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Abstract

:

Chronic pain in youth has an unsung etiology and limited treatment options. Affected adolescents show difficulties in different functioning domains, and their parents can develop associated distress, which negatively influences the adolescent’s capacity to adjust to pain. The aims of this study are the following: (1) to develop an internet-delivered (online) pain intervention (SMART4Pain) program for adolescents and their parents, and to test its feasibility and acceptability; (2) to evaluate, in adolescents, the impact of the face-to-face, randomized, two-armed (i.e., CBT or biofeedback), open-label pilot study, developed together with the online program. The overall program consisted of six sessions scheduled over six weeks. Twenty adolescents (N = 20) and their parents (N = 20) completed the entire program and are included in this study. The results showed that all interventions were feasible and acceptable, as well as potentially effective in improving quality of life. Only the group receiving the biofeedback intervention showed some improvements in psychological indicators of stress. In conclusion, more research is needed to better understand and develop new, multimodal rehabilitation programs in outpatient settings.
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1. Introduction


Even though the exact extent of recurrent and chronic pain epidemiology in youth remains uncertain, one out of four minors are estimated to experience persistent or recurrent pain, or pain lasting longer than three months [1,2,3]. More evident in the scientific literature is that pain causes impaired functioning across a variety of domains, including physical, psychological, social, and developmental functioning, with severe consequences in everyday life and activities [1,4,5]. Pain is associated with an increased risk of anxiety [6,7,8], depression [9,10,11], school absences [12,13], social isolation, feelings of being misunderstood by healthy peers [14,15,16], sleeping issues with consequent fatigue [17], and overall poor quality of life [18,19,20]. Furthermore, chronic pain in youth is associated with a lifelong history of internalized mental health disorders reported in adulthood [21]. In this context, it is important to recall, from a long-term perspective, that medications used to alleviate pain and stress might prevent one from learning healthier ways of managing pain [22,23].



Unfortunately, only those suffering from severe levels of pain with a significant impact on daily functioning (3–5%) receive intense or sub-intensive rehabilitation treatments [24]. In terms of pain treatment in youth, the best recommendations are to privilege multi- and inter-disciplinary rehabilitation approaches [25]. More particularly, the world largest evidence base for chronic pain management in children recommends the use of psychological therapies, followed by pharmacological and physical therapies [26]; however, surprisingly, in reality, patients in pain usually have access to mainly physical therapy and medication treatments, and little–no access to psychological services, which is an aspect that multidisciplinary approaches should include [27].



Two recent Cochrane reviews are helpful for better understanding the quality of the results of psychoeducational treatments targeting youth. In their review, Fisher and colleagues [28] found that psychological treatments, delivered face-to-face, among children and adolescents (such as relaxation, hypnosis, coping skills training, biofeedback, and cognitive–behavioral therapy) are effective in reducing the intensity of chronic headache pain, recurrent abdominal pain, fibromyalgia, and sickle cell disease. In another review, Fisher and colleagues [29] found positive and satisfactory results for therapies delivered remotely (e.g., internet- and computer-based programs or smartphone applications). Despite encouraging results, the authors call for caution to be taken in interpreting these results, as the quality of the evidence is low or very low.



Pain conditions not only severely affect the life of the concerned individual, but also have spillover effects on the life of their close family members (parents, brothers, or sisters) in terms of decreased family functioning, increased stress and self-blame, and overall decreased quality of life [30,31]—compared with those families without children suffering from chronic pain [32,33,34]. This can, in turn, increase the risk of developing maladaptive behavioral responses to pain, and can play a role on the child’s pain-related disability and adjustment [35]. Lastly, it seems to have an impact on the child’s perception of pain [36].



Thus, as pointed out in the recent meta-analysis performed by Donnelly and colleagues [37], it seems important to promote changes in parenting behaviors in order to improve functional parent–child relationships and to help the child deal with chronic pain better.



Psychological therapies that can help with improving parenting behavior and reduce parent distress include problem-solving therapy (PST), cognitive–behavioral therapy (CBT), and problem-solving skills training (PSST) [38,39,40,41].



Some of these types of intervention (targeting the adolescent alone or both the adolescent and their parents) are offered face-to-face and are well implemented in the United States [42], Australia [43], the UK [44], and Germany [45].



Based on these considerations, we designed an intervention that simultaneously engages parents and adolescents, and that is offered both online (with the aim of providing flexibility, standardized information, and prompt communication with the patient and family) and face-to-face. Thus far, such an intervention has never been designed or offered in Italy. The specific aims of the present study are as follows: (1) to develop and test the feasibility and the acceptability of the SMART4Pain program; (2) to evaluate the impact of the face-to-face, randomized, two-armed, open-label pilot study, developed together with the online program.



The SMART4Pain program is an internet-delivered pain intervention, primarily based on rational–emotive education (REE)—a type of CBT designed from an educational perspective—for adolescents, and primarily based on problem-solving skills training (PSST) for their parents. These two transversal forms of skills for adolescents and parents, delivered in an online mode, are intended to provide them with a valuable background of knowledge and skills that they can draw on at any time of day, unencumbered by commitments; moreover, above all, it allows an optimization of time, without travel to the hospital.



Comparing two well-known in-person treatments (CBT and biofeedback) will help to better understand how they differ, with respect of several outcomes. For example, while knowledge transfer from educational sources is probably linear within the psychotherapy context, the same may not be so true in the psychophysiological aspects related to stress. Moreover, the comparison of the two interventions may also better help to identify those underlying predisposing elements that could more effectively indicate which treatment works better for whom.



We hypothesized that both adolescents and parents participating in the study would report clinical improvements.




2. Experimental Section


2.1. Participants


The study sample includes 20 chronic pain parent–adolescent dyads. Participants were recruited during a 2 year period via their physician or psychologist, enrolled at the General Pediatric Unit, the Child Neurology Unit, the Department of Rheumatology, and the Clinical Psychological Unit in San Maurizio Regional Hospital of Bolzano (Italy).



Ethical approval was obtained from the Ethics Committee of Regional Hospital of Bolzano (n° 94-2017), by the University of Trento Human Subjects Research Committee (n° 2017-031). The study was conducted in accordance with ethical standards as laid down in the Declaration of Helsinki and its later amendments.



Inclusion criteria for participating in the study were as follows: (1) being an adolescent aged 11–18 years suffering from idiopathic chronic pain (defined as pain present for at least 3 months); (2) having at least one living parent (mother or father) willing to participate in the study; (3) having access to a web-enabled device (e.g., laptop, computer, tablet, or smartphone). Exclusion criteria were as follows: (1) having significant impairments in speaking or comprehension, or both; (2) having a cognitive impairment or an intellectual disability; (3) having an organic disease (such as cancer, diabetes, or cardiac diagnosis, etc.).




2.2. Study Flow


A total of 27 adolescents and their parents were contacted for eligibility, and 7 potential participant dyads were excluded, based on inclusion criteria. More specifically, 1 did not meet inclusion criteria due to presence of a chronic health condition; 3 families refused to participate due to lack of time or interest; and 3 families were unable to complete the treatment (for the reason of lacking time, either from the perspective of the adolescent or the parent, or both).



The final sample that completed the entire program, with all the primary outcome measures, consisted of 20 participants, randomly assigned to the cognitive–behavioral therapy (CBT) treatment (n = 10) or the biofeedback (BF) treatment (n = 10). Both treatment groups continued to receive their usual medical care during the whole duration of the program.




2.3. Procedures


We conducted an open-label, two-armed pilot study to test the feasibility and acceptability of a 6 week, non-intensive rehabilitation program called SMART4Pain, dedicated to adolescents with chronic pain and their parents. Assessments were conducted at pre-intervention and post-intervention (see Figure 1). Given both the researchers and participants knew which treatment would be administered, the two intervention groups (i.e., CBT and BF) were randomized before the enrollment of participants (with a 1:1 ratio), via random allocation software version 1.0 [46].



The program was divided into an online part (equal for everyone), and a face-to-face intervention part (different for each group). The online part for adolescents consisted of different content, primarily based on rational–emotive education (REE)—a positive, preventive, and interventionist psychological educational program, teaching rational critical thinking skills and effective problem-solving methods [47]. REE is based on both Bandura’s social-learning theory (self-efficacy) and Beck’s cognitive therapy (belief restructuring) [47,48,49]. The online part for the parents had different content, based on problem-solving skills training (PSST) [50,51]. Both these online materials were adapted specifically to chronic pain conditions. Figure 2 and Figure 3 summarize the online content of the SMART4Pain program for adolescents and their parents. The face-to-face part was delivered to the parents, targeting their needs, and to the 2 groups of treatment for adolescents as follows: A—different CBT skills applied to their needs; B—biofeedback treatment. The structure of the whole SMART4Pain program is shown in Figure 4.



To implement the online part of the program, six modules, based on a psychoeducational perspective, were used. These modules provided weekly, home-based parent–adolescent activities for both the parents and the adolescents, focusing on behavior changes, problem solving approaches, enhanced functional abilities, and further training and resources for coping with pain, as well as improving social support. Alongside the online modules, the adolescents and the parents had free access to dedicated chat rooms or forums, which were moderated by the program therapists.



Concerning the face-to-face intervention part of the program, adolescents were informed which group they would be in (i.e., biofeedback or CBT) after completing the pre-treatment assessment. The difference between the two intervention groups was the type of therapy the adolescent received.



In group A, the cognitive–behavioral therapy (CBT) skills and tools were adapted to the needs and problems experienced by the adolescent, by goal setting, thought restructuring, diaphragmatic breathing, guided imagery, planning motivation activities, and social or peer support.



In group B, the central point was to help participants deal with the stress, using a biofeedback device with software and different sensors that teach adolescents how to have better body control and how to decrease anxiety (e.g., how to monitor the heart rate rhythm or breathing patterns (or both) and to modulate muscle tension, etc.).



All parents received a tailored intervention face-to-face, specifically targeting their own adolescent’s characteristics, primarily based on a version of problem-solving skills training (PSST), adapted for chronic pain conditions [40,41]. This approach is based on the social problem-solving model, with specific activity pacing for returning to function [50], as well as teaching a structured approach to solving problems.



The face-to-face phase for the adolescent and one of his or her parents consisted of 6 sessions (1 h, once a week for each of them), scheduled over 6 weeks. In few cases (n = 5), the participants postponed one or more appointment, making the duration of the intervention increase to 8 weeks. During the same session, one therapist worked with the adolescent and another worked with parent to improve time scheduling.




2.4. Outcome Measures


2.4.1. Feasibility


The feasibility of the program was assessed using four metrics, as follows: (1) the study recruitment or enrollment statistics; (2) the treatment adherence, as assessed by the number of online modules that were completed by adolescents and their parents and the number of rescheduled face-to-face treatment sessions; (3) the percentage of use of online modules instead of other modalities (e.g., a request to send material by email or printing it); (4) the use of the online chat forum function.




2.4.2. Treatment Acceptability and Satisfaction


At the end of the program, parents completed a version of the nine-item Treatment Evaluation Inventory—Short Form (TEI-SF), adapted for chronic pain conditions [51], to assess acceptability and satisfaction, which focused on parents’ experience with the entire program [52]. Response options range from 1 (strongly disagree) to 5 (strongly agree). These were summed to create a total score ranging from 9 to 45—a “moderate” satisfaction and acceptability of a given treatment was indicated by a score of 27 or higher [52,53]. Furthermore, parents were asked to evaluate the improvement of the prefixed activities using a 6-point rating scale (0—not at all likely; 6—extremely likely).



Adolescents completed a measure of treatment expectancy and treatment satisfaction by responding to a short questionnaire, where they rated the percentage of attained and improved goals, the level of satisfaction, and the perceived utility of the program. The satisfaction and utility scales were rated on a 10-point Likert scale (0—did not like, 10—extremely liked). In addition, adolescents had the chance to respond to an open question in order to better explain their point of view (i.e., they were invited to tell, in more detail, what they liked and what they disliked).




2.4.3. Pre-Post Treatment Measures


Demographics and Pain Characteristics


As part of the initial semi-structured interview, we collected basic demographic information from parents (e.g., age, gender, and type of primary diagnosis). From adolescents, we collected data on their (a) pain severity (0—no pain; 10—most pain possible); (b) pain frequency (days per week, 0–7); (c) pain duration (3–6 months; > 6 months); (d) pain location (1 site of pain; 2 or more sites of pain).




Parenting Role Stress


Parents completed the 36-item Parenting Stress Index—Short Form [54]. Responses ranged from 0 (strongly agree) to 5 (strongly disagree). Items were combined to create a total stress percentile score, with higher scores reflecting greater parenting role stress. The PSI-SF produces a total stress score, which has a clinical cutoff of 90, as well as 3 subscales (plus 1 for control, for a total of 4 subscales) as follows: Parental Distress, Parent–Child Dysfunctional Interaction, Difficult Child, and Defensive Response. The Defensive Response is a control subscale, which indicates whether the parent is presenting a “minimizing” or “look good” bias to their responses. This tool has been largely used with parents of adolescents with chronic pain, e.g., as discussed in Refs. [40,55].




Pain Diary


A daily diary was used to assess self-reported pain information (presence and intensity of pain, duration of pain, and use of analgesic on demand) during the program period. Pain intensity was assessed using an 11-point numerical rating scale (NRS), with anchors from 0 (no pain) to 10 (worst pain). Pain duration was evaluated by the number of min/h of daily pain. The use of analgesic on demand was identified by the number of medications taken per day.




QUID


The Italian Pain Questionnaire (QUID) [56], is a self-report instrument assessing quality of pain perception, and it is a reconstructed Italian version of the McGill Pain Questionnaire [57]. It represents the most parsimonious, meaningful, and idiomatic set of Italian pain descriptors, providing quantitative information that can be treated statistically. It includes a semantic interval scale consisting of 42 pain descriptors and is divided into four main classes as follows: sensory, affective, evaluative, and mixed. The items are combined to provide a total pain score. It can also be used in developmental age [58].




PedsQL 4.0


The Pediatric Quality of Life Inventory (PedsQL 4.0) [59] is a multidimensional child or adolescent self-report scale (and also parent proxy report used in this study, only to evaluate the congruence with perceptions of their daughter or son) for measuring health-related quality of life (HRQOL). It consists of 23 questions, which cover four domains, as follows: physical, emotional, social, and school functioning, by a 5-point response scale. A domain-specific score is calculated from the corresponding questions, ranging from 0 (worst HRQOL) to 100 (best HRQOL), which can be combined for a total functioning score. Higher scores indicate fewer difficulties—a better health-related quality of life.




TAD


The Adolescent and Childhood Anxiety and Depression Test (TAD) is a questionnaire measuring anxiety and depression in developmental age [60]. The TAD comprises three rating scales, as follows: student, teacher, and parent. For the purpose of this study, we administered only the student and parent rating scales, but in the analysis, we considered only the self-report scale. The TAD is a 22-item questionnaire, which requires responses on a 5-point Likert scale. To compute the scoring, 11 items contribute to the definition of an index of depression, while the remaining 11 furnish an index of anxiety. Both indexes have a mean of 100.




CRI—Coping Responses Inventory


The Coping Response Inventory—Youth Form (CRI-Y) [61] is a 48-item, brief self-report inventory, that measures and assesses the cognitive and behavioral responses that adolescents use to cope with a recent problem or stressful situation, such as pain. The CRI-Y has eight scales covering the areas of Approach Coping Styles (Logical Analysis, Positive Reappraisal, Seeking Guidance and Support, and Problem Solving) and Avoidant Coping Styles (Cognitive Avoidance, Acceptance or Resignation, Seeking Alternative Rewards, and Emotional Discharge). The adolescent is asked to identify his or her responses to a previously identified pain situation indicating how often he or she took the described action to deal with the problem. Responses are on a 4-point rating scale, ranging from never (0) to fairly often (3).





2.4.4. Physiological Measures


For participants receiving the biofeedback face-to-face intervention, physiological data were collected, as follows.



Electrodermal Activity (SCL-GSR)


Skin conductance measurements reflect changes in sweat gland activity, caused by the activity in the sympathetic nervous system of postganglionic cholinergic fibers. This is usually associated with cortical activation of anxious thoughts, worries, and stress. It has been one of the most used parameters in the past, able to reflect emotional changes following conditions of discomfort, such as those caused by anxiety or pain, e.g., as discussed in Refs. [62,63,64].




Muscular Tension (sEMG)


Surface electromyography records the bioelectric activity produced by the muscle when it contracts. The electrical signal, recorded on the surface of the skin (sEMG), is the result of the simultaneous activity of numerous motor units that are under voluntary controlled and, thus, the EMG signal is easily controlled voluntarily. It is a parameter typically used in musculoskeletal pain, e.g., as discussed in Refs. [65,66,67].




Heart Rate Variability (HRV SDNN)


Cardiac variability is an index of a wellbeing characteristic of a physiological system that adapts easily to stressful situations. The two parameters considered in cardiac variability are amplitude (representing quantity) and coherence (representing quality). In this study, we chose to use (in the time domain) the SDNN (msec) parameter—that is, the standard deviation (SD) of the “normal to normal” (NN) intervals. The more SDNN is reduced, the greater the sympathetic prevalence will be. HRV biofeedback allows for the management of imbalances in the autonomic nervous system (ANS) by regulating afferent vagal tones that inhibit the flow of pain signals traveling to the brain, e.g., as discussed in Refs. [68,69,70].




Temperature (TEMP)


Measurement of skin temperature in the peripheral area reflects the blood flow in the vessels under the skin. The change of this parameter is associated with sympathetic activity: it is an indicator of physiological flexibility and health. The change of this indicator contributes to relaxation and stress management by improving blood circulation. It is a useful signal for certain types of headaches and circulation-related disorders, e.g., as discussed in Refs. [71,72].




Respiratory Sinus Arrhythmia (RSA)


Respiratory sinus arrhythmia represents an indicator of how much the heart rate fluctuates during breathing. A low RSA identifies a lower adaptation to physical performance but also reflects on mental performance, hindering the search for the optimal strategy to cope with a given situation. Faced with a pain that has peaks of onset, we tend to hyperventilate; therefore, this parameter is useful to understand how to learn a voluntary control of breathing patterns, e.g., as discussed in Refs. [73,74,75].







3. Results


3.1. Demographic and Pain Characteristics at Baseline


Sample characteristics are shown in Table 1. Participants included 20 adolescents aged 11–18 years (M = 14.73, SD = 1.97) and 20 parents aged 39–54 years (M = 46.97, SD = 4.71). Adolescent participants were primarily female (85%) and were referred to the study for treatment of head pain (55%), musculoskeletal pain (35%), and abdominal pain (10%). The day they started the program, they showed a moderate level of pain (M = 5.85, SD = 1.69). Pain was present, on average, 4 days in a week (M = 4.30, SD = 2.66). The onset of pain was, for the most part, more than 6 months ago (n = 14.70%) and in most cases pain involved two or more sites (n = 13.65%). Parent participants were primarily mothers (90%).




3.2. Feasibility of the Program, Treatment Acceptability, and Satisfaction


Descriptive information about program usage and feasibility is shown in Table 2. Retention rate (participants retained and assessed with valid outcome data) in the study was 74% (20 family on 27 contacted) and all participants completed the 6 modules of the program in a timeframe of 6–8 weeks. More specifically, 5 participants (20%) needed to postpone the clinical appointment one or two times to a subsequent date. About half of the sample (55%) made use of the online modules instead of other modalities. A minority (25%) made use of the chat forum. Participants showed an overall satisfaction and utility of the program, and obtained the primary objectives set. Parents showed a more than moderate satisfaction and acceptability of the program with a mean score of 32.55 reported at the TEI-SF and an improvement of the prefixed activities (M = 4.1, SD = 0.91).




3.3. Pre–Post Treatment Measures


Pain Diary (Intensity, Duration, and Medication Usage)


The Friedman’s ANOVA [76] was used to test for differences in time with respect to pain intensity, pain duration, and use of medication in the sample of adolescents. Pain intensity (X2F(5) = 1.59, p = 0.903, Table 3), pain duration (X2F(5) = 2.15, p = 0.828, Table 4), and use of medications (X2F(5) = 6.07, p = 0.300, Table 5) of participants did not significantly change over time.



Parenting Role Stress


The Wilcoxon’s rank sum test was applied to evaluate changes in parental stress before and after treatment. As shown in Table 6, no significant differences were detected.




QUID


The Wilcoxon’s rank sum test was applied to evaluate changes in pain intensity, comparing baseline and follow-up levels. As shown in Table 7, no significant differences were detected.




PedsQL 4.0


Quality of life scores of adolescents were compared before and after treatment. On average, a better overall quality of life was obtained after treatment (Mdn = 72.25) compared to pre-treatment score (Mdn = 67.25). A Wilcoxon signed rank test indicated that this difference was statistically significant, T = 43.00, z = −2.32, p < 0.05. Some improvement was seen in school functioning domain scores (p < 0.05). See Table 8 for details.




TAD


The Wilcoxon’s rank sum test was applied to evaluate changes in anxiety and depression symptoms, comparing baseline and follow-up levels. As shown in Table 9, no significant differences were detected.




CRI—Coping Responses Inventory


The Wilcoxon’s rank sum test was applied to evaluate changes in the coping responses comparing baseline and follow-up levels. As shown in Table 10, no significant differences were detected.




Physiological Measures


Table 11 reports the results of the Wilcoxon signed rank test performed on pre- and post-treatment measures in adolescents. The heart variability and the respiratory sinus arrhythmia scores significantly improved over time.







4. Discussion


To our knowledge, this is the first study in Italy to examine an educational, psychological–psychophysiological intervention that targets wellbeing improvement in adolescents with chronic pain and their parents in a non-intensive pain rehabilitation setting. The present study described the preliminary findings concerning the participation in a mixed program (online and face-to-face), called SMART4Pain, in order to evaluate its feasibility and acceptability. We investigated also the potential efficacy of this program specifically tailored for the needs of this population.



The results showed that the intervention was feasible and acceptable, as well as potentially efficacious in improving quality of life, consistent with other studies [25,35,39,77]. The adolescents have reported an overall satisfaction and found the treatment to be useful. The majority of parents perceived the treatment as credible, reported a high degree of satisfaction with the entire program, and showed a good improvement of the prefixed activities, which is consistent with other similar study [35,78,79]. They have also showed a good adhesion to scheduled treatment sessions.



Immediately post-program, the data showed that adolescents reported no significant differences in pain characteristics (intensity, duration, quality), in anxiety and depression traits, or coping strategies, and there was no significant changes in parenting distress, unlike other similar studies [38,44,51,80,81]. Surprisingly, no statistically significant changes pre-post treatment were found for the whole program, except in the improvement of adolescents’ quality of life (overall and in the school functioning domain), despite the scientific literature showing the efficacy of self-management (internet) and cognitive-behavioral therapy intervention programs for adolescents with chronic pain and their parents. More specifically, Fisher and colleagues suggest that when both goals match at the beginning of the treatment, a lower intensity of pain can be expected post-treatment and at follow-up [82]. Thus, the focus on rational–emotive education of our pilot study may need to be revisited and improved. While they were in the expected direction of grasping differences between the proposed in-person treatments, the results yielded to no statistical significance. A larger sample size is warranted to draw further conclusions. However, the biofeedback intervention group showed some improvements in psychological indicators of stress, in agreement with some of the literature e.g., [10,71,72].



As a review suggested [83], it seems that biofeedback can be a promising intervention for stress management. In particular, this study is one of the few which has explored the implementation of biofeedback in outpatient contexts and in samples of adolescents with pain associated to various conditions. Furthermore, our protocol adds, to the literature, some reflections about the relationship between psychological outcomes (through our psychoeducational internet-delivered pain intervention) and physiological outcomes of biofeedback. Thus, this intervention could be relevant to adolescents’ lives, since it has the potential to improve self-regulation skills in chronic pain management and to translate these skills to real-world settings [84].



Our study has several limitations that should be taken into account. A first important limitation is that a follow-up is missing. Unfortunately, the clinical context and some restrictions made it impossible to implement a longitudinal study design that would have allowed us to draw more solid conclusions. Furthermore, the size of our sample may represent a limitation of our statistical analyses. The brief nature of the proposed interventions (6–8 weeks in total) may also not be sufficiently long enough to establish lasting changes. Further replication is needed to verify the results of this study in a randomized controlled trial.



Despite these limitations, this study provides a better understanding of the strategies that are suitable for development in the context of mixed (online and in-person) interventions. This approach is lacking in the current literature: while internet and face-to-face interventions should be both available to all adolescents with a chronic pain condition, common practices are distant from reaching this potential [85].



The strengths of this study include the comprehensive assessment of feasibility and outcomes in several important domains. Moreover, the use of a standardized part of the treatment ensured that all participants took part in the same treatment content.



In conclusion, there is an urgent need for more research to help developing and evaluating new multimodal rehabilitation programs in outpatient settings. This is also necessary to improve the applicability of these treatments to usual care settings.
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Figure 1. Graphical representation of the study’s experimental design. 
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Figure 2. Description of the online content (for adolescents) of the SMART4Pain program. 
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Figure 3. Description of the online content (for parents) of the SMART4Pain program. 
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Figure 4. The structure of the SMART4Pain program. 
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Table 1. Sociodemographic and clinical characteristics of participants at baseline.
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HEAD * (n = 11)

	
MSK * (n = 7)

	
RAP * (n = 2)

	
CBT * (n = 10)

	
BF * (n = 10)




	
Baseline Characteristic

	
M [SD] or n (%)

	
M [SD] or n (%)

	
M [SD] or n (%)

	
M [SD] or n (%)

	
M [SD] or n (%)

	
M [SD] or n (%)






	
Adolescents sample (n = 20)

	

	

	

	

	

	




	
Age

	
14.73 [1.97]

	
14.24 [2.17]

	
15.24 [1.87]

	
15.6 [0.28]

	
15.17 [2.03]

	
14.28 [1.91]




	
Gender

	

	

	

	

	

	




	
Female

	
17 (85)

	
9 (81.8)

	
7 (100)

	
1 (50)

	
10 (100)

	
7 (70)




	
Male

	
3 (15)

	
2 (18.2)

	
0 (0)

	
1 (50)

	
0 (0)

	
3 (30)




	
Primary diagnosis

	

	

	

	

	

	




	
Head pain

	
11 (55)

	
11 (100)

	
0 (0)

	
0 (0)

	
5 (50)

	
6 (60)




	
Musculoskeletal pain

	
7 (35)

	
0 (0)

	
7 (100)

	
0 (0)

	
4 (40)

	
3 (30)




	
Abdominal pain

	
3 (10)

	
0 (0)

	
0 (0)

	
2 (100)

	
1 (10)

	
1 (10)




	
Group allocation

	

	

	

	

	

	




	
CTB

	
10 (50)

	
5 (45.5)

	
4 (57.1)

	
1 (50)

	
10 (100)

	
0 (0)




	
biofeedback

	
10 (50)

	
6 (54.5)

	
3 (42.9)

	
1 (50)

	
0 (0)

	
10 (100)




	
Intensity of pain at baseline

	
5.85 [1.69]

	
5.63 [1.69]

	
6.00 [2.00]

	
6.50 [0.71]

	
5.40 [1.58]

	
6.30 [1.77]




	
Weekly frequency of pain

	
4.30 [2.66]

	
3.55 [2.66]

	
5.29 [2.63]

	
5.00 [2.83]

	
3.60 [2.63]

	
5.00 [2.62]




	
First pain episode

	

	

	

	

	

	




	
3–6 months

	
6 (30)

	
4 (36.4)

	
0 (0)

	
2 (100)

	
3 (30)

	
3 (30)




	
>6 months

	
14 (70)

	
7 (63.6)

	
7 (100)

	
0 (100)

	
7 (70)

	
7 (70)




	
Nr. of pain sites

	

	

	

	

	

	




	
One

	
7 (35)

	
6 (54.5)

	
0 (0)

	
1 (50)

	
3 (30)

	
4 (40)




	
Two or more

	
13 (65)

	
5 (45.4)

	
7 (100)

	
1 (50)

	
7 (70)

	
6 (60)




	
Parents sample (n = 20)

	

	

	

	

	

	




	
Age

	
46.97 [4.71]

	

	

	

	

	




	
Gender

	

	

	

	

	

	




	
Female

	
18 (90)

	

	

	

	

	




	
Male

	
1 (5)

	

	

	

	

	




	
Female, male

	
1 (5)

	

	

	

	

	








* RAP—recurrent abdominal pain; MSK—musculoskeletal pain; HEAD—primary headache syndrome (migraine or tension-type headache); CBT—cognitive–behavioral therapy; BF—biofeedback.













[image: Table] 





Table 2. Program feasibility and treatment adherence.
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HEAD (n = 11)

	
MSK (n = 7)

	
RAP (n = 2)

	
CBT (n = 10)

	
BF (n = 10)




	
Program Feasibility and Treatment Adherence

	
M [SD] or n (%)

	
M [SD] or n (%)

	
M [SD] or n (%)

	
M [SD] or n (%)

	
M [SD] or n (%)

	
M [SD] or n (%)






	
Adolescents sample (n = 20)

	

	

	

	

	

	




	
Treatment adherence

	

	

	

	

	

	




	
N of online modules completed

	
6 (100)

	
6 (100)

	
6 (100)

	
6 (100)

	
6 (100)

	
6 (100)




	
Use of online modules

	

	

	

	

	

	




	
Yes

	
11 (55)

	
7 (63.6)

	
3 (42.9)

	
1 (50)

	
7 (70)

	
4 (40)




	
Yes, partially

	
1 (5)

	
1 (9.1)

	
0 (0)

	
0 (0)

	
0 (0)

	
1 (10)




	
No

	
8 (40)

	
3 (27.3)

	
4 (57.1)

	
1 (50)

	
3 (30)

	
5 (50)




	
Use of the chat

	

	

	

	

	

	




	
Yes

	
5 (25)

	
3 (27.7)

	
2 (28.6)

	
0 (0)

	
3 (30)

	
2 (20)




	
No

	
15 (75)

	
8 (72.7)

	
5 (71.4)

	
2 (100)

	
7 (70)

	
8 (80)




	
Primary objectives attained (0–100)

	
73.75 [25.28]

	
68.18 [20.41]

	
75 [32.28]

	
100 [0]

	
77 [24.528]

	
70.5 [26.92]




	
Overall satisfaction (0–10)

	
6.90 [2.17]

	
7 [1.73]

	
6.29 [2.93]

	
8.50 [0.71]

	
6.60 [2.41]

	
7.20 [1.99]




	
Overall utility (0–10)

	
6.50 [3]

	
6.55 [3.30]

	
6 [3.06]

	
8 [0.00]

	
6 [3.30]

	
7 [2.75]




	
Parents sample (n = 20)

	

	

	

	

	

	




	
Increased activity (1–6)

	
4.1 [0.91]

	

	

	

	

	




	
TEI-SF (cut-off > 27)

	
32.55 [2.50]
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Table 3. Pain intensity (N = 20).






Table 3. Pain intensity (N = 20).





	
Pain Intensity (0–10)

	
Week 1

	
Week 2

	
Week 3

	
Week 4

	
Week 5

	
Week 6

	
p-Value




	
Min–Max

	
M (SD)

	
Min–Max

	
M (SD)

	
Min–Max

	
M (SD)

	
Min–Max

	
M (SD)

	
Min–Max

	
M (SD)

	
Min–Max

	
M (SD)

	






	
Total sample (n = 20)

	
2.7–8.7

	
5.76 (1.88)

	
2.0-8.1

	
5.81 (1.71)

	
3.0–8.2

	
6.01 (1.64)

	
0.0–8.4

	
5.56 (2.12)

	
0.0–8.5

	
5.52 (2.13)

	
0.0–8.7

	
5.64 (2.19)

	
0.903




	
CBT

	
2.7–8.3

	
5.28 (1.90)

	
3.7–7.6

	
5.62 (1.39)

	
3.7–7.8

	
5.76 (1.19)

	
4.0–7.6

	
5.50 (1.33)

	
3.7–7.5

	
5.33 (1.34)

	
3.9–7.5

	
5.03 (1.35)

	
0.736




	
BF

	
2.8–8.7

	
6.23 (1.82)

	
2.0–8.1

	
5.99 (2.04)

	
3.0–8.2

	
6.25 (2.02)

	
0.0–8.4

	
5.62 (2.77)

	
0.0–8.5

	
5.71 (2.77)

	
0.0–8.7

	
5.70 (2.83)

	
0.729
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Table 4. Pain duration (N = 20).






Table 4. Pain duration (N = 20).





	
Pain Duration (0–24)

	
Week 1

	
Week 2

	
Week 3

	
Week 4

	
Week 5

	
Week 6

	
p-Value




	
Min–Max

	
M (SD)

	
Min–Max

	
M (SD)

	
Min–Max

	
M (SD)

	
Min–Max

	
M (SD)

	
Min–Max

	
M (SD)

	
Min–Max

	
M (SD)

	






	
Total sample (n = 20)

	
1–20

	
10.5 (5.91)

	
1.5–20

	
10.5 (5.91)

	
1–20

	
10.5 (5.91)

	
1.5–20

	
10.5 (5.91)

	
1–20

	
10.5 (5.91)

	
1.5–20

	
10.5 (5.91)

	
0.828




	
CBT

	
3–19

	
11.60 (5.82)

	
1.5–19

	
10.55 (6.47)

	
1–19

	
11.35 (6.45)

	
1.5–19

	
10.90 (6.72)

	
1–19

	
11.75 (6.04)

	
1.5–20

	
11.95 (6.42)

	
0.273




	
BF

	
1–20

	
9.4 (6.09)

	
3.5–20

	
10.45 (5.65)

	
2.5–20

	
9.65 (5.52)

	
3–20

	
10.10 (5.32)

	
2–20

	
9.25 (5.82)

	
1.5–17.5

	
9.05 (5.28)

	
0.341
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Table 5. Use of medications (N = 20).






Table 5. Use of medications (N = 20).





	
Use of Medications

	
Week 1

	
Week 2

	
Week 3

	
Week 4

	
Week 5

	
Week 6

	
p-Value




	
Min–Max

	
M (SD)

	
Min–Max

	
M (SD)

	
Min–Max

	
M (SD)

	
Min–Max

	
M (SD)

	
Min–Max

	
M (SD)

	
Min–Max

	
M (SD)

	






	
Total sample (n = 20)

	
4.5–20

	
10.5 (5.70)

	
5–20

	
10.5 (5.56)

	
5–20

	
10.5 (5.61)

	
8–20

	
10.5 (4.50)

	
7.5–20

	
10.5 (4.79)

	
8.5–20

	
10.5 (4.14)

	
0.300




	
CBT

	
4.5–18.5

	
8.55 (5.19)

	
5–18.5

	
9.27 (5.21)

	
5–17.5

	
8.91 (4.86)

	
8–18

	
8.91 (3.02)

	
7.5–17.5

	
10.05 (4.39)

	
8.5–18

	
10.14 (3.65)

	
0.192




	
BF

	
4.5–13

	
8.75 (6.01)

	
5–12.5

	
8.75 (5.30)

	
5–17.5

	
11.25 (8.84)

	
8–8

	
8 (0.00)

	
7.5–7.5

	
7.5 (0.00)

	
8.5–8.5

	
8.5 (0.00)

	
0.893
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Table 6. Parenting Role Stress scores at baseline and post-treatment (N = 20).






Table 6. Parenting Role Stress scores at baseline and post-treatment (N = 20).





	Variable
	Pre-Treatment M (SD)
	Post-Treatment M (SD)
	Z
	Wilcoxon Signed Rank Test Probability





	Parental distress
	39.30 (25.77)
	36.05 (25.58)
	−0.835
	0.404



	Parent–child dysfunctional interaction
	52.35 (18.50)
	49.70 (21.18)
	−0.869
	0.385



	Defensive response
	48.75 (30.34)
	48.00 (29.63)
	−0.131
	0.896



	Difficult Child
	64.70 (23.21)
	61.00 (25.80)
	−0.769
	0.442



	Total Stress
	53.85 (24.13)
	49.75 (24.95)
	−1.15
	0.250
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Table 7. QUID scores at baseline and post-treatment (N = 20).






Table 7. QUID scores at baseline and post-treatment (N = 20).





	Variable
	Pre-Treatment M (SD)
	Post-Treatment M (SD)
	Z
	Wilcoxon Signed Rank Test Probability





	QUID Total score
	29.70 (15.53)
	29.50 (11.25)
	−0.175
	0.861



	Sensory
	12.10 (5.73)
	11.50 (5.35)
	−0.508
	0.612



	Affective
	5.40 (2.87)
	5.90 (2.38)
	−0.727
	0.467



	Evaluative
	7.85 (5.31)
	8.85 (5.47)
	−0.826
	0.409



	Mixed
	4.40 (3.69)
	3.25 (2.19)
	−1.346
	0.178










[image: Table] 





Table 8. PedsQL 4.0 (N = 20).






Table 8. PedsQL 4.0 (N = 20).





	Variable
	Pre-Treatment M (SD)
	Post-Treatment M (SD)
	Z
	Wilcoxon Signed Rank Test Probability





	Total Quality of life (0–100)
	63.63 (17.91)
	71.01 (17.15)
	−2.32
	0.021



	Physical (0–100)
	58.67 (23.46)
	66.37 (23.67)
	−1.32
	0.188



	Emotional (0–100)
	60.75 (25.09)
	69.0 (21.19)
	−1.83
	0.067



	Social (0–100)
	81.25 (24.32)
	84.25 (16.80)
	−0.738
	0.461



	School functioning (0–100)
	51.45 (24.54)
	65.5 (25.49)
	−2.31
	0.021
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Table 9. Anxiety and Depression (N = 20).






Table 9. Anxiety and Depression (N = 20).





	Variable
	Pre-Treatment M (SD)
	Post-Treatment M (SD)
	Z
	Wilcoxon Signed Rank Test Probability





	Anxiety
	100 (18.21)
	97.50 (17.51)
	−1.02
	0.310



	Depression
	100.25 (17.36)
	97.00 (14.46)
	−1.24
	0.217
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Table 10. Coping responses inventory (N = 20).






Table 10. Coping responses inventory (N = 20).












	Variable
	Pre-Treatment M (SD)
	Post-Treatment M (SD)
	Z
	Wilcoxon Signed Rank Test Probability





	Approach coping styles
	
	
	
	



	Logical analysis
	44.20 (11.61)
	44.05 (9.09)
	−0.078
	0.938



	Positive Reappraisal
	48.70 (13.96)
	51.10 (12.01)
	−1.54
	0.123



	Seeking Guidance and Support
	53.30 (11.55)
	52.70 (9.00)
	−0.370
	0.711



	Problem Solving
	49.65 (12.98)
	53.50 (12.26)
	-1.54
	0.123



	Avoidant coping styles
	
	
	
	



	Cognitive Avoidance
	49.55 (10.93)
	49.05 (9.27)
	−0.371
	0.711



	Acceptance or Resignation
	50.25 (11.36)
	50.10 (10.35)
	−0.189
	0.850



	Seeking Alternative Rewards
	45.05 (9.92)
	47.50 (13.33)
	−0.976
	0.329



	Emotional Discharge
	45.85 (11.27)
	46.10 (8.25)
	−0.142
	0.887
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Table 11. Physiological measures (N = 10).






Table 11. Physiological measures (N = 10).





	Variable
	Pre-Treatment M (SD)
	Post-Treatment M (SD)
	Z
	Wilcoxon Signed Rank Test Probability





	Electrodermal activity (SCL-GRS)
	5.14 (3.14)
	3.75 (2.91)
	−1.68
	0.09



	Muscular tension (sEMG)
	5.37 (2.38)
	4.59 (2.68)
	−0.866
	0.386



	Heart Rate Variability (HRV SDNN)
	72.95 (18.86)
	100.80 (48.06)
	−2.29
	0.02



	Temperature
	31.09 (4.17)
	32.22 (2.74)
	−0.866
	0.386



	Respiratory Sinus Arrhythmia (RSA)
	17.60 (5.52)
	31.94 (19.03)
	−2.80
	0.005
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