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Abstract 

Objectives: Chronic pain corresponds to hypersensitivity to painful stimuli however its relation to 
acute pain sensitivity in children is poorly understood. We aimed to explore this relationship by 
comparing acute and chronic pain measures, along with related factors, in children with chronic pain 
syndromes versus controls, before and after therapeutic intervention. Methods: This study involved 
57 children with chronic pain undergoing intensive interdisciplinary pain treatment (IIPT) in a 
hospital-based pain rehabilitation program and 50 controls. Participants, aged 7-18, were tested using 
a cold-pressor task (CPT) at admission, discharge, and at first follow-up visit. Data on sleep, anxiety, 
psychological distress, functional impairment, and pain were collected. Results: Significant 
differences were found between control and treatment groups in average pain threshold (p < 0.001), 
pain tolerance (p >0.05), sleep visual analog scale (VAS) (p < 0.001), FDI scores (p < 0.001), PROMIS 
scores (p < 0.001), GAD scores (p < 0.001), and total BSI scores (p < 0.001) at admission with children 
with chronic pain scoring worse on all measures save the Pain VAS during the CPT. After treatment 
and at follow-up, function and mental health measures improved but not acute pain threshold. 
Discussion: At treatment completion, function and mental health significantly improved but acute 
pain threshold was unchanged. Post-treatment, sleep quality improved. These findings suggest that 
while chronic pain treatment improves overall function and mental health, acute pain thresholds may 
not be a suitable indicator for evaluating the efficacy of chronic pain interventions. 

Keywords: acute pain; chronic pain; pediatrics; pain threshold; pain tolerance 
 

1. Introduction 

Pediatric chronic pain is a debilitating condition that affects many children’s daily function, yet 
whose underlying mediator remains unknown.1 Existing theories suggest that chronic pain may stem 
from an abnormal failure of inhibitory pain modulation or a symptom of disordered sleep; both 
characteristics of children with chronic pain, and may be mediated by a deficiency of pain 
inhibition.2,3,4 The experience of acute pain can be characterized by pain threshold, the initial point at 
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which pain is felt, as well as pain tolerance, the amount of pain considered endurable. An inhibitory 
deficit could manifest as a lower pain tolerance, lower pain threshold, or both.  

There have been mixed findings regarding the pain tolerance of children with chronic pain. One 
Cold Pressor Task (CPT) study showed that children with juvenile idiopathic arthritis have lower 
pain tolerance compared to controls.5 Conversely, another CPT study showed no significant 
difference in pain tolerance between children with chronic pain and healthy controls.6 These mixed 
findings suggest the need for further investigation of pain tolerance. 

In contrast, research on pain threshold in chronic pain patients has been relatively conclusive, 
finding a lower pain threshold in patients with chronic pain. One study reported that adult patients 
with fibromyalgia syndrome (FMS), or Amplified Musculoskeletal Pain Syndrome (AMPS), had a 
lower pain threshold for painful experimental stimuli involving heat, cold, and pressure than 
controls.7 Another, using CPT to evoke an acute pain response, confirmed this finding in adult FMS 
patients.8  

Additionally, poor sleep quality has been associated with chronic pain.9 Poor sleep quality has 
been shown to improve significantly after intensive interdisciplinary pain treatment (IIPT) consisting 
of rigorous physical and occupational therapy.10  

Acute pain is a crucial outcome domain for evaluating treatments for pediatric chronic pain.11 
This study aims to assess acute pain thresholds and tolerance before and after IIPT in a hospital-based 
pain rehabilitation program. The program includes daily 1:1 physical therapy (PT) and occupational 
therapy (OT), individual and group cognitive-behavioral therapy (CBT), parent therapy sessions, and 
art and music therapy. While this biopsychosocial model-based program has been shown to be 
effective in alleviating chronic pain symptoms, improving function, and enhancing sleep quality, its 
impact on acute pain remains unclear.12-15  

We hypothesized that children with more severe chronic pain will be hypersensitive to acute 
pain, and therefore demonstrate lower acute pain thresholds and tolerances than healthy controls, as 
measured via the CPT. Additionally, we suspect that these children will experience more disordered 
sleep. We expect that improvements in chronic pain, evident upon discharge and follow-up, will 
correspond to higher acute pain thresholds and tolerance, as well as improved reported sleep quality.  

2. Materials and Methods 

2.1. Study Design, Population and Setting: 

This was convenience sample pre- and post-test study for subjects enrolled in a hospital-based 
pain rehabilitation program that delivers IIPT and a one-time comparison for control subjects. The 
study was conducted between September 2015 and February 2023. Active participants included 
patients 7-18 years old, being admitted to the IIPT program who were diagnosed with amplified 
musculoskeletal pain syndrome (defined as disproportionate pain and disability to any inciting 
event) by the treating medical provider.16 Exclusion criteria included: 1) those unable to comply with 
protocol requirements, 2) Subjects who have a history of fractures within the past 3 years in the limb 
to be used in testing, history of seizures, history of frostbite, history of seizures, history of 
cardiovascular disease, CMP pain specific to the upper extremities, history of Complex Regional Pain 
Syndrome (CRPS), or history of Raynaud phenomenon (decreased blood flow in the extremities), 3) 
parents or subjects unwilling or unable to provide consent for participation. This study received local 
institutional review board approval. Control participants included males and females 7-18 years old 
with no diagnosis of amplified pain and able to provide consent/assent.  

2.2. Recruitment 

Active Subjects: Active subjects were pre-screened based on IIPT program weekly admissions 
and discharges. Patients deemed potentially eligible were then approached upon admission and 
explained the purpose and procedures of the study to gauge interest. If interested, the patient and 
parent/guardian were consented at that time. Active participants received $5 at the first study visit 
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(admission), and then another $5 at the final visit (first follow-up after discharge) via pre-paid gift 
card. 

Control Subjects: Controls subjects were recruited via the general rheumatology and subspecialty 
pediatric rheumatology pain clinics to match the basic demographics of the active subjects. We 
approached children in rheumatology clinic with benign diagnoses (e.g., ANA positive, 
hypermobility syndrome) and no diagnosis of amplified musculoskeletal pain for participation, as 
well as unaffected siblings in pain clinic. We also advertised the study through local community 
boards and various outreach methods, including social media and partnerships with community 
organizations. Potential control participants were identified and reached out to about participating 
in the study. Those interested would be scheduled for the informed consent and visit in-person. 
Control participants were compensated $10 via pre-paid gift card for their time and completion of 
study procedures. 

2.3. Questionnaires 

Participants completed an online questionnaire via REDCap that included the following 
measures: Sleep Visual Analog Scale (Sleep VAS) (day/week) which reports quality of the patient’s 
sleep; Pain Visual Analog Scale (Pain VAS) which assesses the intensity of the subject’s current, usual, 
least, and most pain; Functional Disability Inventory (FDI) which assesses the impact of adolescents’ 
physical health on physical and psychosocial functioning with higher scores indicating greater 
difficulty functioning (no/minimal (0-12), mild (13-20), moderate (21-29), and severe (≥30)); Brief 
Symptom Inventory (BSI) which assesses psychological distress across domains (t-scores of 63 and 
above should be considered cases); General Anxiety Disorder 7-Item Scale (GAD-7) which screens 
for trait anxiety symptoms (0-4 minimal anxiety; 5-9 mild anxiety; 10-14 moderate anxiety; ≥15 severe 
anxiety); PROMIS (Patient Reported Outcomes Information System) Anxiety Assessment Tool which 
evaluates pediatric anxiety.17-23  

2.4. Cold Pressor Test 

This study uses the Cold Pressor Test, which has been validated for use in children as a tool for 
measuring acute pain threshold and tolerance.24 Subjects were asked to leave their hand in water 
measured at 36 (+/-1) degrees Celsius for one minute. The baseline temperature of the finger was 
recorded. Next, the subject was timed while submerging his/her hand in cold water (held as close as 
possible to 10 (+/- 1) degrees Celsius) for as long as possible, starting with their left hand, regardless 
of hand dominance. Subjects reported the point at which pain is first felt and the time from hand 
immersion to report of pain was recorded as his/her pain threshold. Subjects could remove his/her 
hand from the water bath at any point. The test was stopped at a maximum of three minutes. Total 
duration of hand immersion was recorded as his/her pain tolerance. This task was completed 
according to the guidelines of cold pressor use with children.24 Active participants were tested with 
questionnaires and the Cold Pressor Task procedure at entry to and discharge from IIPT program, 
and then at his/her first follow-up visit post-discharge. Control participants were tested once, at the 
convenience of the participant and parent/guardian, and the collected values were used as a normal 
baseline. Please see Figure 1. 
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Figure 1. Timepoints for Data Collection- Control vs Treatment Groups. 

2.5. Data Collection 

Patient demographics and clinical characteristics were abstracted from the electronic medical 
record in Research Electronic Data Capture (RedCap) and merged with data from the clinic’s existing 
patient registry. Questionnaires were answered and stored in REDCap. 

2.6. Data Analysis 

Baseline and demographic characteristics were summarized by standard descriptive summaries 
(e.g. means and standard deviations for continuous variables such as age and percentages for 
categorical variables such as gender). We compared the demographic and baseline characteristics 
between controls and those in the treatment group for continuous variables using 2-sample t-tests. 
For categorical variables, we utilized chi-square tests of independence.  

The primary analysis included all subjects meeting inclusion and exclusion criteria and 
completing Visit 1 (see figure). The primary endpoint was the change in acute pain threshold between 
Visit 1 and discharge (+/- 1 day) from the IIPT program. Secondary endpoints included the pre-vs 
post-intervention change in pain tolerance, sleep VAS score, pain VAS score, FDI score, BSI score, 
GAD-7 score, and PROMIS anxiety score. Additionally, data from controls were used as a comparison 
for values on all data points of subjects before and after treatment 

A multivariate linear mixed-effects model was used to measure the association between 
demographics information, questionnaire results and both pain threshold and pain tolerance. We 
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utilized the lmer command from the lmerTest package in R. A random subject effect was included in 
our model with age, gender, visit type (admission as the reference group), sleep VAS – week, sleep 
VAS – day, FDI score, PROMIS score, GAD score, and total BSI included as fixed effects. A two-sided 
P-value <0.05 was indicative of statistical significance for all tests. All statistical analyses were 
conducted using R version 4.1.2 (R Project for Statistical Computing). 

2.7. Sample Size and Power 

Based on previous CPT studies looking at adult FMS subjects as compared to controls, and 
aiming to obtain 90% power, a sample size of 46 per group was needed to reach significance for 
threshold, and 31 for tolerance.  

3. Results 

A total of 50 control participants and 57 treatment participants were enrolled in this study, with 
59.6% of treatment participants completing all study time points. The only reason for incomplete 
participation was loss to follow-up, in which case their data was included for relevant time points. 
Table 1 provides patient demographics and clinical characteristics. For the control group, 25 (50%) 
were female, 21 (42.0%) were male and 4 (8.0%) did not provide their sex. In the treatment group, 40 
(70%) were female, and 17 (30%) were male. The average age was 13 years (SD 3.17) for the control 
group and 14.6 years (SD 2.57) for the treatment group. There were no statistically significant 
differences in age or sex between the control and treatment groups.   

Table 1. Patient Demographics. 

 
Control - 
Baseline 
(N=50) 

Treatment 
- 
Admission 
(N=57) 

Treatment 
- Discharge 
(N=51) 

Treatment 
- Follow-up 
(N=34) 

Overall 
(N=192) 

P-values 
Control 
vs. 
Admission 

P-Values 
Control 
vs. 
Discharge 

P-Values 
Control vs. 
Follow-up 

Age 
(years) 

     
0.006 0.016 0.063 

Mean 
(SD) 13.0 (3.17) 14.6 (2.57) 14.4 (2.60) 14.2 (2.55) 14.0 

(2.80) 

   

Median 
[Min, 
Max] 

12.9 [7.18, 
18.1] 

15.3 [8.34, 
17.9] 

15.2 [8.34, 
17.9] 

14.3 [9.53, 
17.9] 

14.6 
[7.18, 
18.1] 

   

Sex      0.024 0.042 0.080 

F 25 (50.0%) 40 (70.2%) 35 (68.6%) 24 (70.6%) 124 
(64.6%) 

   

M 21 (42.0%) 17 (29.8%) 16 (31.4%) 10 (29.4%) 64 
(33.3%) 

   

N/A 4 (8.0%) 0 (0%) 0 (0%) 0 (0%) 4 (2.1%) 
   

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 14 August 2025 doi:10.20944/preprints202508.1052.v1

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.

https://doi.org/10.20944/preprints202508.1052.v1
http://creativecommons.org/licenses/by/4.0/


 6 of 13 

 

When comparing control subjects to those in the treatment group at admission, all measured 
variables except the pain VAS during the CPT were significant (Table 2). Children with chronic pain 
at admission demonstrate lower acute pain thresholds (p < 0.001) and tolerances (p <0.05). 
Additionally, children with more severe chronic pain at admission have higher sleep VAS, indicating 
worse sleep quality, on both a weekly (p < 0.001) and daily (p < 0.001) basis. At baseline, the treatment 
group had a significantly lower pain threshold, and significantly higher FDI, PROMIS, and Pain VAS 
scores compared to the control group (all p < 0.001). This remained true following treatment at both 
discharge (all p < 0.001) and follow-up (pain threshold, FDI, and Pain VAS p<0.001; PROMIS p=0.021). 
However, pain tolerance and Sleep VAS week and day scores were no longer statistically significant 
(all p>0.05) at these time points. GAD-7 remained significant until follow-up (at admission p<0.001, 
at discharge p=0.016). The difference between controls and subjects on the BSI was only significant at 
admission (p < 0.001).  

Table 2. Comparison of Clinical Findings in Controls vs Treatment Group at Admission, Discharge, and Follow-
up. 

 
Control -

Baseline 

(N=50) 

Treatment - 

Admission 

(N=57) 

Treatment 

–  

Discharge 

(N = 51) 

Treatment 

– 

Follow-up 

(N = 34) 

P-values 

Control vs. 

Admission 

P-Values 

Control vs. 

Discharge 

P-Values Control 

vs. Follow-up 

Avg. Pain 

Threshold 

(seconds) 

  

  

<0.001* 

<0.001* <0.001* 

Mean 

(SD) 

88.4 (67.0) 46.4 (39.7) 
47.4 (51.1) 39.1 (36.2) 

 

  

Median 

[Min, 

Max] 

60.5 [7.68, 

206] 

35.0 [4.15, 180] 
28.9 [0, 

180] 

29.5 [0, 

180] 

 

  

Avg. Pain 

Tolerance 

(seconds) 

  

  

0.0116* 

0.023* 0.0977 

Mean 

(SD) 

122 (63.2) 90.4 (62.9) 
91.5 (68.3) 96.4 (70.9) 

 

  

Median 

[Min, 

Max] 

137 [16.1, 

214] 

58.3 [13.9, 180] 
65.2 [0, 

180] 

63.0 [0, 

180] 

 

  

Sleep 

VAS – 

Week 

  

  

<0.001* 

<0.001* 0.101 

Mean 

(SD) 

20.1 (20.8) 43.0 (28.3) 
41.6 (27.8) 29.2 (25.6) 

 

  

Median 

[Min, 

Max] 

14.5 [0, 

70.0] 

35.0 [0, 100] 
44.0 [0, 

100] 

25.0 [0, 

76.0] 

 

  

Missing 0 (0%) 6 (10.5%) 4 (7.8%) 3 (8.8%) 
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Sleep 

VAS – 

Day 

  

  

<0.001* 

0.004* 0.182 

Mean 

(SD) 

17.5 (20.6) 38.8 (29.8) 
32.3 (28.4) 24.9 (26.6) 

 

  

Median 

[Min, 

Max] 

12.0 [0, 

80.0] 

32.0 [0, 100] 
27.0 [0, 

100] 

18.5 [0, 

99.0] 

 

  

Missing 
  

1 (2.0%) 2 (5.9%) 
 

  

FDI 
  

  <0.001* <0.001* <0.001* 

Mean 

(SD) 

2.70 (3.95) 24.5 (10.6) 
11.9 (7.94) 8.84 (8.85) 

 

  

Median 

[Min, 

Max] 

1.00 [0, 

19.0] 

25.0 [2.00, 44.0] 
11.0 [0, 

31.0] 

5.50 [0, 

32.0] 

 

  

Missing 
  

1 (2.0%) 2 (5.9%) 
 

  

PROMIS 
  

  <0.001* <0.001* 0.021* 

Mean 

(SD) 

10.6 (4.76) 19.9 (8.91) 
15.3 (7.47) 13.5 (5.90) 

 

  

Median 

[Min, 

Max] 

9.00 [8.00, 

32.0] 

19.5 [8.00, 40.0] 
13.0 [8.00, 

36.0] 

11.0 [8.00, 

29.0] 

 

  

Missing 0 (0%) 1 (1.8%) 1 (2.0%) 2 (5.9%) 
 

  

GAD 7 
  

  <0.001* 0.016* 0.440 

Mean 

(SD) 

9.18 (3.98) 13.7 (5.67) 
11.3 (4.52) 9.75 (2.68) 

 

  

Median 

[Min, 

Max] 

8.00 [7.00, 

28.0] 

13.0 [7.00, 28.0] 
10.0 [7.00, 

26.0] 

9.00 [7.00, 

17.0] 

 

  

Missing 0 (0%) 1 (1.8%) 2 (3.9%) 2 (5.9%) 
 

  

Total BSI 
  

  <0.001* 0.099 0.967 

Mean 

(SD) 

18.8 (24.1) 45.9 (33.4) 
27.2 (26.8) 18.6 (19.1) 

 

  

Median 

[Min, 

Max] 

13.0 [0, 

117] 

41.0 [4.00, 148] 
18.5 [1.00, 

111] 

12.5 [0, 

67.0] 

 

  

   
1 (2.0%) 2 (5.9%) 

 
  

Pain VAS 

- CPT 

  

  0.109 
0.21 0.637 

Mean 

(SD) 

48.2 (25.5) 56.3 (25.2) 
54.7 (25.1) 50.7 (21.2) 
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Median 

[Min, 

Max] 

58.0 [0, 

100] 

63.0 [0, 92.0] 
61.0 [1.00, 

99.0] 

58.0 [1.00, 

87.0] 

 

  

Missing 1 (2.0%) 2 (3.5%) 3 (5.9%) 3 (8.8%) 
 

  

Pain VAS 
  

  <0.001* <0.001* <0.001* 

Mean 

(SD) 

5.10 (12.9) 60.4 (28.5) 
53.6 (28.4) 26.0 (26.1) 

 

 

 

Median 

[Min, 

Max] 

0.50 [0, 

68.0] 

64.0 [0, 100] 
61.0 [0, 

99.0] 

14.0 [0, 

82.0] 

 

 

 

Missing 
  

1 (2.0%) 2 (5.9%) 
 

 
 

Children with chronic pain demonstrated a statistically significant difference on a variety of 
measures between admission and discharge from the IIPT program (Table 3). At discharge, FDI (p < 
0.001), PROMIS (p = 0.004), GAD (p = 0.025), BSI (p <0.001), and Pain VAS (p = 0.011) scores all 
significantly decreased. However, pain threshold, pain tolerance, weekly sleep quality, and Pain VAS 
describing pain related to CPT did not significantly differ. When looking at the difference between 
admission and first follow-up post-treatment, the improvement in FDI (p < 0.001), PROMIS (p < 
0.001), GAD (p < 0.001), BSI (p < 0.001), and Pain VAS (p < 0.001) scores were sustained and there 
were additional improvements in weekly sleep quality (p = 0.038) and daily sleep quality (p = 0.020).  

Table 3. Comparison of clinical findings at admission, discharge, and follow-up for the treatment group. 
 

Treatment - 

Admission 

(N=57) 

Treatment - 

Discharge 

(N=51) 

Treatment - 

Follow-up 

(N=34) 

P-Values 

Admission vs. 

Discharge  

P-Values 

Admission 

vs.  

Follow-Up  

P-Values 

Discharge 

vs.  

Follow-Up  
Avg. Pain 

Threshold 

(seconds) 

   
0.458 0.321 0.875 

Mean (SD) 46.4 (39.7) 47.4 (51.1) 39.1 (36.2) 
   

Median [Min, 

Max] 

35.0 [4.15, 180] 28.9 [0, 180] 29.5 [0, 180] 
   

Avg. Pain 

Tolerance 

(seconds) 

   
0.859 0.954 0.844 

Mean (SD) 90.4 (62.9) 91.5 (68.3) 96.4 (70.9) 
   

Median [Min, 

Max] 

58.3 [13.9, 180] 65.2 [0, 180] 63.0 [0, 180] 
   

Sleep VAS - Week 
   

0.664 0.038* 0.048* 

Mean (SD) 43.0 (28.3) 41.6 (27.8) 29.2 (25.6) 
   

Median [Min, 

Max] 

35.0 [0, 100] 44.0 [0, 100] 25.0 [0, 76.0] 
   

Missing 6 (10.5%) 4 (7.8%) 3 (8.8%) 
   

Sleep VAS - Day 
   

0.176 0.020* 0.185 

Mean (SD) 38.8 (29.8) 32.3 (28.4) 24.9 (26.6) 
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Median [Min, 

Max] 

32.0 [0, 100] 27.0 [0, 100] 18.5 [0, 99.0] 
   

Missing 0 (0%) 1 (2.0%) 2 (5.9%) 
   

FDI 
   

<0.001* <0.001* 0.062 

Mean (SD) 24.5 (10.6) 11.9 (7.94) 8.84 (8.85) 
   

Median [Min, 

Max] 

25.0 [2.00, 44.0] 11.0 [0, 31.0] 5.50 [0, 32.0] 
   

Missing 0 (0%) 1 (2.0%) 2 (5.9%) 
   

PROMIS 
   

0.004* <0.001* 0.470 

Mean (SD) 19.9 (8.91) 15.3 (7.47) 13.5 (5.90) 
   

Median [Min, 

Max] 

19.5 [8.00, 40.0] 13.0 [8.00, 

36.0] 

11.0 [8.00, 

29.0] 

   

Missing 1 (1.8%) 1 (2.0%) 2 (5.9%) 
   

GAD 7 
   

0.025* <0.001* 0.263 

Mean (SD) 13.7 (5.67) 11.3 (4.52) 9.75 (2.68) 
   

Median [Min, 

Max] 

13.0 [7.00, 28.0] 10.0 [7.00, 

26.0] 

9.00 [7.00, 

17.0] 

   

Missing 1 (1.8%) 2 (3.9%) 2 (5.9%) 
   

Total BSI 
   

0.0007* <0.001* 0.123 

Mean (SD) 45.9 (33.4) 27.2 (26.8) 18.6 (19.1) 
   

Median [Min, 

Max] 

41.0 [4.00, 148] 18.5 [1.00, 111] 12.5 [0, 67.0] 
   

Missing 0 (0%) 1 (2.0%) 2 (5.9%) 
   

Pain VAS - CPT 
   

0.687 0.179 0.283 

Mean (SD) 56.3 (25.2) 54.7 (25.1) 50.7 (21.2) 
   

Median [Min, 

Max] 

63.0 [0, 92.0] 61.0 [1.00, 

99.0] 

58.0 [1.00, 

87.0] 

   

Missing 2 (3.5%) 3 (5.9%) 3 (8.8%) 
   

Pain VAS 
   

0.011* <0.001* <0.001* 

Mean (SD) 66.6 (26.7) 53.6 (28.4) 26.0 (26.1) 
   

Median [Min, 

Max] 

73.0 [0,100] 61.0 [0, 99.0] 14.0 [0, 82.0] 
   

Missing 0 (0%) 1 (2.0%) 2 (5.9%) 
   

In the linear mixed effects model, with average pain threshold as the outcome, age was a 
significant predictor when controlling for the other variables in the model (Table 4). As age increased, 
so did the pain threshold (p=0.021). As FDI score increased, the average pain threshold increased 
(p=0.04). For each unit increase in the Pain VAS score (indicating greater recent level of chronic pain), 
average pain tolerance significantly decreased (p=0.02), and pain threshold slightly decreased, but 
this was not statistically significant (p >0.05). There was no significant difference in average pain 
threshold or pain tolerance between the different measurement times.   
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Table 4. Linear Mixed Effects Model Examining Relationship Between Clinical Factors in Treatment Group with 
Admission as Baseline. 

Variable Average Pain Threshold Average Pain Tolerance  
Estimate (SE) P-value Estimate (SE) P-value 

Intercept 7.53 (17.9) 0.677 24.51 (48.3) 0.614 

Age 2.57 (1.1) 0.021* 5.82 (3.0) 0.064 

Gender - Male 6.66 (6.4) 0.305 17.18 (17.9) 0.343 

Discharge  -2.45 (5.6) 0.664 -10.63 (11.6) 0.363 

Follow-up -1.77 (7.0) 0.800 -7.27 (14.6) 0.620 

Sleep VAS - Week 0.05 (0.1) 0.742 -0.04 (0.3) 0.900 

Sleep VAS - Day -0.05 (0.1) 0.679 0.004 (0.2) 0.987 

FDI Score 0.68 (0.3) 0.040* -0.03 (0.7) 0.967 

PROMIS Score -0.71 (0.6) 0.251 0.54 (1.3) 0.682 

GAD 7 0.19 (1.1) 0.860 -0.11 (0.4) 0.961 

Total BSI -0.04 (0.2) 0.800 -0.11 (0.4) 0.777 

Pain VAS -0.20 (0.1) 0.055 -0.51 (0.2) 0.020* 

4. Discussion 

Pain is a subjective experience, and one that ethics dissuade researchers from experimentally 
inducing. However, cold pressor was evaluated as a reliable and ethically responsible measure of 
pain in children specifically.25 While previous studies have demonstrated that patients with chronic 
pain syndromes have lower acute pain thresholds, more investigation is needed to determine the 
relationship of chronic pain to the experience of acute pain tolerance, as well as how the experience 
of acute pain (as measured by acute pain threshold and tolerance) might vary as chronic pain is 
treated and improves.  

Our results reveal that, patients with chronic pain showed significantly lower average pain 
tolerance and threshold compared to controls, indicating greater sensitivity to acute pain stimuli. 
Within the treatment group, these measures did not significantly change after treatment, despite 
clinical improvements in several other areas. In addition to lower pain threshold and tolerance, 
patients with chronic pain exhibit poorer sleep quality, more functional disability, and greater 
anxiety, psychological distress, and degree of pain experienced, compared to controls. Significant 
improvements were observed in functional and symptom-related measures (FDI, PROMIS, GAD-7, 
Total BSI, Pain VAS) from admission to follow-up, re-demonstrating the known benefit of IIPT for 
the management of pediatric chronic pain.14 

While most of these outcomes were already significantly improved by the time of discharge, the 
improvement in sleep quality was not observed until the time of follow-up, suggesting a delayed 
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treatment effect. Existing literature links chronic pain and poor sleep, and our findings suggest a 
possible directional component of this relationship such that improvement in chronic pain may lead 
to an improvement in sleep quality.26-28 Despite these improvements, pain threshold and tolerance 
remained stable throughout the treatment and follow-up periods. This stability underscores that, 
contrary to what we hypothesized, acute pain threshold and tolerance are likely not a good proxy for 
determining treatment effects. However, they may take time to improve after treatment, or they may 
be more static characteristics of this population, and not readily malleable. It is possible that the 
stability of acute pain metrics before and after treatment reflects an ongoing difficulty with coping 
with discomfort that is not resolved by the time of treatment follow-up or a conditioned expectation 
of what a painful experience may feel like based on their history of sensitivity to pain.  

There were several limitations of this study that need to be addressed. We did not collect 
participant information on race or ethnicity. This limits the generalizability of our findings and 
prevents this study from potentially measuring disparities in access to or efficacy of care. While not 
statistically significant, there were also differences in the age and sex of the patients in the control vs 
the treatment group. Better matching of controls to our clinical sample would enable better 
generalizability of our results and remove these as possible confounding factors, though this seems 
unlikely based on the results of the linear mixed effects model. Additionally, there was variability in 
follow-up scheduling among patients, with the average follow-up appointment occurring 
approximately 1 to 2 months after discharge from the program. However, this timing was not 
consistent for all patients—some attended sooner, some later, and some did not attend at all. Because 
there are uneven sample sizes between admission and discharge groups due to attrition, we are 
unable to calculate a paired t-test so that individual differences between participants can be 
eliminated. This limits our ability to control for individual differences and sampling errors. Future 
research should consider accounting for the timing of follow-up visits and potentially only include 
patients who complete all study sessions. It may be beneficial to include a second follow-up visit or 
extend the follow-up period to better assess the durability of treatment benefits. Future studies 
should consider examining the impact of individual treatment components (e.g., physical therapy vs. 
psychological therapy) to better understand the contribution of each treatment component to patient 
outcomes. 

The goal of our study was to determine the relationship between the acute and chronic pain 
experiences and sleep quality in children with chronic pain, and how these factors may or may not 
change following participation in the IIPT program. In addition to redemonstrating efficacy of the 
IIPT program, as indicated by improved functional and psychological measures following treatment, 
we found that sleep quality improves following treatment, however this treatment effect is delayed 
and only observable at follow-up. This suggests that disturbed sleep is likely a symptom of, rather 
than a contributor to, chronic pain in children. Our findings indicate that acute pain tolerance and 
threshold are both significantly lower in the population with chronic pain as compared to controls at 
baseline, and that this difference persists following treatment, despite functional improvement. We 
therefore suggest that CPT measures of acute pain threshold and tolerance are likely not appropriate 
proxy measures to use while evaluating the course and treatment of chronic pain in children, but 
rather that treatment outcomes are likely better evaluated through functional and psychological 
measures.  
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