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Abstract
Background: Interdisciplinary multimodal pain therapy is a recommended treatment approach for persistent spinal pain; however, it remains 

unclear whether treatment effectiveness differs according to baseline severity, particularly in outpatient settings. Patients with high biopsychosocial 
burden are frequently considered candidates for more intensive treatment pathways, although evidence supporting severity-based allocation 
remains limited.

Methods: This retrospective multicenter cohort study analyzed 9,217 patients with persistent spinal pain participating in a structured three-
week interdisciplinary outpatient multimodal pain program following non-confirmation of a surgical indication. Baseline severity was assessed 
using a multidimensional biopsychosocial composite score (0–40 points) and categorized back pain severity into five severity groups (BPSG 1–5). 
Outcomes across multiple domains were harmonized and standardized using baseline-derived harmonized standard deviation scores (hSDS). 
Treatment response was evaluated using standardized change scores (Δ-hSDS), analysis of covariance models with baseline adjustment, and 
responder analyses across predefined thresholds of improvement.

Results: Baseline severity demonstrated a clear gradient across groups. Standardized change scores showed a strong inverse association with 
baseline values (R² = 0.56), indicating larger improvements in patients with greater baseline impairment. Median Δ-hSDS increased progressively 
across severity groups, ranging from approximately 0 in the lowest severity group to >1.5 in the highest severity group. In baseline-adjusted models, 
severity group remained significantly associated with Δ-hSDS (partial η² =0.058), whereas baseline values showed a smaller independent effect. 
Responder analyses confirmed increasing proportions of patients achieving large standardized improvements across higher severity groups. 
Although absolute week-3 outcomes remained associated with baseline status, substantial short-term improvements were observed even in patients 
with severe and extreme biopsychosocial burden.

Conclusions: Patients with high and very high baseline impairment demonstrated substantial short-term benefit from structured 
interdisciplinary outpatient multimodal pain therapy. High biopsychosocial burden should therefore not be interpreted as evidence against 
outpatient multimodal treatment or as an automatic indication for inpatient care. These findings support outpatient interdisciplinary treatment as 
a relevant component of stepped-care approaches across a broad range of baseline severity.
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Introduction

Persistent spinal pain is among the leading causes of long-term 
disability worldwide and represents a substantial burden for pa-
tients, healthcare systems, and society [1,2]. Despite considerable 
advances in diagnostic imaging and surgical techniques, the rela-
tionship between structural findings and clinical symptoms remains 
inconsistent [3,4]. A substantial proportion of patients referred for 
spinal surgery present with persistent pain syndromes that cannot 
be adequately explained by identifiable structural pathology alone. 
This discrepancy frequently complicates treatment decisions and 
contributes to considerable variability in clinical management.

In recent years, interdisciplinary multimodal pain therapy has 
become an established component in the management of persistent 
spinal pain. By integrating medical, physiotherapeutic, psychologi-
cal, and educational interventions, multimodal approaches aim to 
address the complex biological, psychological, and social factors 
contributing to pain chronification. Current national and interna-
tional guidelines recommend interdisciplinary multimodal treat-
ment particularly for patients with persistent, therapy-resistant, 
and functionally disabling pain conditions [5-7].

However, an important unresolved question concerns the rela-
tionship between baseline severity and treatment effectiveness. In 
routine care, patients with pronounced biopsychosocial burden are 
often assumed to require more intensive treatment settings, includ-
ing inpatient multimodal programs. High levels of disability, chro-
nicity, psychological distress, and social impairment are frequently 
regarded as indicators for escalation of care [8-11]. Consequently, 
patients with severe or extreme baseline impairment may be con-
sidered less suitable for outpatient treatment pathways. Despite 
the clinical relevance of this assumption, empirical evidence sup-
porting severity-based allocation decisions remains limited.

This issue is particularly relevant in patients undergoing sec-
ond-opinion assessment prior to planned spinal surgery. In many 
cases, surgical indication is ultimately not confirmed, creating a 
need for effective conservative treatment strategies [12-15]. These 
patients frequently present with complex clinical profiles charac-
terized by substantial functional limitations, maladaptive pain-re-
lated beliefs,	 psychological distress, and long-standing pain 
histories. Determining whether structured outpatient interdisci-
plinary treatment remains effective across varying levels of base-
line burden is therefore highly relevant for treatment planning and 
resource allocation.

A further challenge in evaluating treatment effectiveness across 
heterogeneous patient populations lies in the operationalization of 
baseline severity itself. Previous studies have often relied on sin-
gle-	 domain measures such as pain intensity, disability indi-
ces, or classifications such as the Chronic Pain	 Grading Scale [16-
18]. While these instruments provide valuable information, they 
do not fully reflect the multidimensional nature of persistent spi-
nal pain. Furthermore, comparisons between severity groups are 
methodologically complicated by differences in scale properties, 
ceiling effects, and regression-to-the-mean phenomena [19,20].

To address these limitations, multidimensional severity models 
may provide a more comprehensive framework by integrating bio-
logical, functional, psychological, and social dimensions of chronic 

pain [6,9,10,12,17]. Likewise, harmonized standardization pro-
cedures allow outcomes derived from instruments with different 
scaling properties to be expressed on a common metric and facili-
tate cross-domain comparisons [21-23].

Objectives

The present study therefore aimed to investigate the relation-
ship between multidimensional biopsychosocial baseline severity 
and treatment-associated changes in a large multicenter cohort 
of patients with persistent spinal pain participating in a struc-
tured interdisciplinary outpatient	 multimodal pain program 
after non-confirmation of surgical indication. A rule-based biopsy-
chosocial severity score was developed to classify patients into five 
ordered severity groups. Treatment response was assessed using 
harmonized standardized outcome measures, baseline-adjusted 
analyses, and responder approaches. We hypothesized that treat-
ment-associated improvements would occur across all severity lev-
els and specifically examined whether patients with high and very 
high baseline burden demonstrate clinically meaningful benefit 
within an outpatient interdisciplinary treatment setting.

Methods

Study design and setting

This study represents a retrospective cohort analysis of pro-
spectively collected routine care data derived from a nationwide 
interdisciplinary integrated care network in Germany. The network 
provides structured assessment and treatment pathways for pa-
tients with persistent spinal pain and includes multiple specialized 
centers applying standardized diagnostic and therapeutic proce-
dures.[12].

The study period extended from January 2014 to December 
2025. All patients underwent interdisciplinary second-opinion 
assessment prior to planned spinal surgery. Evaluations were per-
formed by experienced interdisciplinary pain specialist teams and 
included medical, functional, and psychosocial assessment proce-
dures. Patients in whom surgical indication was not confirmed and 
who subsequently participated in a structured interdisciplinary 
outpatient multimodal pain program were eligible for inclusion.

Participants

The study population consisted of all adult patients with per-
sistent spinal pain who completed both baseline assessment before 
initiation of treatment and follow-up assessment at the end of the 
three- week outpatient program.

Patients with incomplete information required for severity 
score calculation or harmonized outcome score generation were 
excluded from analysis.

A total of 9,217 patients fulfilled the inclusion criteria and were 
available for analysis.

Intervention

The intervention consisted of a structured interdisciplinary 
outpatient multimodal pain therapy program delivered over three 
weeks within a standardized integrated care framework. The treat-
ment program was embedded within a nationwide interdisciplinary 
care network following an ambulatory-first treatment philosophy. 
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Prior to treatment initiation, all patients underwent a standardized 
interdisciplinary bio-psycho-social assessment including medical, 
functional, and psychological evaluation procedures. Treatment 
recommendations were subsequently determined through struc-
tured interdisciplinary case conferences and shared decision-mak-
ing processes.

Rather than representing a rigid one-size-fits-all interven-
tion, the treatment framework followed an adaptive architecture 
in which therapeutic components and treatment intensity were 
aligned with individual clinical complexity and biopsychosocial 
burden.

The program integrated coordinated medical, physiotherapeu-
tic, psychological, and educational treatment components and was 
delivered by interdisciplinary teams including physicians, psychol-
ogists, physiotherapists, and additional healthcare professionals 
where required. Treatment focused on functional restoration, im-
provement of pain-related coping, modification of maladaptive be-
liefs and behaviors, promotion of self-management strategies, and 
reduction of pain- related disability.

To ensure comparability across participating centers, treat-
ment structure and core components followed predefined stan-
dards within the integrated care network and were continuously 
coordinated across participating sites.

Development of the biopsychosocial severity groups 
(BPSG)

Baseline severity was operationalized using a multidimension-
al biopsychosocial severity model integrating biological, functional, 
psychological, and social domains of persistent pain.

Twenty baseline variables were included: pain intensity index, 
Chronic Pain Grading Scale (CPGS), modified Pain Disability Index 
(mPDI), Hannover Functional Ability Questionnaire (FFbHR), VR-
12 physical and mental component scores (PCS and MCS), Mainzer 
Fragebogen zur Handfunktion (MFHW), Depression Anxiety Stress 
Scales (DASS-21) subscales for depression, anxiety, and stress, 
Fear-Avoidance Beliefs Questionnaire (FABQ) work and physical 
activity subscales, pain self-efficacy (FESS/PSEQ), Mainz Pain Stag-
ing System (MPSS), painDETECT questionnaire (PDQ-7), pain dura-
tion, AVEM classification, prior surgery status, degree of disability 
(GdB), and work incapacity status.

Each variable was transformed a priori into an ordinal severity 
score of 0, 1, or 2 points representing low, moderate, or high impair-
ment according to predefined thresholds derived from established 
cut-offs or clinically meaningful ranges (see Figure 1). Categori-
zation into three ordinal levels was chosen to preserve interpret-
ability and maintain comparable weighting across heterogeneous 
domains while reducing the influence of individual scale-specific 
distributions.

Figure 1: Development and distribution of the biopsychosocial severity groups (BPSG).
The multidimensional biopsychosocial severity model was derived from predefined clinical domains including pain intensity, pain-related 
disability, functional impairment, psychological distress, fear-avoidance beliefs, self-efficacy, pain chronicity, and social-medical indicators. 
Individual variables were transformed into ordinal scores (0–2 points) and aggregated into a composite severity score ranging from 0 to 
40 points. Patients were subsequently classified into five biopsychosocial severity groups (BPSG 1–5), representing increasing levels of 
multidimensional baseline burden.
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To ensure directional consistency across all domains, scoring 
was harmonized so that increasing values consistently represent-
ed increasing biopsychosocial burden. Individual point values were 
summed to obtain a composite score ranging from 0 to 40. Patients 
were classified into five predefined biopsychosocial back pain se-
verity groups: BPSG 1: 0–8 points, BPSG 2: 9–16 points, BPSG 3: 
17–24 points, BPSG 4: 25–32 points, and BPSG 5: 33–40 points, rep-
resenting increasing levels of multidimensional baseline burden.

Harmonized standardized outcome measures (hSDS)

 Because included instruments differed substantially regarding 
scale range, orientation, and measurement properties, harmonized 
standard deviation scores (hSDS) were used to allow cross- domain 
comparison. For each instrument, baseline mean values and stan-
dard deviations of the total cohort were used to derive standard-
ized scores at baseline (BL-hSDS) and after completion of treatment 
(W3-hSDS). Before standardization, all variables were harmonized 
to ensure that higher values consistently reflected more favorable 
clinical status. Composite hSDS values were calculated by averaging 
standardized values across all included domains.

Treatment-associated change was quantified as: Δ-hSDS = W3-
hSDS − BL-hSDS. Positive values represented improvement, where-
as negative values represented deterioration.

Statistical analysis

Descriptive statistics were calculated for baseline characteris-
tics and outcome variables across severity groups. Relationships 
between BL-hSDS and treatment-associated change (Δ-hSDS) 
were examined using linear regression analyses and graphical in-
spection. Differences in change scores across severity groups were 
evaluated using analysis of variance and visualized using boxplots. 
Responder analyses categorized patients according to predefined 
thresholds of standardized improvement expressed in multiples of 
standard deviations.

To account for baseline differences, analyses of covariance (AN-
COVA) were performed with two

separately specified models:

1.	 Δ-hSDS as dependent variable with severity group, BL-
hSDS, and BL-hSDS × severity interaction included as predic-
tors.

2.	 W3-hSDS as dependent variable with severity group and 
BL-hSDS included as predictors.

Estimated marginal means (EMMs) adjusted for baseline values 
were calculated for both models. Effect sizes were reported as par-
tial eta-squared (η²). To account for the large number of secondary 
outcomes, adjustment for multiple testing was performed using the 
Bonferroni method. All statistical tests were two-sided. A p-value 
<0.05 was considered statistically significant for the primary end-
point, whereas Bonferroni-adjusted thresholds were applied for 
secondary analyses.

All statistical analyses were performed using SPSS (PASW Sta-

tistics, Version 18.0; SPSS Inc., Chicago,

IL, USA).

Ethical and Regulatory Considerations

The integrated care program evaluated in the present study 
was conducted within the framework of contractual integrated 
care agreements according to §140a SGB V (German Social Code, 
Book V). Participation in the program was voluntary and required 
written informed consent prior to initiation of the interdisciplin-
ary second-opinion assessment. Patients provided consent both 
for participation in the structured care program and for the use 
of pseudonymized clinical data for healthcare research purposes. 
This consent was documented in written form and subsequently 
confirmed electronically at first use of the German Pain e-Registry 
(GPeR).

Clinical data were stored in pseudonymized form within the 
registry infrastructure. For the present analysis, fully anonymized 
datasets were extracted. The investigation represents a retrospec-
tive analysis of routinely collected healthcare data and did not in-
volve any additional diagnostic or therapeutic interventions beyond 
those applied as part of the specialized multimodal care program.

Ethical review and approval were waived because the study 
represents a secondary analysis of anonymized routine care data 
collected within a structured integrated care program according to 
§140a SGB V. Nevertheless, the protection of patient rights and data 
privacy in the context of the present analysis was reviewed and 
monitored by the Ethics Board of the German Pain League (Deut-
sche Schmerzliga).

The study was conducted in accordance with the ethical princi-
ples outlined in the Declaration of Helsinki.

Funding and Governance

The present study received no external public or commercial 
research funding. The analysis was conducted on behalf of Integra-
tive Managed Care GmbH (IMC GmbH) within the framework of its 
structured healthcare evaluation activities.

Statistical analyses were performed independently by O.Mea-
ny-MDPM GmbH under methodological supervision of the Institute 
for Neurological Sciences (IFNAP) and the Center of Excellence for 
Health Care Research, Nürnberg, Germany.

The statistical analysis plan was defined prior to data evalu-
ation. All analyses were conducted independently of the network 
operator. Interpretation of results and manuscript preparation 
were performed by the authors, all of whom had full access to the 
anonymized dataset and critically reviewed and approved the final 
manuscript.

The project was prospectively registered within the European 
Medicines Agency (EMA) framework as a healthcare research ini-
tiative and documented within the European Network of Centres 
for Pharmacoepidemiology and Pharmacovigilance (ENCePP) reg-
istry to ensure transparency of study objectives and methodology 
(EU PAS identifier: EUPAS1000000952).
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Results

Study population and biopsychosocial severity stratifi-
cation

A total of 9,217 patients met the inclusion criteria and were 
available for analysis. Based on the multidimensional biopsycho-
social severity model, patients were classified into five predefined 
biopsychosocial severity groups (BPSG), representing increasing 

levels of baseline burden. Group sizes were distributed as follows: 
BPSG 1 (n = 114), BPSG 2 (n = 1,796), BPSG 3 (n = 4,006), BPSG 4 (n 
=2,922), and BPSG 5 (n = 379).

Baseline demographic and clinical characteristics stratified by 
severity group are presented in Table 1. The distribution of patients 
across groups demonstrated the expected predominance of inter-
mediate severity categories, whereas the lowest and highest cate-
gories comprised smaller patient numbers (Table 1).

Table 1: Baseline characteristics of the study population stratified by biopsychosocial severity group.

Cohort Patients [n (%)] All 9217 
(100.0)

(Grade 1) 
114 (1.2)

(Grade 2) 1796 
(19.5)

(Grade 3) 4006 
(43.5)

(Grade 4) 2922 
(31.7)

(Grade 5) 
379 (4.1)

Between co-
horts signifi-
cance (eta2)

Average 24-hr. pain 
intensity [PIX; mm VAS; 

mean (SD)]
49.5 (15.8) 32.5 (15.1) 37.2 (14.3) 48.4 (14.0) 57.4 (13.1) 64.6 (11.9) <0.001 (0.252)

Modified Pain Disability 
Index [mPDI; mm VAS; 

mean (SD)]
56.7 (18.0) 27.6 (10.3) 39.7 (14.5) 54.9 (14.6) 68.4 (13.7) 75.0 (11.1) <0.001 (0.386)

Hannover Functional 
Assessment Question-
naire [HFAQ; NRS-100; 

mean (SD)]

57.6 (23.8) 88.1 (15.8) 77.5 (17.6) 59.5 (21.3) 44.1 (20.0) 36.4 (16.9) <0.001 (0.294)

Physical quality-of-life 
[VR12-PCS; mean (SD)] 30.4 (9.3) 45.0 (5.8) 37.2 (8.7) 29.9 (8.6) 27.1 (7.9) 24.4 (6.9) <0.001 (0.195)

Mental quality-of-life 
[VR12-MCS; mean (SD)] 39.5 (11.8) 56.4 (5.3) 47.9 (10.3) 41.8 (10.5) 32.1 (8.8) 27.8 (7.6) <0.001 (0.306)

Generall wellbeing 
[MQHHF; NRS-35; mean 

(SD)]
11.6 (7.2) 25.4 (5.7) 18.0 (6.8) 11.9 (6.0) 7.4 (5.1) 5.1 (3.8) <0.001 (0.341)

Depression [DASS-21 D; 
NRS-21; mean (SD)] 6.6 (5.2) 0.7 (1.1) 2.7 (2.7) 5.1 (3.7) 10.4 (5.0) 13.3 (4.2) <0.001 (0.401)

Anxiety [DASS-21 A; 
NRS-21; mean (SD)] 4.3 (4.7) 0.8 (1.1) 1.5 (2.0) 2.7 (2.8) 7.5 (5.5) 10.9 (4.0) <0.001 (0.347)

Stress [DASS-21S; NRS-
21; mean (SD)] 8.6 (5.3) 2.2 (2.1) 4.7 (3.6) 7.1 (4.0) 12.7 (4.5) 14.0 (3.6) <0.001 (0.398)

Fear avoidance beliefs 
work [FABQ-W; NRS-42; 

mean (SD)]
18.1 (12.2) 5.3 (6.1) 10.1 (8.8) 16.3 (11.4) 24.7 (11.2) 28.4(9.3) <0.001 (0.229)

Fear avoidance beliefs 
- physical activity (FABQ-
PA; NRS-24; mean (SD)]

14.9 (5.9) 7.6 (5.0) 11.8 (5.5) 14.5 (5.7) 17.2 (5.1) 18.3 (4.9) <0.001 (0.138)

Pain self efficacy [PSEQ; 
NRS-60; mean (SD)] 29.6 (13.3) 52.2 (10.2) 39.1 (13.5) 30.0 (12.3) 23.9 (10.3) 17.7 (5.2) <0.001 (0.228)

Pain phenotype [PDQ7; 
NRS-35; mean (SD)] 13.9 (7.3) 6.9 (4.4) 8.9 (5.8) 12.7 (6.4) 17.9 (6.8) 20.7 (5.7) <0.001 (0.246)

Harmonized standard 
deviation scores (hSDS): 

mean
0 1.302 0.736 0.137 -0.568 -0.951 <0.001 (0.745)

standard deviation 0.606 0.264 0.263 0.274 0.367 0.302  

median 0.023 1.327 0.73 0.129 -0.527 -0.96  

minimum -1.768 0.738 -0.098 -0.731 -1.66 -1.768  

maximum 1.772 1.772 1.554 1.079 0.331 -0.282  

95% confidence interval 0.014 0.055 0.014 0.01 0.015 0.035  

Descriptive demographic, clinical, functional, psychological, and social-medical characteristics at baseline across the five predefined biopsychosocial 
severity groups (BPSG 1–5). Higher severity categories represent increasing multidimensional biopsychosocial burden. Group comparisons are pre-
sented with corresponding significance levels and effect sizes.

http://dx.doi.org/10.33552/ANN.2026.18.000945


Archives in Neurology and Neuroscience                                                                                                                              Volume 18-Issue 4

Citation: Michael A. Überall*, Thomas Nolte, Gerhard H.H. Müller-Schwefe and Harry Kletzko. Rethinking Severity-Based Treatment Allocation 
in Persistent Spinal Pain: Substantial Benefit of Outpatient Interdisciplinary Multimodal Therapy in Highly Burdened Patients. Arch Neurol & 
Neurosci. 18(4): 2026. ANN.MS.ID.000945. DOI: 10.33552/ANN.2026.18.000945

Page 6 of 17

Baseline characteristics demonstrated a progressive gradient 
across severity groups. Patients in higher BPSG categories exhibited 
increasing impairment across multiple biopsychosocial domains, 
including pain-related disability, psychological distress, functional 

limitation, fear-avoidance beliefs, pain chronicity, and social-medi-
cal indicators. The derivation and operationalization of the multidi-
mensional severity score are summarized in Table 2.

Table 2: Week-3 characteristics of the study population stratified by biopsychosocial severity group (BPSG). 

Cohort Patients [n (%)] All 9217 
(100.0)

(Grade 1) 
114 (1.2)

(Grade 2) 1796 
(19.5)

(Grade 3) 4006 
(43.5)

(Grade 4) 2922 
(31.7)

(Grade 5) 
379 (4.1)

Between co-
horts signifi-
cance (eta2)

Average 24-hr. pain 
intensity [PIX; mm VAS; 

mean (SD)]
23.1 (17.3) 22.1 (15.9) 21.1 (15.9) 22.6 (17.0) 24.5 (18.1) 26.2 (19.8) <0.001 (0.006)

Modified Pain Disability 
Index [mPDI; mm VAS; 

mean (SD)]
26.6 (20.5) 23.0 (20.4) 23.6 (19.6) 26.3 (19.9) 28.7 (21.3) 30.2 (22.3) <0.001 (0.009)

Hannover Functional 
Assessment Question-
naire [HFAQ; NRS-100; 

mean (SD)]

74.3 (19.4) 89.3 (9.6) 82.7 (14.0) 75.1 (18.3) 69.4 (20.3) 59.7 (26.6) <0.001 (0.088)

Physical quality-of-life 
[VR12-PCS; mean (SD)] 43.7 (10.0) 44.8 (10.1) 44.4 (9.4) 43.6 (10.1) 43.4 (10.1) 43.1 (10.6) <0.001 (0.001)

Mental quality-of-life 
[VR12-MCS; mean (SD)] 46.7 (10.4) 47.8 (9.6) 48.1 (10.2) 46.8 (10.2) 46.0 (10.5) 44.7 (10.9) <0.001 (0.007)

Generall wellbeing 
[MQHHF; NRS-35; mean 

(SD)]
19.5 (7.8) 27.8 (6.3) 23.9 (6.5) 20.0 (6.9) 16.7 (7.8) 12.3 (7.3) <0.001 (0.154)

Depression [DASS-21 D; 
NRS-21; mean (SD)] 3.3 (3.3) 2.7 (2.9) 3.0 (3.1) 3.2 (3.2) 3.6 (3.5) 4.1 (3.9) <0.001 (0.007)

Anxiety [DASS-21 A; NRS-
21; mean (SD)] 2.0 (2.1) 1.6 (1.7) 1.8 (1.9) 1.9 (1.9) 2.2 (2.2) 2.8 (2.9) <0.001 (0.011)

Stress [DASS-21S NRS-
21; mean (SD)] 3.9 (3.5) 3.7 (3.3) 3.5 (3.2) 3.8 (3.4) 4.2 (3.7) 4.7 (4.3) <0.001 (0.007)

Fear avoidance beliefs - 
work [FABQ-W; NRS-42; 

mean (SD)]
12.9 (9.8) 7.3 (7.2) 10.2 (7.9) 11.7 (9.6) 15.8 (9.9) 18.6 (11.3) <0.001 (0.068)

Fear avoidance beliefs 
- physical activity (FABQ-
PA; NRS-24; mean (SD)]

9.7 (6.0) 6.1 (5.1) 8.4 (5.7) 9.6 (6.1) 10.4 (5.8) 11.7 (6.6) <0.001 (0.022)

Pain self efficacy [PSEQ; 
NRS-60; mean (SD)] 46.0 (10.3) 46.7 (10.2) 46.8 (10.0) 46.0 (10.1) 45.8 (10.6) 43.8 (11.7) <0.001 (0.003)

Pain phenotype [PDQ7; 
NRS-35; mean (SD)] 9.9 (6.0) 6.0 (3.9) 7.9 (5.2) 9.3 (5.5) 11.6 (6.3) 13.1 (7.4) <0.001 (0.067)

Harmonized standard 
deviation scores (hSDS): 

mean
0.945 1.266 1.127 0.976 0.819 0.627 <0.001 (0.09)

standard deviation 0.439 0.4 0.36 0.408 0.446 0.559  

median 0.989 1.306 1.151 1.004 0.874 0.685  

minimum -1.671 0.152 -0.421 -0.675 -1.115 -1.671  

maximum 2.105 2.079 2.038 2.105 1.919 1.696  

95% confidence interval 0.009 0.084 0.019 0.014 0.018 0.064  

Descriptive outcome measures obtained after completion of the three-week interdisciplinary 749 outpatient multimodal pain program across the five 
predefined biopsychosocial severity groups. 750 Harmonized standard deviation scores (hSDS) are included as multidimensional standardized 751 
outcome measures.

Baseline standardized status and treatment-associated 
change

Baseline harmonized standardized scores (BL-hSDS), week-3 

harmonized standardized scores (W3-hSDS), and corresponding 
treatment-associated changes (Δ-hSDS) are summarized in Table 3.

BL-hSDS values demonstrated a clear distribution across sever-
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ity categories, confirming the expected ordering of the severity clas-
sification. Lower severity groups showed more favorable baseline 

standardized scores, whereas patients assigned to higher severity 
categories demonstrated progressively lower BL-hSDS values.

Table 3: Treatment-associated changes in harmonized standard deviation scores (Δ-hSDS) according to biopsychosocial severity group (BPSG).

Cohort  Patients [ n (%)] All 9217 (100.0) 

Back pain severity grade (BPSG) 
Between cohorts 

significance (eta2) Grade 1 Grade 2 Grade 3 Grade 4 Grade 5 

114 (1.2) 1796 (19.5) 4006 (43.5) 2922 (31.7) 379 (4.1) 

Average 24-hr. pain intensity 
[PIX; mm VAS; mean (SD)] 26.5 (21.9) 10.5 (22.0) 16.0 (20.5) 25.8 (20.8) 32.9 (21.1) 38.4 (22.7) <0.001 (0.091)

Modified Pain Disability Index 
[mPDI; mm VAS; mean (SD)] 30.1 (26.0) 4.5 (21.9) 16.1 (24.1) 28.6 (23.7) 39.7 (25.1) 44.8 (24.7) <0.001 (0.127)

Hannover Functional Assess-
ment Questionnaire [HFAQ; 

NRS-100; mean (SD)]
16.7 (23.9) 1.2 (18.7) 5.2 (19.3) 15.6 (22.6) 25.2 (24.2) 23.3 (27.8) <0.001 (0.095)

Physical quality-of-life [VR12-
PCS; mean (SD)] 13.3 (13.4) -0.2 (11.3) 7.2 (12.7) 13.7 (13.1) 16.4 (12.8) 18.8 (12.3) <0.001 (0.077)

Mental quality-of-life [VR12-
MCS; mean (SD)] 7.2 (15.1) -8.6 (10.9) 0.2 (14.3) 4.9 (14.1) 13.9 (13.6) 16.9 (13.6) <0.001 (0.144)

General wellbeing [MQHHF; 
NRS-35; mean (SD)] 7.9 (8.0) 2.4 (5.9) 5.9 (7.5) 8.1 (7.8) 9.3 (8.3) 7.1 (8.1) <0.001 (0.028)

Depression [DASS-21 D; NRS-21; 
mean (SD)] 3.3 (5.9) -2.0 (3.1) -0.3 (4.1) 1.8 (4.7) 6.8 (6.0) 9.2 (5.6) <0.001 (0.265)

Anxiety [DASS-21 A; NRS-21; 
mean (SD)] 2.3 (5.0) -0.8 (2.0) -0.3 (2.7) 0.8 (3.3) 5.3 (5.9) 8.1 (4.8) <0.001 (0.269)

Stress [DASS-21 S; NRS-21; 
mean (SD)] 4.7 (6.1) -1.4 (3.9) 1.1 (4.7) 3.3 (5.1) 8.5 (5.8) 9.4 (5.5) <0.001 (0.251)

Fear avoidance beliefs - work 
[FABQ-W; NRS-42; mean (SD)] 5.2 (12.2) -2.0 (4.7) -0.1 (9.8) 4.6 (11.7) 8.8 (12.9) 9.8 (12.8) <0.001 (0.076)

Fear avoidance beliefs - physi-
cal activity [FABQ-PA; NRS-24; 

mean (SD)]
5.2 (7.5) 1.5 (4.5) 3.3 (6.9) 4.9 (7.7) 6.8 (7.3) 6.6 (7.8) <0.001 (0.031)

Pain self efficacy [PSEQ; NRS-60; 
mean (SD)] 16.4 (16.3) -5.5 (14.7) 7.6 (16.4) 15.9 (15.4) 21.9 (14.6) 26.0 (12.9) <0.001 (0.13)

Pain phenotype [PDQ7; NRS-35; 
mean (SD)] 4.0 (7.8) 0.8 (5.7) 1.0 (7.0) 3.4 (7.2) 6.4 (8.2) 7.6 (8.6) <0.001 (0.072)

Harmonized standard deviation 
scores (hSDS): mean 0.945 -0.037 0.391 0.839 1.387 1.578 <0.001 (0.386)

standard deviation 0.633 0.415 0.416 0.453 0.576 0.624  

median 0.921 -0.048 0.407 0.855 1.383 1.603  

minimum -1.309 -1.118 -1.309 -0.98 -0.564 -0.426  

maximum 3.099 0.853 1.616 2.334 3.099 2.934  

95% confidence interval 0.015 0.087 0.022 0.016 0.024 0.072  

Descriptive statistics of treatment-associated changes expressed as harmonized standard deviation 758 scores (Δ-hSDS) across the five predefined 
biopsychosocial severity groups (BPSG 1–5). Positive values 759 indicate improvement following completion of the three-week interdisciplinary out-
patient 760 multimodal pain program. Mean values, standard deviations, medians, ranges, and confidence 761 intervals are presented.

Following completion of the three-week interdisciplinary out-
patient treatment program, W3-hSDS values improved across all 
groups. However, the magnitude of treatment-associated change 
differed substantially according to baseline severity.

Standardized change scores (Δ-hSDS) increased progressively 
across severity categories. Median Δ-hSDS values ranged from ap-
proximately no change in the lowest severity category to marked 
positive changes in the highest categories. The largest standardized 
improvements were observed in patients classified as BPSG 4 and 

BPSG 5.

Relationship between baseline status and treatment-as-
sociated change

The relationship between baseline status and treatment-asso-
ciated change is illustrated in Figure 2A. Across the total cohort, BL-
hSDS values demonstrated a pronounced inverse association with 
Δ-hSDS. Patients with lower baseline values generally exhibited 
larger positive change scores, whereas patients with more favor-
able baseline values showed smaller changes.
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Figure 2: Relationship between baseline and postreatment harmonized standard deviation scores.
(A) Scaterplot illustrating the association between baseline harmonized standard deviation scores (BL-hSDS) and week-3 harmonized 
standard deviation scores (W3-hSDS) for the total cohort (n = 9,217). The regression line illustrates the relationship between baseline status 
and absolute postreatment outcome levels.
(B) Scaterplot stratified according to biopsychosocial severity groups (BPSG 1–5), illustrating the distribution of patients across baseline and 
week-3 standardized outcome values.

Linear regression analysis demonstrated a substantial propor-
tion of explained variance (R² = 0.56), indicating a strong relation-
ship between baseline status and standardized change.

When stratified according to biopsychosocial severity groups 
(Figure 2B), patients were distributed across distinct baseline 
ranges corresponding to the predefined severity categories. The 
observed pattern of treatment-associated change followed this 

distribution, with progressively larger Δ-hSDS values observed in 
groups with higher baseline impairment.

Distribution of standardized treatment responses

The distribution of treatment-associated change across sever-
ity groups is shown in Figure 3A. Median Δ-hSDS values increased 
progressively from BPSG 1 to BPSG 5. Patients in lower severity 

http://dx.doi.org/10.33552/ANN.2026.18.000945


Citation: Michael A. Überall*, Thomas Nolte, Gerhard H.H. Müller-Schwefe and Harry Kletzko. Rethinking Severity-Based Treatment Allocation 
in Persistent Spinal Pain: Substantial Benefit of Outpatient Interdisciplinary Multimodal Therapy in Highly Burdened Patients. Arch Neurol & 
Neurosci. 18(4): 2026. ANN.MS.ID.000945. DOI: 10.33552/ANN.2026.18.000945

Archives in Neurology and Neuroscience                                                                                                                              Volume 18-Issue 4

Page 9 of 17

groups demonstrated comparatively small standardized changes 
and a broader distribution around toward larger positive Δ-hSDS 
values.

In addition, variability of treatment response increased across 
higher severity groups, reflected by wider interquartile ranges 
and broader overall score distributions. Responder analyses fur-

ther characterized the magnitude of improvement across severity 
groups (Figure 3B, Table 4). Lower severity groups contained larger 
proportions of patients showing no change or only small improve-
ments, whereas higher severity groups demonstrated progressively 
larger proportions of patients achieving substantial standardized 
improvements.

Figure 3: Relationship between baseline status and treatment-associated change. 
(A) Scaterplot illustrating the association between baseline harmonized standard deviation scores (BL-hSDS) and treatment-associated 
changes expressed as Δ-hSDS for the total cohort (n = 9,217). The regression line demonstrates the inverse relationship between baseline 
status and magnitude of standardized change.
(B) Scaterplot stratified according to biopsychosocial severity groups (BPSG 1–5), illustrating severity-specific distributions of baseline values 
and corresponding treatment-associated changes.
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Table 4: Within-group effect sizes for treatment-associated changes across biopsychosocial severity groups 766 (BPSG).

Cohort Patients [n (%)] All 9217 (100.0) 

Back pain severity grade (BPSG) 

Grade 1 Grade 2 Grade 3 Grade 4 Grade 5 

114 (1.2) 1796 (19.5) 4006 (43.5) 2922 (31.7) 379 (4.1) 

Average 24-hr. pain intensity [PIX; mm VAS; mean 
(SD)] 1.594 0.671 1.065 1.657 2.082 2.351

Modified Pain Disability Index [mPDI; mm VAS; 
mean (SD)] 1.379 0.285 0.934 1.639 2.217 2.543

Hannover Functional Assessment Questionnaire 
[HFAQ; NRS-100; mean (SD)] 0.769 0.092 0.407 0.786 1.256 1.046

Physical quality-of-life [VR12-PCS; mean (SD)] 1.377 0.024 0.795 1.461 1.798 2.091

Mental quality-of-life [VR12-MCS; mean (SD)] 0.647 1.109 0.784 0.483 1.435 1.799

General wellbeing [MQHHF; NRS-35; mean (SD)] 1.052 0.4 0.887 1.253 1.411 1.237

Depression [DASS-21 D; NRS-21; mean (SD)] 0.758 0.912 0.103 0.549 1.576 2.27

Anxiety [DASS-21 A; NRS-21; mean (SD)] 0.632 0.559 0.154 0.334 1.265 2.319

Stress [DASS-21 S; NRS-21; mean (SD)] 1.047 0.542 0.352 0.889 2.063 2.345

Fear avoidance beliefs - work [FABQ-W; NRS-42; 
mean (SD)] 0.47 0.3 0.012 0.436 0.842 1.476

Fear avoidance beliefs - physical activity (FABQ-
PA; NRS-24; mean (SD)] 0.874 0.297 0.607 0.83 1.245 1.135

Pain self efficacy [PSEQ; NRS-60; mean (SD)] 1.379 0.539 0.648 1.422 2.095 2.883

Pain phenotype [PDQ7; NRS-35; mean (SD)] 0.599 0.216 0.182 0.57 0.961 1.151

Harmonized standard deviation scores (hSDS): 
mean 1.798 0.109 1.241 2.412 3.398 3.514

Within-group effect sizes quantifying treatment-associated differences between baseline and week-3 768 harmonized standard deviation scores 
(hSDS) across biopsychosocial severity groups. Cohen’s d values are presented to characterize the magnitude of within-group treatment-associated 
changes, with larger values indicating greater standardized improvement.

In the highest severity groups, improvements exceeding one 
standard deviation occurred considerably more frequently than in 
lower severity categories.

Baseline-adjusted analyses

To further evaluate treatment-associated changes while ac-

counting for baseline differences, analyses of covariance were per-
formed.

The first model examined Δ-hSDS as dependent variable and 
included severity group, BL-hSDS, and the interaction between BL-
hSDS and severity group as predictors (Table 5a).
 

Table 5: Baseline-adjusted analysis of covariance model for treatment-associated changes (Δ-hSDS).

A: Model effects

Predictor df F p-value Partial η²

Severity group 4 15.64 <0.001 0.058

Baseline z-score (BL-ZS) 1 570.32 <0.001 0.008

Severity group × BL-ZS 4 18.25 <0.001 0.041

Overall model 9 1350.28 <0.001 R²=0.569

B: Estimated marginal means (adjusted for BL-ZS)

Severity group Adjusted mean 95% CI

1 0.699 0.561–0.837

2 0.823 0.795–0.851

3 0.943 0.928–0.957

http://dx.doi.org/10.33552/ANN.2026.18.000945


Citation: Michael A. Überall*, Thomas Nolte, Gerhard H.H. Müller-Schwefe and Harry Kletzko. Rethinking Severity-Based Treatment Allocation 
in Persistent Spinal Pain: Substantial Benefit of Outpatient Interdisciplinary Multimodal Therapy in Highly Burdened Patients. Arch Neurol & 
Neurosci. 18(4): 2026. ANN.MS.ID.000945. DOI: 10.33552/ANN.2026.18.000945

Archives in Neurology and Neuroscience                                                                                                                              Volume 18-Issue 4

Page 11 of 17

4 0.991 0.934–1.048

5 0.727 0.343–1.111

(Annotation: Estimated marginal means were calculated at BL-ZS = 0.)

A: Results of the analysis of covariance model with treatment-associated changes in harmonized standard deviation scores (Δ-hSDS) as dependent 
variable and biopsychosocial severity group (BPSG), baseline harmonized standard deviation scores (BL-hSDS), and their interaction included as 
predictors. Model effects are presented as F-values, p-values, and partial eta-squared (η²).

B: Estimated marginal means (EMMs) for Δ-hSDS adjusted for baseline values and calculated at BL-779 hSDS = 0. Corresponding 95% confidence 
intervals are shown.

The overall model explained a substantial proportion of vari-
ance in Δ-hSDS (R² = 0.569). Severity group showed a statistically 
significant association with Δ-hSDS (p < 0.001), with a moderate 
effect size (partial η² = 0.058). BL-hSDS was also significantly asso-
ciated with treatment-associated change, although with a compara-
tively smaller effect size (partial η² = 0.008).

Furthermore, a statistically significant interaction between BL-
hSDS and severity group was observed (partial η² = 0.041), indicat-
ing that the relationship between baseline status and standardized 
treatment-associated change differed across severity categories.

Estimated marginal means adjusted for baseline values are pre-
sented in Table 5b. Adjusted Δ-hSDS values ranged from 0.699 to 
0.991 across severity groups. Compared with unadjusted analyses, 
differences between groups appeared less pronounced following 

baseline adjustment.

Week-3 outcome analyses

A second analysis of covariance examined W3-hSDS as depen-
dent variable and included severity group and BL-hSDS as predic-
tors (Table 6a).

The overall explained variance of this model was lower (R² = 
0.097). BL-hSDS represented the dominant predictor of week-3 out-
come values (partial η² = 0.517), whereas severity group showed a 
comparatively small but statistically significant effect (partial η² = 
0.008).

Estimated marginal means adjusted for baseline values in-
creased progressively across severity groups and ranged from 
0.743 to 1.108 (Table 6b).

Table 6: Baseline-adjusted analysis of covariance model for standardized week-3 outcomes (W3-hSDS).

A: Model effects

Predictor df F p-value Partial η²

Severity group 4 19.67 <0.001 0.008

Baseline z-score 1 9854.73 <0.001 0.517

Overall model 5 197.77 <0.001 R²=0.097

B: Estimated marginal means

Severity group Adjusted mean 95% CI

1 0.743 0.693–0.792

2 0.888 0.866–0.910

3 0.959 0.946–0.973

4 1.038 1.010–1.066

5 1.108 1.023–1.192

A: Results of the analysis of covariance model with standardized week-3 outcome values (W3-hSDS) as dependent variable and biopsychosocial 
severity group (BPSG) together with baseline harmonized standard deviation scores (BL-hSDS) included as predictors. Model effects are presented 
as F-values, p-values, and partial eta-squared (η²).

B: Estimated marginal means (EMMs) for W3-hSDS adjusted for baseline values and calculated at BL-hSDS = 0. Corresponding 95% confidence 

intervals are shown.
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Figure 4: Standardized treatment response according to biopsychosocial severity group.
(A) Boxplots of treatment-associated changes in harmonized standard deviation scores (Δ-hSDS) across biopsychosocial severity groups 
(BPSG 1–5). Boxes represent interquartile ranges, horizontal lines indicate median values, whiskers represent the 95th percentile range, and 
circles indicate outliers. (B) Distribution of responder categories according to magnitude of standardized improvement. Response categories 
are expressed as proportions of patients achieving predefined thresholds ranging from deterioration/no change to ≥3 standard deviations of 
improvement.
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Figure 5: Conceptual summary of the relationship between baseline severity, treatment-associated change, and postreatment 
outcome.
Illustrative summary based on observed harmonized standardized outcomes across biopsychosocial severity groups (BPSG 1–5). Increasing 
baseline severity was associated with progressively larger treatment-associated improvements (Δ-hSDS), whereas absolute postreatment 
outcome levels (W3- hSDS) remained lower in more severely affected patients. The figure highlights the distinction between treatment 
response and postreatment status and summarizes implications for severity- based treatment allocation.

Discussion

Principal findings

The present study examined the relationship between mul-
tidimensional biopsychosocial baseline severity and short-term 
treatment-associated changes following structured interdisciplin-
ary outpatient multimodal pain therapy in a large cohort of pa-
tients with persistent spinal pain. Across all analyses, a consistent 
relationship between baseline severity and treatment-associated 
change was observed. Standardized improvements increased pro-
gressively across severity categories, with the largest treatment-as-
sociated changes and responder proportions occurring in patients 
with severe and very severe baseline impairment.

Contrary to common assumptions that high biopsychosocial 
burden may limit suitability for outpatient treatment pathways, 
substantial treatment-associated improvements were not restrict-
ed to mildly affected patients. This pattern was observed consis-
tently across unadjusted analyses, responder distributions, and 
baseline-adjusted models. In contrast, absolute posttreatment out-
come levels remained associated with baseline status, indicating 
that treatment-associated change and posttreatment status repre-
sent distinct outcome dimensions.

One potential explanation for this finding may relate to the in-
dividualized and adaptive structure of the integrated care model. 
Within the BV-S framework, treatment allocation was based on 
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interdisciplinary bio-psycho-social assessment and shared deci-
sion-making procedures [12].

Treatment intensity and therapeutic components were aligned 
with clinical complexity and psychosocial burden. Patients with 
greater multidimensional impairment may therefore have received 
interventions more closely matched to their individual treatment 
needs, potentially contributing to greater treatment responsive-
ness despite more severe baseline presentations.

Interpretation of the severity-response relationship

The observed association between higher baseline burden and 
larger standardized treatment-associated improvements is clin-
ically relevant and requires careful interpretation. Patients with 
severe multidimensional impairment generally exhibit greater lim-
itations across several domains, including pain-related disability, 
psychological distress, maladaptive beliefs, and social participa-
tion [10,16,17]. Consequently, these patients may possess a larg-
er range of measurable changes across multidimensional outcome 
constructs.

Interdisciplinary multimodal treatment specifically targets 
these interacting dimensions simultaneously rather than focusing 
on isolated symptom reduction. Therefore, patients with broader 
biopsychosocial impairment may be particularly responsive to in-
terventions addressing multiple determinants of pain chronifica-
tion in parallel [5-7].

At the same time, larger changes in patients with unfavorable 
baseline status cannot automatically be interpreted as direct evi-
dence of stronger treatment effects. Statistical mechanisms in-
cluding regression to the mean and scale-related constraints likely 
contribute to the observed pattern [19,20]. Patients with extreme 
baseline values are more likely to demonstrate movement toward 
average values on repeated measurements independent of treat-
ment exposure. Likewise, ceiling effects may reduce measurable 
improvement in patients with comparatively favorable baseline 
status [24].

The pronounced inverse association between BL-hSDS and 
Δ-hSDS observed in the present analyses illustrates these phenom-
ena. However, several observations argue against interpreting the 
findings solely as statistical artifacts. The observed pattern was 
consistent across multiple analytical approaches including stan-
dardized change scores, responder analyses, and baseline-adjusted 
models.

Furthermore, clinically meaningful improvements remained 
observable even after accounting for baseline differences. In ad-
dition, the magnitude of observed standardized improvements 
suggests that these changes are unlikely to represent trivial statis-
tical fluctuations alone. Improvements approaching or exceeding 
one standard deviation generally indicate substantial shifts across 
multiple domains and therefore likely reflect clinically meaningful 
treatment-associated changes rather than isolated measurement 
variability [21,22].

7Change and outcome represent different clinical con-
structs

An important finding of the present analysis is the distinction 

between treatment-associated change and absolute posttreatment 
outcome.

Patients with severe baseline burden demonstrated the largest 
improvements yet remained at lower absolute week-3 levels com-
pared with less impaired patients. This observation indicates that 
large treatment-associated changes do not necessarily result in 
complete normalization of clinical status. This distinction is highly 
relevant in clinical practice. Treatment success may be evaluated 
either according to the magnitude of improvement or according to 
the achievement of a predefined health state. These perspectives 
are not interchangeable and may lead to different conclusions re-
garding effectiveness [25-28].

A severely affected patient may experience clinically meaning-
ful functional gains and substantial reductions in multidimensional 
burden while remaining symptomatic after treatment. Conversely, 
patients entering treatment with relatively favorable baseline sta-
tus may show only limited measurable improvement despite com-
paratively good outcome levels.

The present findings therefore support simultaneous consider-
ation of both change-based and status- based outcome measures 
when evaluating interdisciplinary pain programs. The overall rela-
tionship between baseline severity, treatment-associated change, 
and posttreatment status is summarized in Figure 5. While patients 
with greater biopsychosocial burden demonstrated larger treat-
ment- associated improvements, absolute posttreatment outcomes 
remained associated with baseline status. This distinction may 
have important implications for interpretation of treatment effec-
tiveness and severity-based treatment allocation.

Implications for outpatient versus inpatient treatment 
allocation

The present findings have direct implications for stepped-care 
concepts in persistent spinal pain. In routine care, patients with 
high levels of biopsychosocial burden are frequently considered 
candidates for escalation of care and more intensive treatment 
settings, including inpatient multimodal therapy. High levels of dis-
ability, psychological distress, chronicity, and social impairment are 
often interpreted as indicators of reduced suitability for outpatient 
treatment approaches [10,11].

In addition, treatment delivered within patients’ real-world so-
cial and occupational environments may facilitate transfer of thera-
peutic strategies into everyday life [12,29]. Ambulatory care struc-
tures may preserve social participation, reinforce self-management 
capacities, and support implementation of behavioral changes un-
der everyday conditions. These characteristics may be particularly 
relevant for patients with pronounced functional and psychosocial 
burden [29].

The present data do not support such a simplified interpreta-
tion. The highest severity categories demonstrated the largest stan-
dardized improvements and contained substantial proportions of 
patients achieving clinically meaningful response levels.

Importantly, this finding should not be interpreted as evidence 
that inpatient treatment is unnecessary or inferior. The present 
study did not include direct comparison between outpatient and 
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inpatient treatment settings and therefore cannot determine com-
parative effectiveness. Likewise, it remains possible that certain pa-
tient subgroups may derive additional benefit from more intensive 
treatment environments.

However, the findings suggest that baseline severity alone 
should not automatically be interpreted as evidence against outpa-
tient multimodal treatment or as a sole indication for inpatient care. 
Structured interdisciplinary outpatient programs appear capable 
of producing substantial short-term benefit even among patients 
with pronounced biopsychosocial burden. Taken together, our find-
ings challenge simplified assumptions that greater baseline burden 
necessarily predicts limited outpatient treatment responsiveness.

Methodological implications of harmonized standard-
ized outcomes

The use of harmonized standard deviation scores represented a 
central methodological component

of the present analysis. The included instruments differ con-
siderably regarding scale range, orientation, and psychometric 
properties. Direct aggregation of raw score changes or percentage 
differences across these measures would therefore have introduced 
substantial interpretative limitations.

Harmonized standardization enabled expression of multidi-
mensional outcomes on a common metric and facilitated integra-
tion across domains [21-23]. This approach also permitted direct 
comparison of treatment-associated changes between severity 
groups.

At the same time, composite standardized outcomes have lim-
itations. Although they improve comparability across instruments, 
they may obscure domain-specific response patterns. Patients with 
similar global scores may improve in different dimensions such as 
disability, psychological distress, or self-efficacy [17,18,28].

Future studies should therefore complement multidimension-
al global outcomes with analyses examining specific response do-
mains.

Strengths and Limitations

The present study has several important strengths. First, the 
analysis is based on a large multicenter cohort comprising 9,217 
patients treated within a structured nationwide interdisciplinary 
integrated care network. The large sample size enabled stable esti-
mation across five predefined severity groups and allowed detailed 
analyses of treatment response patterns across the full spectrum 
of biopsychosocial burden. Another important strength lies in the 
treatment setting itself. Patients were managed within a highly 
structured interdisciplinary integrated care architecture including 
standardized interdisciplinary assessment procedures, adaptive 
treatment allocation, and longitudinal quality assurance structures. 
This framework increases ecological validity and reflects routine 
clinical decision-making under real-world conditions.

Second, the study population represents a clinically highly rel-
evant and challenging patient group. All patients underwent inter-
disciplinary second-opinion assessment prior to planned spinal 

surgery and subsequently participated in conservative treatment 
following non-confirmation of surgical indication. This population 
frequently presents with complex clinical characteristics including 
long- standing pain histories, substantial disability, psychological 
distress, and pronounced biopsychosocial impairment. Findings 
derived from such populations are of direct relevance for treatment 
allocation and healthcare planning.

Third, baseline severity was not operationalized using a single 
dimension such as pain intensity or disability alone but through a 
multidimensional biopsychosocial severity model integrating func-
tional, psychological, social, and chronicity-related domains. This 
approach more closely reflects contemporary conceptualizations 
of persistent pain and allowed examination of treatment response 
across clinically meaningful severity profiles.

Fourth, harmonized standard deviation scores (hSDS) were 
used to integrate outcomes across instruments with substantial-
ly different scaling properties. By harmonizing directionality and 
standardizing values relative to baseline distributions, multidimen-
sional treatment-associated changes could be expressed on a com-
mon metric. The combination of standardized outcomes, responder 
analyses, graphical approaches, and baseline-adjusted models pro-
vided a comprehensive framework for evaluating treatment-asso-
ciated change.

However, several limitations should also be acknowledged.

The most important limitation is the observational design with-
out a randomized comparison group. Consequently, treatment-as-
sociated improvements cannot be attributed exclusively to the 
intervention itself. Natural symptom variation, contextual treat-
ment effects, expectation effects, spontaneous improvement, and 
additional non-specific factors may have contributed to observed 
changes.

Second, the analyses demonstrated a strong association be-
tween baseline status and treatment-associated change. There-
fore, statistical mechanisms including regression to the mean and 
scale-related effects must be considered. Patients with extreme 
baseline values generally have greater opportunity for measurable 
movement toward average values at repeated assessment. Although 
the present analyses explicitly modeled and visualized these rela-
tionships through baseline-adjusted approaches and interaction 
analyses, complete separation of statistical and treatment-related 
effects is not possible in an observational setting.

Third, although harmonized standardized outcomes improve 
comparability across domains, they necessarily represent a com-
posite construct. Patients with similar global hSDS changes may 
have improved in different dimensions of functioning and distress. 
Consequently, the present analyses provide a multidimensional 
summary of response but do not replace detailed domain-specific 
evaluation.

Fourth, the multidimensional severity model itself requires 
further validation. Although score construction was rule-based, 
clinically plausible, and intentionally designed to represent biopsy-
chosocial burden, all domains contributed equally to the final score. 
It remains possible that individual domains differ in prognostic rel-
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evance and alternative weighting procedures may further improve 
predictive performance.

Fifth, outcome assessment was limited to the end of the three-
week intervention period. Therefore, the present analysis ad-
dresses short-term treatment-associated change only. Long-term 
follow-up data are required to determine whether the observed im-
provements remain stable over time and whether outpatient treat-
ment influences later healthcare utilization, surgical rates, or need 
for inpatient treatment.

 Sixths, the biopsychosocial severity model was derived and 
evaluated within the same observational cohort. External valida-
tion in independent patient populations will therefore be required 
before broader implementation of the proposed severity classifica-
tion can be recommended.

Finally, the study was performed within a highly structured in-
tegrated care pathway and included patients following specialized 
interdisciplinary second-opinion assessment. Therefore, general-
izability to less structured outpatient environments or healthcare 
systems with different organizational characteristics may be lim-
ited. Furthermore, although treatment was embedded within a 
broader integrated care architecture including structured refresher 
interventions and longitudinal follow-up components, the present 
analyses focused exclusively on short-term treatment-associated 
changes at completion of the initial three-week intervention. Poten-
tial contributions of subsequent care components were therefore 
not evaluated.

Conclusions

In this large multicenter cohort of patients with persistent spi-
nal pain, structured interdisciplinary outpatient multimodal pain 
therapy was associated with substantial short-term improvements 
across the full spectrum of multidimensional biopsychosocial base-
line severity. Patients with severe and very severe baseline impair-
ment demonstrated pronounced treatment-associated changes and 
substantial responder rates despite high levels of initial burden.

Although treatment-associated changes remained strongly re-
lated to baseline status and require cautious interpretation in light 
of regression-to-the-mean and scale-related effects, the findings 
consistently indicate that clinically meaningful improvement is not 
restricted to mildly affected patients.

These results suggest that high biopsychosocial burden alone 
should not be interpreted as evidence against outpatient interdis-
ciplinary multimodal treatment or as an automatic indication for 
inpatient care. Rather, structured outpatient programs may repre-
sent an effective component of stepped-care approaches even for 
patients with substantial baseline impairment.

Future controlled studies with long-term follow-up are need-
ed to determine which patient subgroups benefit most from out-
patient versus inpatient treatment pathways and to further refine 
severity- based treatment allocation strategies.
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