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Abstract
BACKGROUND
Neuropathic pain management should aim at improving quality of life and daily living activities of patients; therefore, emphasis should be placed on pain management including understanding the pain patterns during daily activity. Therefore, lifestyle guidance should be based on a detailed understanding of pain; however, previous studies commonly evaluated pain intensity at a single point in time. We report a case on patient education intervention based on the relationship between pain circadian rhythms and detailed physical activity during the day.

CASE SUMMARY
A man in his 60s, who suffered a brachial plexus injury in a traffic accident, presented with neuropathic pain. Early assessment of the importance of daily living activities to the patient, pain rhythmicity, and physical activity, was performed. The early assessments showed that the pain intensity was lower on days when more light-intensity physical activity (LIPA) was performed, than on days when less LIPA was performed. Consequently, patient education focused on methods to decrease the pain intensity that tended to worsen in the afternoon, and encouraged behavioral changes by suggesting the patient to take walks,” which could be used to maintain LIPA in the afternoon. On reassessment, the afternoon LIPA, which had been the focus of attention, had increased and a change was noted in the circadian rhythm of pain.

CONCLUSION
Patient education based on a composite assessment elicited positive results in relation to the pain circadian rhythm and physical activity.
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Core Tip: A thorough understanding of circadian pain rhythms can facilitate adjustments to patients’ lifestyle for better management of neuropathic pain. We evaluated the circadian pain rhythms and physical activity of a patient in his 60s. Based on the results of this evaluation, we provided pain neurophysiology education to the patient. We also discussed with him the relationship between his pain rhythmicity and physical activity and encouraged smooth behavioral changes for pain management by learning the importance of different types of daily life activities through dialogue.

INTRODUCTION
Neuropathic pain (NP) is defined as “pain caused by a lesion or disease of the somatosensory nervous system”[1]. NP presents as a variety of sensory symptoms, such as electric shock pain, burning pain, and numbness[2]; the incidence of NP in developed countries is estimated to be 1%-7%[3,4]. NP is reportedly more severe than nociceptive pain in terms of pain intensity and psychological state[5], and causes a significant decline in the quality of life (QOL)[3,6]. In addition to the various sensory symptoms of neuropathic origin, psychosocial factors often linked to the pathophysiology of the disease, due to persistent pain[7-10], complicate its treatment.
[bookmark: _Hlk69936228]Therefore, at present, NP management aims at improving the patients’ QOL and activities of daily living (ADL)[11]; therefore, instead of focusing on pain elimination, the emphasis is placed on pain management, which includes understanding the pain patterns during daily activities and physical exercise. Patient education is a method of intervention aimed at pain management. Moseley et al[12] reported the effectiveness of pain neurophysiology education (PNE), a teaching method that focuses on neurophysiology and neurobiology, in treating pain, functional disability, and physical activity[13]. In contrast, exercise-induced hypoalgesia has also been proposed as an intervention for NP. Sato et al[14] reported that subjective pain intensity and mood were improved in patients with chronic spinal cord injury by aerobic exercise. Additionally, among community-dwelling patients with NP, those who performed more physical activity had lower pain levels and a better psychological status than those with lower activity levels[15].
Against this backdrop, it is important to use patient education to promote pain management in patients with NP, while addressing their daily activities and physical activity. However, specific and efficient lifestyle guidance should be based on a detailed understanding of pain. Previous studies have often evaluated pain intensity at a single point in time, and thus assessment on a detailed understanding of pain seems uncertain. PNE involves correcting the pain perception of people[16]; hence, understanding the relationship between the patients’ pain and their ADL is necessary to promote behavioral change.
To clearly understand the characteristics of pain, attention should be given to the pain circadian rhythms in various diseases[17-21]. In a study on patients with NP, Gilron et al[22] reported that pain circadian rhythms caused increased pain perception in the evening and at night, as compared to the morning. A thorough understanding of these circadian rhythms can facilitate scheduling of daily activities and physical activity based on the time of the day, thereby, ensuring better pain management.
We evaluated the relationship between pain circadian rhythms and physical activity during the day in depth, in addition to assessing the current ADL in a patient with NP. Based on these assessments, patient education was used to explain the characteristics of the patient’s pain and physical activity, and to provide guidance on future pain management. The intervention resulted in an increase in the previously decreasing physical activity in the afternoon and a corresponding change in the circadian rhythm of pain.

CASE PRESENTATION
Chief complaints
A 68-year-old man presented with severe spontaneous pain in the affected upper limb with a feeling of electricity running through it.

History of present illness
The patient was in a car accident 8 years ago, which had resulted in complete damage to his right brachial plexus. Right after the car accident, he began to experience severe spontaneous pain in the affected upper limb with a feeling of electricity running through it. After the injury, the patient was admitted to a recovery-phase rehabilitation ward for 6 mo and received daily occupational and physical therapy. After discharge from the hospital, the patient returned to community life while receiving weekly occupational and physical therapy at a rehabilitation hospital. After about 1 year of hospital rehabilitation, the patient began receiving twice-weekly group rehabilitation at a seniors’ day care facility.
The patient had retired from work after the injury. Based on the description of his daily life during initial assessment, he utilized day care services for seniors twice a week in the morning and took a walk around the neighborhood on days when the day care service was not available. He spent most of his afternoons at home, often in front of the television, or pruning his garden plants and doing laundry. He had a strong desire to do more despite his pain, saying, “If only I could get rid of this pain, I could do more things”.
The patient gave written consent after being informed of the study procedure. The experimental protocol was approved by the Kio University Ethics Committee (approval number: H30-31).

History of past illness
From the car accident 8 years ago to the present, there were no illnesses that caused any problems.

Personal and family history
The patient had no significant past history or family history.

Physical examination
He has continued to take pain medication regularly, in the morning and evening, to this day. The sensory-motor function of the affected upper limb had not changed significantly since the time of the injury; he had flaccid motor function with complete paralysis and a severely dulled sensory function. Tactile stimuli to the right shoulder, elbow, and fingers extremities were faintly perceptible but worsening of spontaneous pain with tactile stimuli was observed.

Laboratory examinations
No abnormalities were found in the blood and urine tests.

Early assessment
The significance of the ADL for the patient, his pain characteristics, and psychological status were assessed beforehand. The pain circadian rhythms and physical activity during the day were also evaluated. All prior assessments were performed using questionnaires, which the patient was asked to answer on the spot.

Importance assessment for daily life activities
The patient was asked to select five activities that he often did in his daily life, and to rate the importance of these activities on a scale of 0-10 (0: not important, 10: very important).

Measures
The NP diagnostic questionnaire (DN4) was used to determine NP, the Short-Form McGill Pain Questionnaire 2 (SFMPQ2) was used as a multidimensional assessment of pain intensity, and the NP symptom inventory (NPSI) was used to assess the severity of NP. Psychological states were assessed using the Hospital Anxiety and Depressions Scale (HADS) for depression and anxiety, and the pain catastrophizing scale (PCS-4) for pain catastrophizing thoughts.

DN4: DN4 is an evaluation scale developed to classify NP and non-NP[23]. It consists of 10 questions related to NP (e.g., “Do you have a burning pain?” “Do you have pain like an electric shock?”). If four or more items are applicable, the pain is judged as NP.

SFMPQ2: SFMPQ2 consists of 22 questions and can be categorized into four sub-items: continuous pain, intermittent pain, affective descriptors, and NP[24]. Each item was answered on a numerical rating scale of 11 points, and higher the score, more severe was the pain experienced.
NPSI: The NPSI is a 10-item questionnaire related to NP (e.g., “Do you have burning spontaneous pain?”) (“Do you have attacks of pain, like a knife stabbing?”). It can be classified into the following sub-items: spontaneous pain, attacks of pain, provoked pain, and abnormal sensations[25]. These symptoms were self-evaluated by the patient on an 11-point numeric rating scale by selecting the number that best described the average pain he had experienced within the last 24 h (range, 0 to 10, where 10 indicates maximum pain). The higher the total score, greater the severity of the symptoms of NP.

HADS: HADS contains 14 items and two subscales. The two subscales independently assess depression and anxiety[26]. Higher scores indicate more severe anxiety and depression.

PCS-4: PCS-4 is a shorter version of the 13-item PCS and contains four items. Higher scores indicate more severe catastrophic thinking[27].
Pain circadian rhythm
The pain circadian rhythm was assessed over seven days. Pain intensity was measured at six time points per day (waking up, 9:00, 12:00, 15:00, 18:00, and 21:00 h) using a 10-cm visual analogue scale (VAS), written on paper. The assessment was done by the patient himself and in case of difficulty in conforming to the time of measurement, he was asked to complete the assessment in the range of one hour before and after of the scheduled time (e.g., if it was difficult to perform the assessment at 15:00 h, he was asked to do it between14:00 and 16:00 h).

Physical activity
An active style Pro HJA-750C activity monitor (OMRON, Kyoto, Japan) was used to assess the amount of physical activity during the day, and the patient was instructed to wear the device on his waist from the time of waking up to bedtime. The physical activity meter recorded the events every 10 s, and the composite acceleration was calculated from the vertical, longitudinal, and lateral accelerations by means of its 3-axis accelerometer. In order to separate walking from daily living activities, high-pass filtering at 0.7 Hz was used to calculate the ratio of the synthetic accelerations before and after the filtering, and walking and living activities were distinguished based on the synthetic accelerations calculated at 10-second intervals. The intensity of each activity was estimated in metabolic equivalents (METs)[28,29]. In the present study, we calculated the sedentary activity (SA) of less than 1.5 METs (e.g., watching TV or reading in the supine or seated position) and light-intensity physical activity (LIPA) 1.5-3.0 METs (e.g., standing and standing activities, such as housework and walking) within the wearing time. There were no missing data due to failing to wear the device during the survey period.

Results of early assessment
Pain characteristics and psychological status: The results of the questionnaire assessment revealed a DN4 score of 6, which exceeded the criterion for determining NP. The SFMPQ2 recorded a total value of 46 (subscale scores: continuous pain, 14/60; intermittent pain, 16/60; NP, 16/60; affective descriptors, 0/40). The NPSI showed moderate NP with a total value of 43 (subscale scores: spontaneous pain 17/30; attacks of pain 10/20; provoked pain 10/30; abnormal sensations 6/20). The HADS score was 9/21 for depression, 6/21 for anxiety, and 12/16 for PCS-4.

Importance of daily life activities: In the assessment of the importance of ADL, walking and day care services for seniors, which are mainly performed in the morning, was very important to the patient, who commented positively, “I feel less pain when I am moving.” In terms of afternoon activities, he commented, "I have no choice but to go because the pain bothers me if I sit still" (Table 1).

Pain circadian rhythm and physical activity: Figures 1 and 2 show the results of early assessment of the pain circadian rhythm. In terms of all observation points, there was little difference between days, at particular times of the day, and the VAS was consistently the highest on waking (Figure 1). In the 7-d average pain circadian rhythm, the VAS score decreased to a minimum value at 12:00 h, but then tended to worsen again over time (Figure 2).
Figure 3 shows the results of early assessment of physical activity. The average physical activity during the 7 d, as described by the patient, involved marked LIPA in the morning, but afternoon onward, the LIPA decreased and SA increased. Furthermore, we classified the days on which the activity time was lower (4 d) and higher (3 d) than the 7-d average of LIPA, and confirmed the LIPA time and the pain circadian rhythm for each time period (Figures 4 and 5). On days with a longer LIPA duration, more time was spent in LIPA in the afternoon than on days with a shorter LIPA duration, and the VAS scores after 12:00 h were lower on days with a longer LIPA duration than on days with a shorter LIPA duration.

FINAL DIAGNOSIS
Based on the results of the early assessment, it was determined that the patient had NP.

TREATMENT
The early assessment indicated that the patient had NP, which was moderate and persistent throughout the day. Additionally, walking and using day care services for seniors was important to the patient, and he was able to perform certain amount of physical activity. The comment, “I feel less pain when I move,” indicated that the patient had a positive attitude toward exercise. Based on the relationship between the pain circadian rhythm and physical activity, it seemed likely that, regardless of the ability to engage in LIPA, it was important in terms of pain management, and that the decreased LIPA time in the afternoon may be a causal factor in pain exacerbation.
Based on the results of the early assessment, we provided education and guidance to the patient on the following three points. First, PNE was provided, including the content of the neurophysiology of NP and the basic management of pain, with reference to the report of Gallagher et al[30]. The explanations were given in plain language so that patients without medical knowledge could understand them. We aimed to provide an accurate understanding of NP and the thought process regarding pain. Second, the results of the early assessment were explained in detail, introducing scientific evidence related to exercise-induced hypoalgesia and pain management. Specifically, a visual representation of the patient’s pain circadian rhythm and physical activity was presented, and an explanation that “walking” and “day services” are likely to be associated with the pain circadian rhythm was provided since they were considered very important to the patient and allowed him to maintain LIPA. Third, based on the previous explanations, we focused on the decrease in physical activity and increase in pain in the afternoon, and encouraged behavioral changes such as “taking walks” not only in the morning, but also in the afternoon, to the maximum extent possible. Thereby, we attempted to confirm a relationship between pain circadian rhythm and physical activity, and to provide a likely strategy for future pain management. Patient education on these three points was conducted after the completion of all early assessments and lasted approximately 1 h.

OUTCOME AND FOLLOW-UP
Reassessment
One month following patient education, a reassessment was conducted. In the reassessment, the pain circadian rhythm and physical activity were assessed for 3 d, considering the patient burden.

Changes in pain characteristics and psychological status
The reassessment questionnaire showed a DN4 score of 6 and a total SFMPQ2 score of 44 (subscale scores: continuous pain, 15/60; intermittent pain, 19/60; NP, 10/60; affective descriptors, 0/40), with some improvement in the NP sub-item. The NPSI also showed a slight improvement over the early assessment, with a total value of 38 (subscale scores: spontaneous pain, 15/30; attacks of pain, 11/20; provoked pain, 6/30; abnormal sensations, 6/20). The HADS score was 10/21 for depression and 6/21 for anxiety, and the PCS-4 score was 10/16, which had not changed significantly from the early assessment.

Changes in pain circadian rhythm and physical activity
Figures 6 and 7 show reassessments of the pain circadian rhythm and physical activity. LIPA had increased somewhat during 14:00-16:00 h as compared to the early assessment (Figure 6). In terms of pain circadian rhythm, the VAS had decreased after 12:00 h as compared to the early assessment, and the minimum VAS score had moved from 12:00 h to 18:00 h (Figure 7).

DISCUSSION
In this study, we evaluated the NP of a patient following brachial plexus injury by means of a comprehensive evaluation, including an evaluation of the importance of the ADL, pain rhythmicity, physical activity, and their interrelationships.
During the early assessment, the patient had moderate NP, and from the patient's description, the presence of pain seemed to be a major problem for him in his daily life. The circadian rhythm of the patient’s pain showed the highest intensity pain upon waking on all 7 d, with a pattern of reduced pain during the day and pain exacerbation in the evening. It has been pointed out that the intensity of chronic pain fluctuates greatly from day to day[31], and that it is difficult to predict daily pain fluctuations. However, for this patient, a similar rhythm was observed throughout the 7 d, even at times other than waking up, and the circadian rhythm of pain was somewhat consistent. Furthermore, in relation to physical activity, the intensity of pain was lower on days when LIPA was more frequent than on days with less frequent LIPA. A previous study reported that conditioned pain modulation, a measure of descending pain control function, is more effective in patients with shorter SA and longer LIPA[32,33]. In this patient, it was highly likely that LIPA contributed to the reduction of pain intensity, and it is important to control LIPA based on the understanding of the pain circadian rhythm from the perspective of pain management.
Based on the interpretation of the early assessment, patient education focused on how to spend the afternoon, when the pain intensity tended to worsen, and encouraged behavioral changes in the afternoon by suggesting “walks,” which were very important to the patient and could be used to maintain LIPA. Reassessment showed no significant improvement in SFMPQ2 or NPSI scores, or psychological assessment, but there was an increase in LIPA in the afternoon, which was our focus, and in pain circadian rhythm, with the minimum pain intensity shifting from 12:00 h to 18:00 h. This result, as interpreted in the initial assessment, means that LIPA is likely to have contributed to the reduction in pain intensity in this patient.
Patient education has been shown to be effective to address pain intensity, psychological factors, such as catastrophic thoughts, and limitations in physical activity[13]. However, since most previous studies have provided long-term, continuous patient education, it was difficult to assess the effects on pain intensity and psychological factors with a once-off, short-term intervention such as used in the present patient. On the other hand, by assessing the pain circadian rhythm, even with a short-term intervention, it was easier for the patient to understand the relationship between the circadian rhythm of pain and physical activity, which may have led to an increase in physical activity and changes in the pain circadian rhythm during the target time.
We also assessed the importance of ADL and provided patient education in terms of “walking.” Pain intensity has been reported to vary with attention[34] and satisfaction with social participation[35]. Furthermore, positive emotions, such as a sense of accomplishment and relief from life goals, activate reward regions in the brain and stimulate a descending pain suppression mechanism[36]. In other words, participation in day-care activities for seniors and the practice of walking may itself have contributed to the reduction of pain intensity in this patient’s case. We were able to use “walking” as a concrete means of behavioral change by considering the importance of various activities of daily life, and this may have led to the positive result.
A limitation of this study is that it is based on a single case, and it is difficult to address the causal relationship between the decrease in pain and physical activity; the interpretation that the amount of activity increased simply because there was less pain cannot be ruled out. In addition, patient education should be individualized based on a composite assessment, and the strategy of “increasing physical activity” used in this case may not be applicable to all patients. In order to clarify the relationship between pain circadian rhythm and physical activity, we plan to use the same strategy for multiple cases in future.

CONCLUSION
In this study, patient education based on a composite assessment elicited positive results in relation to pain circadian rhythm and physical activity. For this patient, activities of great importance, such as “walking” and “participation in day-care services for seniors,” were also associated with the pain circadian rhythm. By considering the circadian rhythm of pain in the complex evaluation of patients with NP, it may be possible to examine the relationship between pain and ADL more specifically and to provide individualized treatment interventions based on each patient’s condition.
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Figure Legends
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Figure 1 Early assessment of the pain circadian rhythm (all observation points). The black square indicates the values when the patient woke up in the morning. VAS: Visual analogue scale.
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Figure 2 Early assessment of the pain circadian rhythm (7-d average of each observation point). VAS: Visual analogue scale.
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Figure 3 Early assessment of physical activity by time of day (7-d average).
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Figure 4 Comparison of light-intensity physical activity for each time point. LIPA: Light-intensity physical activity.
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Figure 5 Comparison of pain intensity with high and low light-intensity physical activity. LIPA: Light-intensity physical activity; VAS: Visual analogue scale.
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Figure 6 Changes in physical activity at each time of day. Left: Early assessment; Right: Re-assessment.
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Figure 7 Changes in pain circadian rhythm (average of each observation point). Left: Early assessment; Right: Re-assessment. VAS: Visual analogue scale.

Table 1 Importance assessment for daily life activities
	Walking
	Day care services for seniors
	Laundry related work
	Garden Maintenance
	Watching TV

	8
	6
	4
	4
	2

	Patient statement
	Walking: Mainly a morning routine. I feel better in pain when I‘m moving

	
	Day care services for seniors: Just talking to a lot of people calms me down

	
	Watching TV: There's nothing else to do
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