Co. Ltd.). LF/HF indicates sympathetic ner-
vous system activity, and the HF normalized unit (HF,,)
was calculated using the following formula: HF/(HF + LF),
indicating parasympathetic nervous system activity.**

Pain intensity was evaluated on a numerical rating scale
for average and maximum knee pain while walking. The area
of pain was described using the Michigan Body Map.*

Several questionnaires (the PainDETECT,” Pain
Catastrophizing Scale,* International Physical Activity
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Questionnaire,” Hospital Anxiety and Depression
Scale,? Pittsburgh Sleep Quality Index,?” Checklist
for Individual Strength,® and Western Ontario and
McMaster Universities Osteoarthritis Index*) were
administered.

2.5 | Diagnostic assessment

The pre-assessment values were a CPM score of —0.08
and CSI score of 42. Therefore, we evaluated the patient
for central sensitization.

3 | RESULTS

The CPM score improved from —0.08 to 0.70. The CSI
score improved from 42 to 39. The numerical rating scale
score improved from two to one for average pain, and
from eight to two for maximum pain while walking. The
pain area also narrowed (Figure 2). All questionnaires,
except the International Physical Activity Questionnaire
and the Pittsburgh Sleep Quality Index, showed improve-
ment. Table 1 presents the results of all assessments. No
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FIGURE 2 Pain diagram pre- and post-interventions. This study used the Michigan Body Map to determine the pain area. A tick

indicates that the patient had pre- and post-assessments for pain.
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TABLE 1 Results of assessments pre- and post-intervention.

Pre-
Assessments intervention Post-intervention
Conditioned pain —0.08 0.7
modulation
Central sensitization 42 39
inventory
Pain intensity 2 1
(average)
Pain intensity 8 2
(maximum)
PainDETECT 15 12
Pain Catastrophizing 41 32
Scale
International 6.6 4.4
Physical Activity
Questionnaire
Hospital Anxiety and 8 6
Depression Scale
(Anxiety)
Hospital Anxietyand 5 2
Depression Scale
(Depression)
Pittsburgh Sleep 7 9
Quality Index
Checklist for 74 54
Individual Strength
Western Ontario 21 20
and McMaster
Universities

Osteoarthritis Index

Note: This table presents the results of the assessments. Conditioned pain
modulation is a test for central sensitization. The cutoff is 0, and a negative
value means the patient has central sensitization. The Central Sensitization
Inventory is also a questionnaire on central sensitization. A score above 40
indicates central sensitization. Pain intensity was measured on a numerical
rating scale. Other outcomes were questionnaire scores, with higher scores
indicating more severe symptoms and functional limitations.

adverse events such as deteriorating knee pain occurred.
The patient stated “the arm ergometer was tiring, but ef-
fective in alleviating pain.”

The average LF/HF decreased from 2.59 on Day 1 to
0.76 on Day 12 with arm ergometer use. In the recovery
phase, the average LF/HF ratio decreased from 1.45 to
0.51. The average HF,, increased from 0.29 to 0.58 with
arm ergometer use, and the HF, increased from 0.44 to
0.66 during recovery (Table 2).

4 | DISCUSSION

The aim of this case study was to examine the effects
of aerobic exercise using an arm ergometer on central

TABLE 2 Autonomic nervous system activity during and after
arm ergometer use.

Day 1 (20 Day 12 (27
Assessments February) May)
Average LF/HF during 2.59 0.76
arm ergometer
Average LF/HF during 1.45 0.51
recovery
Average HF, , during 0.29 0.58
arm ergometer
Average HF, during 0.44 0.66
recovery

Note: This table presents the average low and high frequencies (sympathetic
nervous system activities) and high-frequency normalized units
(parasympathetic nervous system activities) during exercise and recovery. A
higher value indicates greater activity.

sensitization, pain, and autonomic nervous system activ-
ity in a patient with knee OA and central sensitization.
After the intervention, the patient showed improvement
in these conditions.

Before the intervention, the patient had a CPM score
of —0.08 and CSI score of 42, indicating the presence
of central sensitization.'”?° Furthermore, she had a
relatively high LF/HF at 2.59 during exercise on Day
1, as the LF/HF of healthy people is approximately
1.48 +1.20.%° After the intervention, her CPM score im-
proved to 0.70, and her CSI score to 39, indicating the
absence of central sensitization; reduced sympathetic
nervous system activity during the exercise was indi-
cated by a LF/HF of 0.76 on Day 12. We believe that
the aerobic exercise using the arm ergometer improved
these conditions because it has previously been reported
to alleviate autonomic nervous system activity and cen-
tral sensitization.® The underlying reason may be that
central sensitization is thought to be a dysfunction of
the descending pain modulatory system,” and this sys-
tem and the autonomic nervous system share the same
neural pathways, in the rostral ventromedial medulla
and periaqueductal gray."' In fact, some patients with
chronic musculoskeletal pain and central sensitization
experience autonomic dysfunction during rest and exer-
cise.>32 Thus, as aerobic exercise alleviates autonomic
nervous system activity,'* it may also have been effective
in alleviating the patient's central sensitization.

In addition, her pain level decreased from two to one
for average pain, and from eight to two for maximum
pain while walking, and the pain was more localized.
The symptoms of central sensitization are segmental and
extra-segmental spreading sensitization; therefore, the
lower pain intensity and more localized pain could have
been brought about by an improvement in central sensi-
tization.” Furthermore, the patient showed improvements
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in pain-related symptoms, such as pain catastrophizing
and fatigue. These improvements could also have resulted
from the alleviated central sensitization associated with
pain-related symptoms.*>**

As this study focuses on one patient, it is important
to acknowledge the potential biases that might have
influenced the effects of the intervention. First, the pa-
tient was taking celecoxib, which might have impacted
the results. However, since the medication had been
taken for a year without any reduction in knee pain, we
believe it is unlikely to have influenced her condition
during the study. Second, our patient engaged in aero-
bic exercise only once per week. While a systematic re-
view?> on the effects of aerobic exercise in patients with
non-specific neck pain reported that the participants
performed aerobic exercise at least twice per week, our
protocol was based on two factors: The primary factor
was the patient's inability to visit the hospital more than
once a week due to work commitments. This limitation
was beyond our control. The secondary factor was that
a few observational studies have shown changes in au-
tonomic activity after a single session of aerobic exer-
cise per week. For instance, one observational study>’
found that a single bout of 75% predicted heart rate max
aerobic exercise caused changes in HF and LF/HF. Our
patient performed aerobic exercise with a load of 60%-
75%, and we hypothesize that even this frequency could
lead to improvements in the patient's condition due to
the correlation between autonomic activity and cen-
tral sensitization.”!! Third, the patient also performed
self-exercise, such as resistance training and stretch-
ing, which might have contributed to her improvement.
However, a few studies have reported that resistance
exercise and stretching do not improve autonomic ac-
tivity.***” Given that our patient showed improvement
in autonomic activity, which we hypothesize may have
alleviated central sensitization, knee pain, and pain-
related outcomes, we suggest that the aerobic exercise
using the arm ergometer may have played a significant
role in her improvement.
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