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Background: In chronic pain syndromes, symptoms can fluctuate and 
change over time. Standard questionnaires cannot register these fluctuations. 
Nonetheless, the experience sampling method (ESM) is developed to collect 
momentary measurements of everyday complaints, tracing fluctuations in 
symptoms and disabling factors over time. Although valuable information can 
be collected in this way, assessment may also be a burden. This study aimed to 
investigate the acceptability, usability, and feasibility of ESM in chronic secondary 
pain syndromes, in a single-center study in the Netherlands.

Methods: A prospective observational study with repeated measurements was 
conducted in patients with chronic secondary neuropathic and musculoskeletal 
pain syndromes, including small fiber neuropathy, spinal cord injury, and 
rheumatoid disorder.

Results: Thirty-four participants were included and filled in the ESM, of whom 
19 were diagnosed with small fiber neuropathy, 11 with spinal cord injury, and 4 
with a rheumatoid disorder. The mean age was 54.7  ±  13.9  years (range: 23–77) 
of whom 52.9% were female. In total, 19 participants filled in the general and 
user-friendliness evaluation about the acceptability and usability of the ESM. The 
general evaluation showed no influence of ESM on participants’ social contacts 
(mean 1.47, SD 1.12), activities (mean 1.74, SD 1.44), and mood (mean 1.89, SD 
1.59). The answers options of ESM were a good representation of the experiences 
of participants (mean 4.58, SD 1.77). Regarding feasibility, the overall response 
rate for answering the beep signals of ESM was 44.5% in total. The missing rate 
per person varied from 13% to 97% with a median of 54.1%.

Conclusion: The general evaluation and the user-friendliness revealed sufficient 
outcomes in favor of the ESM application. ESM seems a promising measurement 
tool to use in secondary chronic pain syndromes.
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1. Introduction

Chronic pain can be a symptom of a primary pain syndrome, in 
which pain cannot be accounted for by another pain condition or 
underlying disease, or a secondary pain syndrome, in which pain is 
linked to other diseases as the underlying cause (1). Almost 18%–34% 
of adults in the United States and Europe are affected by chronic pain 
(2, 3). Physical functioning and quality of life (QOL) are often 
negatively affected in chronic pain syndromes (4, 5). As became clear 
in the last decades, pain-related disability has a biopsychosocial 
character. As we know from research in primary pain syndromes, 
(dynamic) psychosocial factors interact and interfere with daily 
functioning in chronic pain (6–8). Their joint impact potentially 
accounts for changes in pain intensity and pain-related disability (9). 
In secondary chronic pain syndromes, biomedical factors can even 
lead to an additional disabling impact. Fluctuations in somatic 
symptoms related to the underlying medical disorder also may 
negatively interact with psychosocial factors leading to a pain as well 
as daily functioning with a joined impact on pain intensity and 
disability (9–11). The treatment of the underlying disease in a 
secondary chronic pain syndrome will not automatically result in the 
improvement of pain intensity or QOL with disease management. 
However, the impact of pain is not always investigated with a 
biopsychosocial approach (12, 13). It is necessary to be aware of the 
pain management and the underlying biopsychosocial factors in order 
to unravel and understand fluctuations of all biopsychosocial factors 
over time and their impact on QOL, pain and pain-related disability 
to develop a personalized treatment approach (9, 11, 14–19).

Pain intensity, psychosocial factors (including catastrophizing, fear, 
anxiety, and depression) and biomedical factors (such as f.e., spasticity 
in spinal cord injury related pain or disease activity in rheumatoid 
arthritis) as well as daily activities are not stable but may fluctuate and 
change throughout the day (11, 20). Measuring changes in these factors 
within a day, (probably) influencing pain intensity and pain-related 
disability, is possible with a diary. This contrasts standard questionnaires, 
which cannot be used for the momentary assessment of biopsychosocial 
factors (21). Moreover, these questionnaires are not able to capture daily 
changes as they need the support of the memory to recall symptoms 
and pain over a certain period (22). As a result, retrospective 
assessments are prone to result in an over- or underestimation of 
complaints (15, 17, 23–27). In contrast, real-time changes can 
be assessed with a daily diary, which avoids recall and memory bias (27).

The experienced sampling method (ESM) is a smartphone-
based diary (application), that gathers real-time repeated 
measurements at randomly determined moments in the natural 
environment of everyday complaints (9, 16, 22, 28–31). A more 
profound understanding of disease-related fluctuations, including 
mood, somatic symptoms, thoughts, and physical activity, can 
be monitored (11, 15–17). Several beep signals per day are sent as 
a reminder to fill in a set of questions and statements for a 
consecutive period, which could result in a burden. In order to 
measure the fluctuations of the biopsychosocial factors with ESM, 
a feasibility study has to confirm the acceptability, usability and 
feasibility of ESM. Various feasibility studies have proven ESM to 
be  valid and reliable in the daily-life assessment of primary 
chronic pain (9, 15, 17, 32). However, several predictors have been 
clarified, negatively influencing the response rate, including male 
gender, younger age, substance abuse, and negative affect (22, 

33–36). There are also a couple of requirements for the successful 
use of ESM to prevent missing data, e.g., being able to use a 
smartphone and thinking of a low battery to charge in time (37). 
However, the exact addition of ESM data to the clinical practice 
remains unclear.

The aim of this study is to analyze the acceptability, usability, and 
feasibility of ESM in chronic secondary neuropathic pain syndromes 
and chronic secondary musculoskeletal pain syndromes, in a single-
center study in the Netherlands.

2. Methods

2.1. Design

In Adelante location Maastricht University Medical Center+ 
(the Netherlands), an observational study with repeated 
measurements was conducted in participants with chronic 
secondary neuropathic pain syndromes and chronic secondary 
musculoskeletal pain syndromes, including small fiber neuropathy, 
spinal cord injury, and rheumatoid disorder. Adelante is specialized 
in the rehabilitation of patients with chronic pain syndromes, 
therefore, patients, living everywhere in the Netherlands, will 
come to the outpatient clinic to be  treated. Participants were 
recruited in the outpatient clinic between September 2021 and 
September 2022. The following participants were included: age 
older than 18 years, who experience pain-related disability in daily 
life activities. Approval of the study was obtained by the medical 
ethical committee of Zuyderland Medical Center 
(METCZ20210022).

2.2. Device

To conduct an ESM study design, PsyMate© (smart-eHealth GmbH, 
Luxembourg) has been used. PsyMate© is a smartphone-compatible 
diary (Android and Apple) developed by the department of Psychiatry 
of the Maastricht University Medical Center+. A time- and signal-
contingent schedule was set with 10 beep signals a day for 7 consecutive 
days between 7:30 AM and 10:30 PM (17, 29) because in other ESM 
studies, more than 7 beep signals resulted in a response rate of 86% (31). 
The beep signal schedule was randomly set and had an interval of at least 
15 min and a maximum of 90 min between each beep signal, see 
Figure 1. Participants had to fill in 18 questions including biomedical 
(specifically related to their disease), mood, psychological, and social 
topics. An overview of the ESM questions is summarized in Table 1. 
After the beep signal, the participant had 15 min to fill in the questions 
and statements, otherwise, the questions disappeared and became 
missing values. Participants were asked to complete all questions 
and statements.

On the last day of enrollment, participants were asked to fill in an 
acceptability and usability questionnaire for a general and user-
friendliness evaluation, consisting of 18 questions with nine questions 
about the general evaluation, and nine questions about the user-
friendliness. Acceptability is defined as appropriate use of the ESM 
tool from the participants’ perspective, usability as the ability to use 
the measurement tool ESM, and the feasibility is based on the 
implementation of the measurement tool in practice.
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2.3. Procedure

The rehabilitation physician checked the inclusion and exclusion 
criteria during a consultation in the outpatient clinic. After informed 
consent approval, eligible participants were contacted by the research 
team to provide additional study information. Sociodemographic 
information was collected with a questionnaire, including college 
degree, work state and substance abuse, such as tobacco, alcohol and 
drugs. Participants received information and instructions about the 
ESM application via phone contact. When experiencing any problems, 
they could call or e-mail the research assistant. Figure 2 shows the 
inclusion flowchart of the study.

2.4. Statistical analysis

The baseline variables were calculated as frequencies and 
proportions of categorical variables and means and standard 
deviations of continuous variables.

2.5. Acceptability and usability analysis

The acceptability and usability were based on the outcome of 
the general and user-friendliness evaluation (questionnaire). 
The  questions and statements are presented in Table  2. The 
questions and statements were scored on a Likert scale of 7 
(1 = not, 7 = very much), and, the overall satisfaction score was 
scored on a 11-point numeric rating scale (0 = not, 10 = very 
much). The outcome was calculated as frequencies 
and proportions.

2.6. Feasibility analysis

For feasibility, the overall response rate (compliance) was 
calculated on a daily and a weekly basis at the end of the survey 
as frequencies and proportions of each participant. The 
presentation of completion rates, ranges of completion rates, and 
distributions of completion rates were mentioned (38). An overall 
response rate of 33% was mentioned to be minimally required to 
analyze ESM data (39). Missing values were analyzed with a 
missing value analysis. The reason for missing data was analyzed: 
missing (completely) at random, and not missing at random (36, 
40). The level of 30% was taken as a significant degree of 
missingness and resulted in a dichotomous variable. Thereafter, 
we studied whether missingness could be predicted by baseline 
characteristics by using a multilevel binary logistic regression 
(41). The following predictors were integrated into the regression 
analysis: age, gender (male-female), an education level (lower or 
higher than a college degree), work state (working or not), the 
outcome of hospital anxiety and depression scale (0–7, normal 
score, 8–10: borderline, and ≥11: abnormal), and substance abuse 
[yes (=1) or no (=0)] [tobacco, alcohol use, drugs (yes or no)] (22, 
33–35). The results were analyzed as a total, and not according to 
the diagnosis.

FIGURE 1

Example of a daily (random) beep scheme. A visualization of a random and time-contingent ESM schedule. The stars are indicating the random beep 
signals within a time window of 90 minutes.

TABLE 1 Overview of experience sampling method (ESM) questions with 
scoring.

ESM question

I am in pain 0 = no pain, 10 = worst pain

I am tired 0 = not tired, 10 = very tired

I am cheerful 1 = not, 7 = very

I am relaxed 1 = not, 7 = very

I am sad 1 = not, 7 = very

I am anxious 1 = not, 7 = very

I was physical active since the 

last beep signal

1 = not, 7 = very

I want the pain to stop 1 = not, 7 = very

I am not thinking clear 1 = not, 7 = very

I try to move less 1 = not, 7 = very

The pain determines what 

I am doing

1 = not, 7 = very

What am I doing? Work, housekeeping-related activities, food-

related activities, selfcare, care for others, 

resting, social contact, nothing, use of social 

media, sports, relaxing, something else

Where am I? Home, visitation, at work, public place, on my 

way to, somewhere else

Who is joining me? No one, partner, family, friends, coworkers, 

acquaintances, strangers
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3. Results

3.1. General baseline characteristics

Thirty-nine participants agreed to start with the PsyMate 
application, of whom three participants eventually withdrew before 
inclusion due to lack of interest, and two participants were not able to 
start with the application due to smartphone-related technical issues 
after the inclusion, and were excluded from further analysis, see 
Figure 2. In total, 34 participants were included to fill in the PsyMate 
application, of which 19 participants suffered from small fiber 
neuropathy, 11 had a spinal cord injury, and four were diagnosed with 
a rheumatoid disorder. The mean age of all participants (n = 34) was 
54.7 ± 13.9 years (range: 23–77), of whom 52.9% were female. Twenty 
participants did not have paid work, of whom five participants were 
retired. Twenty-nine participants completed college and had at least a 
college degree. Regarding intoxication: 64.7% used alcohol (38.2% 
1–3 units/week, 14.7% 4–7 units/week, 5.9% 8–14 units/week, and 
5.9% >21 units/week), 8.8% used drugs [CBD with THC (n = 2), and 
XTC (n = 1)], and 13.9% used tobacco.

3.2. Acceptability and usability of ESM

In total, 19 participants (of 34 participants) completed the general 
and user-friendliness evaluation at the end of their study participation. 
Therefore, the outcome of these 19 participants was analyzed. The 
findings were summarized, see Table 2 and Figures 3A–C. Most of the 
participants reported the study-period week to be a normal week 
(mean 4.95, SD 1.87). Participants indicated that the answers they 
could choose included a good representation of their experiences 
(mean 4.58, SD 1.77). PsyMate did not influence their social contacts 

(mean 1.47, SD 1.12), their activities (mean 1.74, SD 1.44), and their 
mood (mean 1.89, SD 1.59).

3.3. Feasibility characteristics

Of the maximum total of 2,380 beep signals that could 
be gathered (70 per participant, with a total of 34 participants), 

FIGURE 2

Inclusion flowchart of the study. In total 39 participants agreed to 
participate, of whom 3 withdrew due to lack of interest and 2 were 
not able to use the application due to smartphone-related technical 
issues. In total, 34 participants were included.

TABLE 2 General and user-friendliness evaluation of PsyMate application 
(N  =  19).

General and user-
friendliness evaluation

Scores (1  =  not at all, 
7  =  very much)

General evaluation of PsyMate application, mean (SD; range)

Was this a normal week? 4.95 (1.87; 1–7)

Where there any special events this week? 3.32 (2.11; 1–7)

Were the questions a good representation 

of your experiences?

4.58 (1.77; 1–7)

Did the PsyMate influence your social 

contacts?

1.47 (1.12; 1–5)

Did the PsyMate influence your activities? 1.74 (1.44; 1–6)

Did the PsyMate influence your mood? 1.89 (1.59; 1–6)

Did the PsyMate hinder activities? 1.68 (1.60; 1–7)

Did you made mistakes answering the 

questions?

2.42 (0.90; 1–5)

Overall satisfaction score 5.06 (1.47; 2–7)

Evaluation of user-friendliness of Psymate application, mean 

(SD; range), % (n)

Where the questions unclear or difficult? 2.68 (1.86; 1–6)

Where you able to read the text ton the 

screen well?

6.16 (1.46; 1–7)

Did you have any problems using the 

PsyMate application?

1.68 (1.60; 1–7)

Did you experience the use of the PsyMate 

burdensome with regard to the duration 

filling in of the questions?

2.42 (2.09; 1–7)

Did you experience the use of the PsyMate 

burdensome with regard to the sound?

2.16 (1.64; 1–6)

Did you experience the use of the PsyMate 

burdensome with regard to the number of 

the beep signals?

3.11 (2.08; 1–7)

Did you experience the use of the PsyMate 

burdensome with regard to carrying the 

smartphone the whole day?

3.11 (2.23; 1–7)

Did you experience technical issues?

  Yes 36.8% (7)

  No 63.2%

Did these technical issues resolve?

  Yes 4.3% (1)

  No, it took more than 1 day 4.3% (1)

  Unsolved 73.9% (5)
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1,058 responses were collected, indicating a response rate of 
44.5% (compliance). The missing rate per person varied  
from 13% to 97% with a median of 54.1%. The number of missing 
beep signals varied between 9–69, with a median of 39.8  
missing beep numbers per participant. The baseline 

characteristics of these participants were included in the analysis. 
The average response time of all participants (who filled in ESM) 
was 87.48 ± 56.49 s. No differences were found in the  
response rates between the different secondary chronic 
pain disorders.

FIGURE 3

General and user-friendliness evaluation of PsyMate application. (A-C) The mean scores of the general and user-friendliness evaluation have been 
illustrated in a graphical design. All questions could be answered on a 7-Likert scale, only one question (overall score) could be answered on a 
11-Likert-scale.

FIGURE 4

Overview of the percentage of completed beeps in a day.
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3.4. Missing value analysis

The earliest and the latest daily beep signals were completed less 
frequently, 6.9% and 9.4% respectively, see Figure 4. We performed a 
binary logistic regression analysis in order to study whether a low 
response rate could be predicted; however, the analysis did not reveal 
any association [p-value >0.998, 95% CI (0.00–0.00)]. It appeared that 
the missing values were completely at random for each participant.

4. Discussion

In this study, we  investigated the acceptability, usability, and 
feasibility, of ESM in 34 participants with chronic secondary 
neuropathic musculoskeletal pain syndromes. The overall response 
rate was 44.5%, with a range between 13% to 97%. Measuring 
acceptability and usability of revealed favorable outcomes for ESM.

In earlier ESM studies in participants with a psychiatric diagnosis 
or a primary chronic pain syndrome, the response rate (compliance) 
was reported to be between 71.1% and 86% (22, 32, 35). We found a 
response rate of 44.5%, which is above our pre-set minimum of 33% 
(39), but remarkably lower than the abovementioned samples. Several 
factors can be  related to this difference: We  will divide this into 
participant- or application-related issues. Participant-related issues 
will first be discussed. Both, a younger or older age, could result in 
(more) missing values. Younger participants are mostly carefree with 
less responsibility, and an increasing missing data over participation 
time (33–35). On the contrary, an older age could be accompanied by 
(more) technological difficulties, when compared with a younger age 
(42). In our data, the age range was 23–77 (mean 54.7 ± 13.9 years). 
Nonetheless, within our group of participants, we did not find any 
age-related association. Another explanation could be gender. It has 
been reported that missing rates are much higher in male participants 
(34). Forty-seven percent of our participants are males, but no 
association between the number of missing rates and male gender 
could be identified. Neither for the association between the missing 
rate and substance abuse (tobacco, alcohol, and drugs), negative affect, 
and educational level [p-value >0.998, 95% CI (0.00–0.00)] (22, 35, 
43–45). Moreover, no differences were found between the three 
different secondary chronic pain disorders. We can cautiously indicate 
that participant-related factors probably did not influence the amount 
of missing data and completion rates.

As previously mentioned, application-related factors could also 
have contributed to missing data. Although, the number of 10 beep 
signals per day was reported to be feasible enough (29), however, why 
do we observe a low completion rate when compared to earlier ESM 
research? Only 44.5% of all questions and statements were filled in 
(1058/2520). This means that per participant, an average of 31 of the 
totals of 70 beep signals (10 beep signals per day for 7 days) were 
completed. Could ESM create an intrusive threshold? A high number 
of beep signals could create an intrusive threshold, resulting in a 
burden. The results of the general and user-friendliness evaluation 
reported however less interference when compared to scores when 
compared to other literature (32). Participants reported not 
experiencing any difficulties with the management of the application 
or reading the questions and statements on the smartphone. It thus 
seemed that filling in the ESM application was acceptable and usable. 
Another possible explanation could be technological difficulties. Only 

7 participants experienced technical issues, mostly related to the 
operating system of their smartphones. Some operating systems 
hinder the signals of certain applications to maintain a longer-lasting 
battery level. For 5 participants, the issues could not be solved during 
and after the participation period. Solving technical problems was 
problematic due to the use of telephone contact and the distance 
between the participants and the research team. Therefore, if a 
participant experienced a technical problem, there is a great chance 
that the problems will remain unsolved. Overall, these results are 
indicating a favorable general and user-friendliness evaluation, that 
ESM might be  feasible for patients with a secondary chronic 
pain syndrome.

Missing values might be missing (completely) at random and 
missing not at random (38, 40). To study the reasons for missingness, 
a binary logistic regression analysis was performed, but no pattern 
could be detected in the missing data. As a result of this analysis, 
we may conclude that our missing values are missing at random (40). 
However, we also observed that the earliest and the latest beep signals 
were the least filled in, 6.95% and 9.49% respectively, see Figure 4. The 
beep signals were planned according to a time-contingent, daily 
random scheme. A time window varying from 15 to 90 min was 
planned between each beep signal. Nonetheless, the first beep was 
between 7.30 AM and 9.00 AM, and the last beep (number 10) was 
between 9.00 PM and 10.30 PM, see also Figure 1. This finding could 
indicate that there are differences in biological wake-sleep rhythm 
among chronic pain participants, independently of work state (46). 
This may have implications for future studies in which ESM beep 
schemes will be used in chronic pain participants. Our results imply 
that this wake–sleep rhythm needs to be taken into account, e.g., the 
first beep a little later on the day, 8.30 AM–9.00 AM instead of 
7.30 AM–9.00 AM.

There are some strengths and limitations accompanying this study. 
First, we will discuss the strengths. This is the first study investigating 
the acceptability, usability, and feasibility of ESM in secondary chronic 
pain syndromes. Moreover, our results are indicating that ESM could 
safely be used in secondary chronic pain syndromes. Regarding ESM 
itself, ESM seems to be less time-consuming. The response time on 
each beep signal was on average 87 s. In addition, participants reported 
not experiencing any difficulties related to ESM, indicating that ESM 
is easily manageable. Moreover, participants mentioned that ESM did 
not affect their mood, daily activities, and social contacts. It seems that 
participants are not adapting their daily and social activities to the use 
of ESM. A couple of limitations will also be discussed. Although, more 
than 7/10 beep signals were reported to be feasible (29), however, a low 
response rate is present in our data. Questions in an electronic diary 
should be brief. In our opinion, reducing the amount of beep signals 
could be more feasible, probably resulting in a higher response rate. 
However, crucial information about what happens between beep 
signals will be lost. As next, only 19 of the included 34 participants 
filled in the acceptability and usability questionnaire. This could 
indicate that a certain group of participants were motivated and 
probably experienced less problems with ESM, creating a selection bias 
among participants itself. Sending all participants, a paper version of 
the acceptability and usability questionnaire, could be a future solution 
to avoid a number of missing questionnaires and data. As last, another 
solution could be to solve technical issues faster, which is discussed 
earlier, such as solving technical issues physically rather than at a 
distance, or to offering a chatbot.
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In conclusion, ESM is a promising measurement tool to help patients 
and healthcare professionals to gain more insight into daily fluctuations 
of pain and possible associations with pain-related thoughts, emotions, 
activities, and environmental factors for primary and secondary chronic 
pain syndromes, by offering visualizations of the complex disease-related 
dynamics for patients and healthcare professionals. Measuring the 
acceptability and usability revealed favorable and encouraging outcomes, 
with generally satisfied participants.

Data availability statement

The raw data supporting the conclusions of this article will 
be made available by the authors, without undue reservation.

Ethics statement

The studies involving human participants were reviewed and 
approved by Medical Ethical Committee of Zuyderland Medical 
Center (METCZ20210022). The patients/participants provided their 
written informed consent to participate in this study.

Author contributions

AK and JV contributed to conception and design of the study. AD, 
JH, MH, AK, CF, and JV wrote the first draft and sections of the 
manuscript. AD organized the database and performed the statistical 

analysis. All authors contributed to the article and approved the 
submitted version.

Funding

The present study was funded by the Prinses Beatrix Spierfonds 
[grant number W.OK17-09].

Acknowledgments

We would like to thank all participants.

Conflict of interest

The authors declare that the research was conducted in the 
absence of any commercial or financial relationships that could 
be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the authors and 
do not necessarily represent those of their affiliated organizations, or those 
of the publisher, the editors and the reviewers. Any product that may be 
evaluated in this article, or claim that may be made by its manufacturer, 
is not guaranteed or endorsed by the publisher.

References
 1. Treede RD, Rief W, Barke A, Aziz Q, Bennett MI, Benoliel R, et al. Chronic pain as 

a symptom or a disease: the IASP classification of chronic pain for the international 
classification of diseases (ICD-11). Pain. (2019) 160:19–27. doi: 10.1097/j.
pain.0000000000001384

 2. Yong RJ, Mullins PM, Bhattacharyya N. Prevalence of chronic pain among adults 
in the United States. Pain. (2022) 163:e328–32. doi: 10.1097/j.pain.0000000000002291

 3. Reid KJ, Harker J, Bala MM, Truyers C, Kellen E, Bekkering GE, et al. Epidemiology of 
chronic non-cancer pain in Europe: narrative review of prevalence, pain treatments and pain 
impact. Curr Med Res Opin. (2011) 27:449–62. doi: 10.1185/03007995.2010.545813

 4. de Jong JR, Vlaeyen JW, de Gelder JM, Patijn J. Pain-related fear, perceived 
harmfulness of activities, and functional limitations in complex regional pain syndrome 
type I. J Pain. (2011) 12:1209–18. doi: 10.1016/j.jpain.2011.06.010

 5. Leeuw M, Goossens ME, Linton SJ, Crombez G, Boersma K, Vlaeyen JW. The fear-
avoidance model of musculoskeletal pain: current state of scientific evidence. J Behav 
Med. (2007) 30:77–94. doi: 10.1007/s10865-006-9085-0

 6. Katchamart W, Narongroeknawin P, Chanapai W, Thaweeratthakul P. Health-
related quality of life in patients with rheumatoid arthritis. BMC Rheumatol. (2019) 3:34. 
doi: 10.1186/s41927-019-0080-9

 7. Ataoglu E, Tiftik T, Kara M, Tunc H, Ersoz M, Akkus S. Effects of chronic pain on 
quality of life and depression in patients with spinal cord injury. Spinal Cord. (2013) 
51:23–6. doi: 10.1038/sc.2012.51

 8. Bakkers MFC, Hoeijmakers JGJ, Lauria G, Merkies ISJ. Small fibers, large impact: 
quality of life in small-fiber neuropathy. Muscle Nerve. (2014) 49:329–36. doi: 10.1002/
mus.23910

 9. Villa M, Palsson T, Royo A, Bjarkam C, Boudreau S. Digital pain mapping and 
tracking in patients with chronic pain: longitudinal study. J Med Internet Res. (2020) 
22:e21475. doi: 10.2196/21475

 10. Sorbi MJ, Peters ML, Kruise DA, Maas CJ, Kerssens JJ, Verhaak PF, et al. Electronic 
momentary assessment in chronic pain II: pain and psychological pain responses as predictors 
of pain disability. Clin J Pain. (2006) 22:67–81. doi: 10.1097/01.ajp.0000148625.84874.48

 11. Page MG, Gauvin L, Sylvestre MP, Nitulescu R, Dyachenko A, Choiniere M. An 
ecological momentary assessment study of pain intensity variability: ascertaining extent, 

predictors, and associations with quality of life, interference and health care utilization 
among individuals living with chronic low Back pain. J Pain. (2022) 23:1151–66. doi: 
10.1016/j.jpain.2022.01.001

 12. Sharpe L. Psychosocial management of chronic pain in patients with 
rheumatoid arthritis: challenges and solutions. J Pain Res. (2016) 9:137–46. doi: 
10.2147/JPR.S83653

 13. Budd MA, Gater DR Jr, Channell I. Psychosocial consequences of spinal cord 
injury: a narrative review. J Pers Med. (2022) 12:1178. doi: 10.3390/jpm12071178

 14. Sorbi MJ, Peters ML, Kruise DA, Maas CJ, Kerssens JJ, Verhaak PF, et al. Electronic 
momentary assessment in chronic pain I: psychological pain responses as predictors of 
pain intensity. Clin J Pain. (2006) 22:55–66. doi: 10.1097/01.ajp.0000148624.46756.fa

 15. Smyth J, Stone A. Ecological momentary assessment research in behavioral 
medicine. J Happiness Stud. (2003) 4:35–52. doi: 10.1023/A:1023657221954

 16. Myin-Germeys I, Oorschot M, Collip D, Lataster J, Delespaul P, van Os J. 
Experience sampling research in psychopathology: opening the black box of daily life. 
Psychol Med. (2009) 39:1533–47. doi: 10.1017/S0033291708004947

 17. Gendreau M, Hufford MR, Stone AA. Measuring clinical pain in chronic 
widespread pain: selected methodological issues. Best Pract Res Clin Rheumatol. (2003) 
17:575–92. doi: 10.1016/s1521-6942(03)00031-7

 18. Geenen R, Overman CL, Christensen R, Asenlof P, Capela S, Huisinga KL, et al. 
Eular recommendations for the health professional’s approach to pain management in 
inflammatory arthritis and osteoarthritis. Ann Rheum Dis. (2018) 77:797–807. doi: 
10.1136/annrheumdis-2017-212662

 19. Widerstrom-Noga E, Anderson KD, Perez S, Martinez-Arizala A, Calle-Coule L, 
Fleming L. Barriers and facilitators to optimal neuropathic pain management: SCI 
consumer, significant other, and health care provider perspectives. Pain Med. (2020) 
21:2913–24. doi: 10.1093/pm/pnaa058

 20. Vendrig AA, Lousberg R. Within-person relationships among pain intensity, mood 
and physical activity in chronic pain: a naturalistic approach. Pain. (1997) 73:71–6. doi: 
10.1016/s0304-3959(97)00075-4

 21. Marshall G. The purpose, design and administration of a questionnaire for data 
collection. Radiography. (2005) 11:131–6. doi: 10.1016/j.radi.2004.09.002

https://doi.org/10.3389/fneur.2023.1219236
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://doi.org/10.1097/j.pain.0000000000001384
https://doi.org/10.1097/j.pain.0000000000001384
https://doi.org/10.1097/j.pain.0000000000002291
https://doi.org/10.1185/03007995.2010.545813
https://doi.org/10.1016/j.jpain.2011.06.010
https://doi.org/10.1007/s10865-006-9085-0
https://doi.org/10.1186/s41927-019-0080-9
https://doi.org/10.1038/sc.2012.51
https://doi.org/10.1002/mus.23910
https://doi.org/10.1002/mus.23910
https://doi.org/10.2196/21475
https://doi.org/10.1097/01.ajp.0000148625.84874.48
https://doi.org/10.1016/j.jpain.2022.01.001
https://doi.org/10.2147/JPR.S83653
https://doi.org/10.3390/jpm12071178
https://doi.org/10.1097/01.ajp.0000148624.46756.fa
https://doi.org/10.1023/A:1023657221954
https://doi.org/10.1017/S0033291708004947
https://doi.org/10.1016/s1521-6942(03)00031-7
https://doi.org/10.1136/annrheumdis-2017-212662
https://doi.org/10.1093/pm/pnaa058
https://doi.org/10.1016/s0304-3959(97)00075-4
https://doi.org/10.1016/j.radi.2004.09.002


Damci et al. 10.3389/fneur.2023.1219236

Frontiers in Neurology 08 frontiersin.org

 22. May M, Junghaenel DU, Ono M, Stone AA, Schneider S. Ecological momentary 
assessment methodology in chronic pain research: a systematic review. J Pain. (2018) 
19:699–716. doi: 10.1016/j.jpain.2018.01.006

 23. Stone AA, Broderick JE. Real-time data collection for pain: appraisal and current 
status. Pain Med. (2007) 8:S85–93. doi: 10.1111/j.1526-4637.2007.00372.x

 24. Fredrickson BL. Extracting meaning from past affective experiences: the 
importance of peaks, ends, and specific emotions. Cognit Emot. (2000) 14:577–606. doi: 
10.1080/026999300402808

 25. Stone AA, Broderick JE, Schwartz JE, Shiffman S, Litcher-Kelly L, Calvanese 
P. Intensive momentary reporting of pain with an electronic diary: reactivity, 
compliance, and patient satisfaction. Pain. (2003) 104:343–51. doi: 10.1016/
s0304-3959(03)00040-x

 26. Feine JS, Lavigne GJ, Dao TTT, Morin C, Lund JP. Memories of chronic pain 
and perceptions of relief. Pain. (1998) 77:137–41. doi: 10.1016/
S0304-3959(98)00089-X

 27. Smith WB, Safer MA. Effects of present pain level on recall of chronic pain and 
medication use. Pain. (1993) 55:355–61. doi: 10.1016/0304-3959(93)90011-D

 28. Vlaeyen JW, Linton SJ. Fear-avoidance and its consequences in chronic musculoskeletal 
pain: a state of the art. Pain. (2000) 85:317–32. doi: 10.1016/S0304-3959(99)00242-0

 29. Myin-Germeys I, Kasanova Z, Vaessen T, Vachon H, Kirtley O, Viechtbauer W, 
et al. Experience sampling methodology in mental health research: new insights and 
technical developments. World Psychiatry. (2018) 17:123–32. doi: 10.1002/wps.20513

 30. Verhagen S, Hasmi L, Drukker M, van Os J, Delespaul A. Use of experience 
sampling method in the context of clinical trails. Evid Based Ment Health. (2016) 
19:86–9. doi: 10.1136/ebmental-2016-102418

 31. Rintala A, Wampers M, Myin-Germeys I, Viechtbauer W. Momentary predictors 
of compliance in studies using the experience sampling method. Psychiatry Res. (2020) 
286:112896. doi: 10.1016/j.psychres.2020.112896

 32. Lenaert B, Colombi M, van Heugten C, Rasquin S, Kasanova Z, Ponds R. Exploring 
the feasibility and usability of the experience sampling method to examine the daily lives 
of patients with acquired brain injury. Neuropsychol Rehabil. (2019) 29:754–66. doi: 
10.1080/09602011.2017.1330214

 33. Aaron LA, Mancl L, Turner JA, Sawchuk CN, Klein KM. Reasons for missing 
interviews in the daily electronic assessment of pain, mood, and stress. Pain. (2004) 
109:389–98. doi: 10.1016/j.pain.2004.02.014

 34. Okifuji A, Bradshaw DH, Donaldson GW, Turkt DC. Sequential analyses of daily 
symptoms in women with fibromyalgia syndrome. J Pain. (2011) 12:84–93. doi: 
10.1016/j.jpain.2010.05.003

 35. Ono M, Schneider S, Junghaenel DU, Stone A. What affects the completion of 
ecological momentary assessments in chronic pain research? An individual patient data 
meta-analysis. J Med Internet Res. (2019) 21:e11398. doi: 10.2196/11398

 36. Graham JW, Donaldson SI. Evaluating interventions with differential attrition: the 
importance of nonresponse mechanisms and use of follow-up data. J Appl Psychol. 
(1993) 78:119–28. doi: 10.1037/0021-9010.78.1.119

 37. Myin-Germeys I, Kuppens P. The open handbook of experience sampling 
methodology. Leuven, REAL (2022).

 38. Stone AA, Shiffman S. Capturing momentary, self-report data: a proposal for reporting 
guidelines. Ann Behav Med. (2002) 24:236–43. doi: 10.1207/S15324796abm2403_09

 39. Delespaul P. Assessing schizophrenia in daily life. Maastricht, The Netherlands: 
Maastricht University (1995).

 40. Hedeker D, Mermelstein RJ, Demirtas H. Analysis of binary outcomes with missing 
data: missing = smoking, last observation carried forward, and a little multiple imputation. 
Addiction. (2007) 102:1564–73. doi: 10.1111/j.1360-0443.2007.01946.x

 41. Bolger N, Laurenceau J-P. Intensive longitudinal methods: an introduction to diary 
and experience sampling research. New York, NY: Guilford Press (2013). 256 p.

 42. Cain AE, Depp CA, Jeste DV. Ecological momentary assessment in aging research: a 
critical review. J Psychiatr Res. (2009) 43:987–96. doi: 10.1016/j.jpsychires.2009.01.014

 43. Courvoisier DS, Eid M, Lischetzke T. Compliance to a cell phone-based ecological 
momentary assessment study: the effect of time and personality characteristics. Psychol 
Assess. (2012) 24:713–20. doi: 10.1037/a0026733

 44. Silvia PJ, Kwapil TR, Eddington KM, Brown LH. Missed beeps and missing data: 
dispositional and situational predictors and situational predictors of nonresponse in 
experience sampling research. Soc Sci Comput Rev. (2013) 31:471–81. doi: 
10.1177/0894439313479902

 45. McLean DC, Nakamura J, Csikszentmihalyi M. Explaining system missing: 
missing data and experience sampling method. Soc Psychol Personal Sci. (2017) 
8:434–41. doi: 10.1177/1948550617708015

 46. Menefee LA, Cohen MJ, Anderson WR, Doghramji K, Frank ED, Lee H. Sleep 
disturbance and nonmalignant chronic pain: a comprehensive review of the literature. 
Pain Med. (2000) 1:156–72. doi: 10.1046/j.1526-4637.2000.00022.x

https://doi.org/10.3389/fneur.2023.1219236
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://doi.org/10.1016/j.jpain.2018.01.006
https://doi.org/10.1111/j.1526-4637.2007.00372.x
https://doi.org/10.1080/026999300402808
https://doi.org/10.1016/s0304-3959(03)00040-x
https://doi.org/10.1016/s0304-3959(03)00040-x
https://doi.org/10.1016/S0304-3959(98)00089-X
https://doi.org/10.1016/S0304-3959(98)00089-X
https://doi.org/10.1016/0304-3959(93)90011-D
https://doi.org/10.1016/S0304-3959(99)00242-0
https://doi.org/10.1002/wps.20513
https://doi.org/10.1136/ebmental-2016-102418
https://doi.org/10.1016/j.psychres.2020.112896
https://doi.org/10.1080/09602011.2017.1330214
https://doi.org/10.1016/j.pain.2004.02.014
https://doi.org/10.1016/j.jpain.2010.05.003
https://doi.org/10.2196/11398
https://doi.org/10.1037/0021-9010.78.1.119
https://doi.org/10.1207/S15324796abm2403_09
https://doi.org/10.1111/j.1360-0443.2007.01946.x
https://doi.org/10.1016/j.jpsychires.2009.01.014
https://doi.org/10.1037/a0026733
https://doi.org/10.1177/0894439313479902
https://doi.org/10.1177/1948550617708015
https://doi.org/10.1046/j.1526-4637.2000.00022.x

	Acceptability, usability and feasibility of experienced sampling method in chronic secondary pain syndromes
	1. Introduction
	2. Methods
	2.1. Design
	2.2. Device
	2.3. Procedure
	2.4. Statistical analysis
	2.5. Acceptability and usability analysis
	2.6. Feasibility analysis

	3. Results
	3.1. General baseline characteristics
	3.2. Acceptability and usability of ESM
	3.3. Feasibility characteristics
	3.4. Missing value analysis

	4. Discussion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Conflict of interest
	Publisher’s note

	References

