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Abstract
Objectives The impact of duration and intensity on outcomes after Interdisciplinary Multimodal Pain Therapy (IMPT) is poorly researched. The
aim of this study was to compare the effects of low dose (LD, avg. 25 hours) and high dose IMPT (HD, avg. 110 hours).

Methods Patients completed pain-related questionnaires at the beginning (T1), at the end of therapy (T2) and at 3-month follow-up (T3) and
were matched according to age, sex, presence of back-pain and pain-related disability at T1, resulting in 32 patients per group. Primary endpoint
was the difference in pain-related disability and average pain intensity at T3 between both groups. In addition, early treatment effects and group
differences at T2 were analyzed.

Results Both groups showed significant improvements in pain-related disability and average pain intensity between T1 and T2. These positive
effects persisted in the HD group until the 3-month follow-up, whereas outcomes in the LD group patients deteriorated and were significantly
poorer compared to HD at T3.

Discussion Within a widely comparable therapeutic setting, high-dose IMPT was associated with longer lasting improvements compared to low-
dose IMPT in chronic pain patients, indicating that the “dose” of therapy is a relevant factor for clinical outcomes and should be further
investigated.

Introduction
Chronic pain is a highly prevalent condition with considerable individual, social and societal consequences 1,2. Although systematic research is
challenged by heterogeneous therapeutic and structural factors (e.g. setting, type and duration of treatment elements, composition of team
members), and different outcome measures, the treatment- and cost-effectiveness of Interdisciplinary multimodal pain therapy (IMPT) was
reported repeatedly and led to first-line recommendation of IMPT for chronic pain patients 3–13.

Several reviews discussed the association between dose aspects and effectiveness of IMPT programs for patients with chronic low back pain.
The term dose mainly refers to therapy duration, i.e. total number of contact hours. The term dosage refers to intensity of a treatment within a
certain time frame (e.g. 3 hours per week). One review concluded that programs with > 100 hours of treatment were more effective compared to
programs with < 30 hours of treatment or compared to unimodal treatments 14. In contrast, another review found that intensity of treatment, as
aspect of dosage, had no substantial effect on long-term-effectiveness, although most of the 10 studies included did not compare different
IMPT programs directly 15. Additionally, some of the included studies evaluated treatment programs (e.g. “fitness training”, 16) with lack of an
interdisciplinary therapeutic concept (e.g. 17) or solely compared different low-dosed IMPT programs (e.g. 18). A review including 27 studies
reported a superior long-term effectiveness for (more intense) inpatient compared to (less intense) outpatient treatments, but a direct
association between the number of treatment hours and effectiveness could not be stated 19. Another review systematically analyzed dose-
effects of pain rehabilitation programs controlling for possible confounders and found a positive effect of duration in weeks on therapy
outcome. A clear effect of duration could not be stated because of the high association between duration and number of disciplines or contents
involved 20.

Likewise, the most recent reviews failed to find overall dose effects, due to the complex methodological difficulties, e.g. large differences
regarding clinical settings, contact hours, therapeutic contents, proportion of contents, implementation of interdisciplinary team consultations
and number of disciplines involved 21.

Only few studies directly compared low and high dose interventions. Recently, it was shown that effectiveness might also depend on patients’
prognosis, i.e. patients with good prognosis benefitted equally from light and extensive IMPT, while patients with poor prognosis (associated
with higher physical and psychosocial malfunctions) showed higher benefits from extensive IMPT 22. From that point of view, it is close to infer
that patients with higher symptom severity and higher pain-related disability benefit more from high intense IMPT programs of longer duration.
So far, this aspect was not explicitly considered in previous studies or reviews.

Although it seems difficult to vary dose of IMPT without affecting other variables, e.g. clinical setting, team features and patients characteristics
such as severity of symptoms, a direct comparison of different treatment doses is exceptionally valuable for further research on IMPT
outcomes and cost-efficacy aspects 20.

We hypothesize that patients characterized by chronic pain conditions and high pain-related disability benefit more from high dose (HD)
compared to low dose (LD) IMPT in the 3-month follow-up.

Materials And Methods
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Patients and setting. All patients received IMPT at Jena University Hospital, based on cognitive-behavioral, educational, and physically
activating approach with the overall aim of functional restoration. The treatment content was similar in both groups and comprised
optimization of medical treatment, physical activation, occupational therapy, relaxation therapy, and psychological pain management. The
proportion of those therapeutic elements was comparable between groups. The treatment team consisted of pain physicians,
psychologists/psychotherapists, physiotherapists, occupational therapists, and pain nurses. Patients were referred to IMPT by several hospital
departments or GPs. The setting was mainly group therapy (approximately 80% of contact hours in both groups) and a minor proportion of
individual therapy sessions.

The LD-IMPT took place individually or in groups up to 4 patients between January 2009 and November 2010 in an inpatient setting. An
interdisciplinary assessment took place on the first in-patient-day prior to treatment. Therapeutic interventions lasted approximately 25 hours on
7 treatment days (1 week), and interdisciplinary team sessions were held for 2–3 hours per therapy group. Patients received the follow-up
questionnaire per mail (postal service) 12 weeks after therapy.

The HD-IMPT was performed in groups of 5 to 9 patients between June 2013 and March 2017 in a day-clinic setting. An interdisciplinary
assessment was conducted on one full day approximately 2–3 months prior to treatment. Therapeutic interventions lasted approximately 110
hours on 20 treatment days (4 weeks) and 2 refresher days. The interdisciplinary team sessions took 14–15 hours per therapy group.

Beside the mentioned differences in treatment duration and group size, there was a high degree of overlapping therapeutic and environmental
conditions due to the fact that almost the same disciplines, therapeutic interventions and contents and in part even the same staff members
were involved. All methods and experimental protocols were carried out in accordance with relevant guidelines and regulations. Ethical approval
was obtained from the local ethics committee of the Jena University Hospital. Informed consent was obtained from all subjects.

Questionnaires. All patients completed the German Pain Questionnaire (DSF,23) at the first day (T1), the last day of treatment (T2), and at a 3-
month follow-up (T3).

Outcome scales. We used the German version of the Chronic Pain Grade Questionnaire 24,25 as part of the DSF 23. Average and maximum pain
intensity during the last 7 days was assessed on an 11-point numeric rating scale (NRS, 0 = no pain to 10 = worst imaginable pain). Pain-related
disability was assessed with 3 items asking how much pain interfered with daily living, work performance, and recreational/social/family
activities within the last 7 days (11-point NRS, 0 = no interference to 10 = most severe interference). The pain-related disability scale was defined
as mean of the three items 24,25.

Matching procedure. To achieve comparability in baseline data and to reduce differences in sample size, LD- and HD-patients were matched 1:1
(see electronic Supplement 1). The DSF was revised in 2011 and the Hospital Anxiety and Depression Scale (HADS) 26,27 was replaced with the
German Depression Anxiety and Stress Scale (DASS) 28,29. To ensure consistent scales within the LD- (HADS) and HD-group (DASS) for
baseline characterization, HD-patients who completed the HADS (n = 28) were excluded from the matching procedure.

First, we exactly matched according to sex and the presence of chronic back pain (yes vs. no). Second, patients were matched according to age
and the pain-related disability score (see below) at T1 within the respective subclasses (females and back pain: no | females and back pain: yes
| males and back pain: no | males and back pain: yes) using “nearest neighbor” matching. Matching was performed using the ‘matchIt’ package
30 in R (31, Version 3.5.1, R Foundation for Statistical Computing, Vienna, Austria).

Statistical analyses. The primary endpoint was the difference of the pain disability scale and average pain intensity at T3 (3-month follow-up)
between both groups. Secondary outcomes comprised the initial therapy effects in both groups (T1 vs. T2) and group differences in pain-
related disability scale and average pain intensity at T2.

Dichotomous data is presented in absolute and relative frequencies. Continuous data is presented in median and first/third quartiles (Q1/3).
Because of the matching procedure, group differences were analyzed via McNemar tests for dichotomous and Wilcoxon signed-rank tests for
continuous data. Differences between time-points were analyzed in the same way. Effect sizes are reported as r coefficients and can be
interpreted as follows: large ≥ 0.5, medium ≥ 0.3, small effect ≥ 0.1 32.

We applied a significance level of 5% and we report two-sided p-values for comparisons between groups and time points. For the analyses, we
used R (Version 3.5.1, R Foundation for Statistical Computing, Vienna, Austria) 31 and SPSS (Version 22.0, IBM Corp., Armonk, N.Y., USA).

Results
The final study sample comprised 32 LD- and 32 HD-patients (for details see Fig. 1 and electronic Supplements 1 to 3). After matching, there
were no significant differences in baseline demographic, treatment-related (see Table 1) and pain-related data (see Table 2) between both
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groups.

Table 1
Demographic and treatment-related patient data for both groups. Median and first/third quartile (Q1/Q3) are displayed
for continuous data. Dichotomous data is displayed in number (n) and percent (%). P-values of the group comparisons

ate the beginning of the interdisciplinary multimodal pain therapy (IMPT) are displayed in the last column (p).

      low-dose IMPT

(n = 32)

  high-dose IMPT: matched

(n = 32)

 

      median Q1 Q3   median Q1 Q3 p1

age (years)   55.0 47.8 69.8   54.5 50.3 63.3 .927

follow-up (days after T2)   79.5 71.0 95.3   84.5 73.3 96.0 .614

      n %     n %   p2

sex (female)   15 46.9     15 46.9   .999

chronic pain duration (≥ 5years)   19 59.4     19 59.4   .999

chronic back pain (yes)   23 71.9     23 71.9   .999

symptoms of anxiety (above cut-off)3   14 43.8     14 43.8   .999

symptoms of depression (above cut-off)4   12 37.5     11 34.4   .999

1 p-values result from Wilcoxon signed-rank tests

2 p-values result from McNemar tests

3 low-dose patients: sum scores of the Hospital Anxiety Depression Scale (HADS, 26,27,39): Anxiety ≥ 11 or

high-dose patients: sum score of the Depression, Anxiety and Stress Scale (DASS, 28,29,40): Anxiety ≥ 6

4 low-dose patients: sum scores of the Hospital Anxiety Depression Scale (HADS, 26,27,39): Depression ≥ 11 or

high-dose patients: sum score of the Depression, Anxiety and Stress Scale (DASS, 28,29,40): Depression ≥ 10

 
Table 2

Median, first and third quartile (Q1/Q3) of the pain-related questionnaire data for both patient groups. Bonferroni-Holm corrected p-values (pT1)
from Wilcoxon signed-rank tests comparing values at the start (T1) vs. end (T2) of the interdisciplinary multimodal pain therapy (IMPT) and T1
vs. follow-up (T3) within both groups are displayed. The corresponding effect sizes are listed under column |rT1|. In addition, two-sided p-values

from Wilcoxon signed-rank tests comparing both groups (pgroup) and corresponding effect sizes (|rgroup|) are displayed.

        low-dose IMPT

(n = 32)

  high-dose IMPT: matched

(n = 32)

     

scale/item [units] time   median Q1 Q3 pT1 |rT1|   median Q1 Q3 pT1 |rT1|   pgroup |rgroup|

disability:
scale

[0–
10]

T1   5.3 3.9 6.9       5.0 4.0 6.2       .191 0.16

    T2   4.0 2.1 6.2 .001 0.42   4.0 2.7 5.6 < .001 0.45   .724 0.04

    T3   6.0 3.7 7.6 .707 0.05   3.8 2.0 5.5 .004 0.36   .014† 0.31

average
pain
rating

[0–
10]

T1   6.0 5.0 7.0       6.0 4.0 7.0       .939 0.01

    T2   5.0 4.0 6.0 .008 0.36   5.0 4.0 6.0 .002 0.41   .488 0.09

    T3   6.0 4.3 7.0 .498 0.08   5.0 3.0 6.0 .002 0.39   .044† 0.25

r = 0.1–0.29 small effect | r = 0.30–0.49 medium effect | r ≥ 0.50 large effect

† Bonferroni-Holm adjusted p-values for the primary endpoint: disability scale (p = 0.028) and average pain rating (p = 0.044)
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Primary endpoints and follow-up group comparisons. At the three months follow-up (T3), HD-patients scored significantly lower on the pain-
related disability scale compared to LD-patients (see Table 2 and Fig. 2A). In addition, HD-patients reported significantly lower average pain
intensity compared to LD-patients at T3 (see Table 2 and Fig. 2B). The effect sizes of the between group comparisons can be considered as
small (pain intensity) to medium (pain disability, see Table 2). Group differences clearly result from deteriorations between T2 and T3 in the LD-
group (Fig. 2). In detail, HD-patients reported significantly lower pain-related disability and average pain intensity ratings at T3 compared to T1
(medium effect size), while LD-patients showed no significant differences between T1 and T3.

Initial treatment effects between T1 and T2 and group comparisons. Both groups showed significant improvements between T1 and T2 in the
pain disability scale and in average pain intensity, with medium effect sizes. The pain-related disability scale and average pain intensity ratings
did not differ significantly between both groups at T2 (for details see Table 2).

Discussion
In this retrospective study, we aimed to compare the effects of different doses of IMPT (1 week, LD vs 4 weeks, HD) in matched pairs of patients
with chronic pain and high pain-related disability prior to therapy at Jena University Hospital. Pain-related disability and average pain intensity
showed significant and medium sized short-term improvements at the end of therapy (T1 vs. T2) in both groups. At the 3-month follow-up,
improved outcomes of patients in the HD-group persisted and showed significantly lower pain-related disability and average pain intensity
compared to T1 and, most remarkably, also compared to patients of the LD-group.

Baseline comparison and initial therapy effects. Based on the matching procedure, we found no significant differences in baseline data (e.g.
duration of chronic pain) and pain scales at T1, indicating high comparability of both groups. Both patient groups showed significant
improvements with medium-range effects in most of the pain scales directly after therapy. These values are similar to effect sizes reported by
other interdisciplinary treatment programs with comparable durations and intensities 33,34. In line with that, we found no significant differences
between both groups at T2, indicating similar positive short-term effects.

Medium-term effects. Patients in the HD-group showed significantly lower pain-related disability and pain intensity compared to LD-patients at
T3. The effect sizes of these differences were in the small to medium range. At T3, HD-patients showed significant improvements in pain-
related disability and average pain ratings compared to T1. The effect sizes were in the range of the effect sizes reported by other German IMPT
programs of comparable durations 33,34. We assume that differences in medium-term effects between HD- and LD-patients mainly stem from
differences in therapy duration because other therapeutic variables (e.g. therapeutic contents, involved disciplines, and contact hours per day)
were highly comparable. In addition, both groups showed no baseline differences at T1 and the initial therapeutic effects of both therapy
programs were similar. Most likely, a longer duration of IMPT ensures a longer-lasting transfer of functional pain management strategies in
patients’ daily life. Importantly, neither the pain-related disability scale nor the average pain intensity differed between T1 and T3 in LD-patients,
indicating only short-lasting benefits and a return to baseline values after 3 months. In contrast, a recent study from Switzerland evaluated a 1-
week multidisciplinary treatment in an outpatient setting, revealing significant treatment effects after 3 and 12 months 35. Nevertheless, these
patients might not be comparable to our patient group because they suffered from unspecific back pain, had lower chronification grades, and
received additional IMPT even after the intensive 1-week program, which may have played a crucial role in the maintenance of the therapy
effects 5.

We hypothesize that the LD-program seemingly was too short while the HD-program was long enough to maintain improvements up to 3
months in chronic pain patients with high pain-related disability, as usually present in inpatient or day-clinic IMPT programs. Nonetheless, the
question of the optimal therapy duration remains unanswered 5,20 and seems to be highly associated with patient characteristics, such as
severity, disability and individual prognosis 22.

In summary, after 3 months treatment effects in HD-patients were still significant, while LD-patients returned to T1 values. In addition, post-hoc
analyses on all 114 patients treated in the HD-program with valid questionnaire data for all time points (T1 to T3 and T4: 6 months follow-up
and T5: 12 months follow-up), revealed that pain-related disability was significantly reduced up to one year compared to T1 (see Supplement 4),
indicating a stable long-term effect of the HD-program.

Strengths and limitations. The novelty and main strength and of the study is the high comparability of therapeutic features between therapy
groups, e.g. interdisciplinary conceptual background, professionals involved, content and proportion of interventions. Therapy dose, i.e. mainly
the total duration in therapy hours, is therefore assumed to be the most meaningful difference between both programs. Nonetheless, few
limitations have to be considered. The small sample size, mono-centric setting and non-randomized patient allocation may have reduced
validity and results should be interpreted with caution. Due to the retrospective data analyses the range of analyzed variables was rather small.
A potential confounder might also be the differences of therapeutic setting, i.e. the inpatient setting of the LD-program compared to the day-
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clinic setting of the HD-program. Some studies showed better short-term 36,37 and long-term 37 improvements for inpatient compared to
outpatient treatments. Nonetheless, our HD-program is rather intensive with daily interventions of approx. 6 hours per day and leave from work.
In this respect, the basic difference between both therapy groups was rather not the therapy dosage or intensity, which can be concluded as
high in both groups (between 4 and 6 hours per day), but the overnight stay and the amount of additional everyday activities beside therapy
participation. In addition, the participation in the refresher days 3 months after therapy (2 days, approx. 10 hours) may also have sustained the
positive outcomes for HD-patients.

Another confounding factor may be the difference in (group) sizes between both therapies with notably smaller group sizes in the LD-group. On
one side, smaller group sizes may allow a higher level of individualized care. On the other side, some positive group effects may only come into
effect in larger groups. HD-patients were treated some years later than LD-patients, however therapeutic content did not change in the
meantime. Symptoms of depression and anxiety may have confounded the results of group comparisons but at least the number of patients
with relevant symptoms of depression and anxiety according to cut-off scores (of the HADS (LD-patients) and DASS (HD-patients), respectively)
did not differ significantly between groups at all time points.

Future studies on the effect of therapy dose should include multiple treatment centers using comparable therapy settings, comparable therapy
contents and a standardized set of core outcome domains 38. A randomized patient allocation would be preferable, although it might be
associated with ethical concerns to deprive some patients with high symptom severity from therapies with appropriate doses.

Conclusion. Our study indicates that a high-dose IMPT is more effective in the medium term (3-months follow-up) than a low-dose therapy in
chronic pain patients with high pain-related disability. Initial therapy effects were comparable, but improvements only persisted in the high-dose
program. Despite methodological limitations the results are highly relevant to gain a deeper understanding of the association between therapy
dose and effectiveness of IMPT.
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Figure 1

STROBE diagram for patients in the low-dose (LD) and high-dose (HD) therapy program. Number of patients with incomplete data-sets at the
beginning (T1), end of the therapy (T2), and follow-up (T3) are displayed.

Figure 2

Pain-related disability scale (A) and average pain intensity (B) for the low dose (LD) and high dose (HD) therapy group at the beginning (T1),
end of the therapy (T2), and follow-up (T3). The dots indicate group medians and error bars indicate the 1st and 3rd quartile. Significant
differences between groups are marked with stars.
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