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Disability evaluation in low back pain (LBP) has traditionally relied on patient- 

reported outcomes (PROs), which alone incompletely capture functioning. 

This study tested the feasibility of embedding a multidomain disability 

evaluation protocol into routine secondary care, integrating PROs with 

performance-based measures, kinematic analysis, quantitative sensory testing 

(QST), and electronic health record (EHR) data, without performing formal 

multidomain profiling or subgroup identification. In this proof-of-concept 

study, 542 patients referred for advanced LBP assessment at the Spine Center 

of Southern Denmark underwent multidomain evaluation, including PROs 

(ODI, EQ-5D-5L, NPRS, STarT Back), functional capacity tests, markerless 

kinematic motion capture, QST, and EHR extraction; a subgroup provided 

60-week SMS follow-up. Feasibility outcomes, including workflow integration, 

data completeness, acceptability, and adverse events, were evaluated overall 

and after the first 100 participants to guide protocol refinement. The 

assessment battery was completed in a mean of 22 min with over 95% data 

completeness, high acceptability, acceptable patient burden, and only two 

minor adverse events. PROs indicated moderate disability (ODI 34/100) and 

poor health (EQ-5D VAS 55/100), while functional and kinematic measures 

revealed substantial impairments, and QST showed widespread pain sensitivity 

with minimal conditioned pain modulation. EHR linkage was achieved for all 

participants, with MRI data available in 88%, and SMS follow-up retention was 

75% at 60 weeks. These findings demonstrate that integrating PROs, 

performance-based tests, QST, kinematic assessment, and EHR data into 

routine secondary care is feasible, safe, and acceptable. The resulting 

multidomain dataset provides an infrastructure for future research on 

prognosis, subgrouping, and disability evaluation in LBP.
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Introduction

Low back pain (LBP) is the leading cause of disability 

worldwide and accounts for more years lived with disability 

than any other condition. Its physical, psychological, and social 

consequences impose substantial societal and economic costs (1, 

2). Standard diagnostic triage distinguishes between specific 

spinal pathology, radicular syndrome, and non-specific LBP (3), 

but provides limited prognostic precision, as existing prediction 

models have shown variable performance and limited clinical 

uptake in individualized rehabilitation or disability-related 

decision-making (4). Although functional capacity can be 

measured objectively, the heterogeneity of LBP and the absence 

of clinically meaningful prognostic classifications make it 

difficult to judge stability or potential for improvement (4). As a 

result, disability evaluation remains challenging, particularly in 

complex cases, and is often based on incomplete representations 

of functioning rather than integrated assessments.

Disability evaluation in LBP has traditionally relied on patient- 

reported outcome measures (PROs) such as the Oswestry 

Disability Index (ODI) (5) and Roland–Morris Disability 

Questionnaire (RMDQ) (6). Although robust and widely 

used, these instruments were developed more than three decades 

ago, before the biopsychosocial model and the International 

Classification of Functioning, Disability and Health (ICF) 

became central components in rehabilitation. Consequently, 

they primarily assess activity limitation related to pain and 

physical function, with limited coverage of participation, 

contextual, and psychosocial factors directly relevant to long- 

term disability (7). Reliance on such a single-domain self-report 

may therefore inadequately re8ect the multidimensional nature 

of disability in LBP.

The ICF conceptualizes disability as multidimensional, arising 

from interactions between body impairments, activity limitations, 

and participation restrictions, all shaped by personal and 

environmental factors (8). A comprehensive evaluation should 

therefore integrate multiple complementary data sources, each 

re8ecting a distinct aspect of functioning. PROs capture the 

lived experience of pain, psychological distress, and perceived 

participation restrictions. Performance-based functional capacity 

and kinematic assessments provide observable activity-level 

functioning under standardized conditions. Quantitative sensory 

testing (QST) characterizes impairments in pain processing and 

modulation, linking body functions to activity limitations. 

Electronic health record (EHR) data adds contextual 

information on diagnoses, imaging findings, comorbidities, and 

sickness absence, situating the functional profile within the 

broader clinical trajectory. Each domain has inherent 

limitations. Self-report may be information-biased, whereas 

performance tests may not re8ect real-life ecological demands 

(9). QST characterizes impairment but not participation, while 

EHR data are in8uenced by documentation practices and coding 

variability (10). Such limitations underscore the need for careful 

standardization and transparent reporting when integrating 

multiple domains, rather than reliance on any single source 

of information.

Integrated, multidomain assessment frameworks have 

therefore been proposed as a means of more comprehensively 

characterizing functioning in LBP, consistent with the ICF 

model (7). The EL DORADO study was designed in response to 

this conceptual need by systematically combining PROs, 

performance-based measures, bedside QST, and EHR data in a 

large cohort of patients undergoing advanced diagnostics for 

LBP. By embedding these assessments directly into routine 

secondary care at an outpatient hospital unit specializing in 

spinal care, the EL DORADO captures a population with 

complex and persistent symptoms, providing detailed 

multidomain data not typically available in population-based 

cohorts such as LB3P (11). It aims to evaluate the feasibility of 

integrating a comprehensive, multidomain assessment of 

functioning into routine secondary care, focusing on work8ow 

integration, data completeness, acceptability, and safety. 

A secondary objective was to establish a harmonized dataset 

spanning PROs, performance-based measures, QST, kinematic 

assessment, and EHR data to support future research on 

prognosis, subgrouping, and disability evaluation.

Methods

Study design

This observational proof-of-concept feasibility study was 

conducted at the Spine Center of Southern Denmark, which 

evaluates patients with persistent or complex LBP unresponsive 

to primary care in the Region of Southern Denmark (population 

of 1.23 million) (12).

The Regional Committee on Health Research Ethics (S- 

20220084) granted ethical approval, and all participants 

provided informed consent.

Eligibility criteria and recruitment

Eligibility criteria

Participants were eligible for inclusion if they were: 

1. aged 18 years or older,

2. spoke Danish,

3. referred to the Spine Center of Southern Denmark for 

secondary care assessment of LBP with or without 

radiculopathy,

4. able to provide informed consent and participate in the physical 

assessment procedures. Patients were excluded if they had 

suspected or confirmed spinal pathology (e.g., fracture, 

infection, malignancy), required acute spinal surgery, or were 

unable to complete the assessment procedures safely.

Recruitment

Patients were invited via their appointment letter or by the 

treating clinician following the consultation. Because 

recruitment was embedded within routine clinical work8ows, no 

independent screening log of all eligible patients was available, 

and the total eligible population and inclusion rate could not 

be determined.
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Data sources and management

Data were collected across four complementary domains to 

provide a multidimensional profile of functioning: (1) PROs; (2) 

performance-based functional capacity and kinematic 

assessments; (3) QST; and (4) EHR data for diagnostic, imaging, 

and care trajectory context. No composite scores, weighting, or 

formal multidomain integration was performed as part of the 

present analyses.

Patient-reported outcomes

Baseline PRO data were retrieved through the SpineData 

registry (13) and completed by participants as part of their 

initial clinical assessment. These included validated instruments 

such as the Oswestry Disability Index (ODI) (5), EuroQol (EQ- 

5D-5L) (14), STarT Back Screening Tool (SBST) (15), and 

Numeric Pain Rating Scale (NPRS) (16). Additional single-item 

questions captured sociodemographic variables (age, sex, 

education) and lifestyle factors (e.g., smoking, physical activity, 

body mass index). Categorization was conducted according to 

established guidelines, and missing items were addressed in 

accordance with published recommendations where available.

Participants also completed a standardized digital pain 

drawing using a computer mouse or their finger on a 

touchscreen to draw pain areas on a body chart. Pain locations 

were recorded as vector data in a Cartesian coordinate system. 

These vector-based drawings provide spatial representations of 

symptom distribution, enable the quantification of pain extent, 

and facilitate location-specific analyses.

The SpineData registry typically required 15–20 min to 

complete and was administered no more than 7 d before, 

during, or immediately after the EL DORADO assessment.

Text message follow-up

A subgroup consented to provide weekly SMS-based spinal 

pain intensity ratings on a 0–10 scale for 60 weeks. A single 

automated reminder was sent 24 h later to enhance compliance 

if no response was recorded. At weeks 15 and 60, NPRS and 

ODI were also assessed (ODI data not presented here).

Performance-based measures

Trained clinicians conducted performance-based assessments 

using standardized protocols immediately before or after the 

clinical baseline consultation.

Functional capacity assessments

Functional capacity was assessed through standardized 

physical performance and capacity tests, including: 

• 2-Minute Walk Test (2MWT): Assessed walking capacity 

along a 30-m indoor corridor. The test was timed with a 

stopwatch, and assessors recorded the number of completed 

30-m laps. At the two-minute mark, the remaining distance 

on the final lap was measured to the nearest 0.1 m using a 

laser range finder (DeWalt DW033), and the total distance 

was calculated in meters (12).

• Five-Repetition Sit-to-Stand Test (5xSTS): Evaluated lower- 

limb strength and transitional movement. Participants rose 

from and returned to a standardized chair (seat height 

0.48 m) five times as quickly as possible, with or without arm 

support. Completion time was recorded in seconds (17), and 

participants who could not complete a pretrial were excluded.

• Hand Grip Strength: Measured using a calibrated 

dynamometer (Baseline BIMS Digital Grip Dynamometer) 

following standard testing procedures. Two maximal efforts 

were recorded, and the mean was reported in kilograms (18).

Kinematic assessments

Markerless motion capture was performed using four 

synchronized Razer Kiyo Pro cameras (60 fps) and the open- 

source SkellyCam platform. 3D pose estimation was conducted 

with CapturyStudio (The Captury GmbH, Saarbrücken, 

Germany) (19). All systems were calibrated before each session. 

Kinematic assessments were designed to capture movement 

quality and postural stability, providing complementary 

information to functional capacity tests.

Participants performed standardized tasks with instruction 

and demonstration. Recorded tasks included: 

• Postural Sway: Quiet barefoot standing with feet shoulder- 

width apart for up to 30 s. Center-of-mass trajectory and 

sway area were extracted to quantify static balance.

• Spinal Range of Motion: Maximal 8exion-extension and 

lateral 8exion from standing.

• Pencil Pick-Up: Reaching for a pencil placed 30 cm in 

front of the feet using the patient’s preferred movement 

strategy.

• Lifting Task: Participants lifted a 6-kg kettlebell from the 8oor 

to a hip-height table using their preferred movement strategy.

• 5xSTS: The test described above was performed with 

concomitant motion capture recording.

• Treadmill Walking: Participants walked at a 0% gradient. 

Before testing, they completed up to 1 min of 

familiarization, ending it earlier if they were comfortable. 

The initial speed was set to 3 km/h to account for treadmill 

acceleration, after which participants adjusted the speed as 

desired using only the up/down controls; all other display 

information was concealed. Steady-state walking was 

recorded for at least 30 s, and participants with balance 

impairments were allowed to use a bar handle for support.

Quantitative sensory testing

QST was preceded by standardized instructions: 

• Pressure Pain Threshold (PPT): Measured at two sites; (i) 

5 cm laterally to the L4 segment and (ii) over the muscle 
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belly of the tibialis anterior using a handheld algometer 

(1.5 cm2 probe) at ∼1 kg/s. The mean of two trials was 

recorded per site on the dominant-hand side. Testing was 

discontinued at 10 kg if no pain was reported (20).

• Cold Pressor Test: Participants immersed their non- 

dominant hand in 1 ± 0.3 °C water for up to 120 s or 

until intolerable. Pain intensity was continuously rated 

using an electronic visual analogue scale (eVAS) at 1 Hz, 

capturing duration, VASmax, time to VASmax, and area 

under the curve (VAS-AUC).

• Temporal Summation of Pain: Assessed before and 

immediately after the cold pressor using 10 repeated 

pressure stimuli to the tibialis anterior at 1 Hz. Pain 

ratings after the 1st and 10th stimuli were recorded (21).

• Conditioned Pain Modulation (CPM): Evaluated by 

comparing PPT and temporal summation before and 

after cold pressor exposure.

Electronic health record data

EHR data were extracted sequentially within a 6-month 

window following the clinical evaluation to capture the complete 

diagnostic work8ow at the Spine Center. Data included ICD-10 

codes and imaging reports (e.g., MRI). EHR data were used to 

provide clinical context and describe the feasibility of linkage 

rather than to evaluate diagnostic accuracy or decision-making. 

ICD-10 diagnoses and imaging reports were extracted from 

routine clinical records and used descriptively to provide 

contextual information on diagnostic pathways and care 

trajectories. Reporting of analyses based on routinely collected 

EHR data followed principles outlined in the RECORD 

statement (10).

Sample size and statistical analyses

The target sample size of ≥500 participants was chosen to 

ensure stable descriptive estimates and to support feasibility 

assessment and future profiling analysis (22). Descriptive 

statistics were used throughout, including means with standard 

deviations (SD) or medians with interquartile ranges (IQR) for 

continuous variables, and counts with percentages for 

categorical variables. No inferential analyses or subgroup 

comparisons were performed.

To contextualize the study population, baseline characteristics 

of included participants were compared descriptively with 

those of approximately 21,000 patients assessed at the Spine 

Center of Southern Denmark during the same recruitment 

period. These comparisons were intended to provide contextual 

representativeness rather than formal statistical inference.

Interim feasibility assessment

After the first 100 participants, an interim feasibility 

assessment was conducted to evaluate recruitment efficiency, 

data completeness, and participant acceptability. Key metrics 

included average completion time for physical assessments, data 

completeness, incidence of adverse events or symptom 

exacerbations, and participant feedback collected via a brief 

post-assessment survey. No a priori numerical feasibility 

thresholds were defined, as the primary aim was to document 

real-world completion, burden, and safety to inform future 

protocol refinement rather than to evaluate success against 

predefined criteria. The resulting feasibility metrics are reported 

descriptively and may serve as empirical reference points for 

defining explicit feasibility thresholds in future confirmatory or 

implementation studies. Based on these findings, minor protocol 

refinements (such as more precise instructions and adjusted test 

sequencing) were implemented to enhance participant comfort 

and maintain data quality. No interim outcome analyses or 

hypothesis testing were performed.

Results

Feasibility outcomes were the primary focus of the analysis 

and are therefore presented first, followed by descriptive 

summaries of patient-reported, performance-based, sensory, 

kinematic, and EHR-derived data.

A total of 549 participants were initially included in the 

cohort. Seven individuals were excluded after enrollment (six 

with neck pain as the primary complaint and one individual 

inadvertently included as a spouse), resulting in a final analytical 

sample of 542 participants (Figure 1). Among the first 100 

participants, the performance-based and kinematic components 

of the assessment battery were completed with a mean 

completion time of 22 min, and overall data completeness 

exceeded 95%. Participant acceptability was high, with 90% 

rating the assessment burden as minimal (data not shown). 

Only two minor adverse events occurred (one episode with loss 

of balance and one episode of dizziness), both of which resolved 

without sequelae.

Table 1 summarizes baseline characteristics selected a priori to 

contextualize the cohort relative to the broader Spine Center 

population. Overall, the cohorts were comparable in terms of 

age, sex distribution, body mass index, pain intensity, and 

disability. However, the EL DORADO cohort included a higher 

proportion of patients classified as high risk according to the 

STarT Back Screening Tool.

Patient-reported outcomes indicated moderate disability 

(mean ODI 34/100), poor health status (EQ-5D VAS 55/100), 

and a mean pain intensity of 5.8 for LBP and 4.9 for leg pain. 

Digital pain drawings were completed by 82% of participants. 

Functional capacity testing was completed by nearly all 

participants and demonstrated substantial impairments 

particularly for walking distance and sit-to-stand performance.

Markerless motion capture recordings were obtained for the 

majority of participants throughout the study period. During the 

early phase of data collection, recordings were successfully 

acquired, but pose estimation was not consistently possible due 

to ongoing calibration refinement. After finalization of the 

calibration setup (from participant 161 onward), pose estimation 

was successfully performed in 388 participants, with analyzable 

postural sway data available for 382 individuals (>98% of this 

subgroup). Lower overall completion rates reported across the 

full cohort, therefore, re8ect technical maturation during early 

Hansen et al.                                                                                                                                                           10.3389/fresc.2026.1731260

Frontiers in Rehabilitation Sciences 04 frontiersin.org

https://doi.org/10.3389/fresc.2026.1731260


implementation rather than persistent limitations of the finalized 

protocol. Treadmill gait recordings showed substantially lower 

usability, primarily related to balance support requirements and 

walkpad-related tracking constraints.

Quantitative sensory testing was feasible in more than 95% of 

participants. At a descriptive, group level, the observed QST 

profiles were consistent with increased pain sensitivity, including 

lower pressure pain thresholds, enhanced temporal summation, 

short cold pressor tolerance, and limited conditioned 

pain modulation.

EHR linkage was achieved for all participants, providing 

diagnostic coding (69% non-specific LBP, 13% spinal stenosis, 

and 11% disc herniation) and imaging data, with MRI available 

in 88%.

Longitudinal follow-up via SMS was accepted by 317 

participants (58%). Among those responding to at least one SMS 

(n = 300), the median (IQR) number of completed messages was 

59 (13.25). Retention remained high, with 80% responding at 12 

weeks, 79% at 24 weeks, and 75% at 60 weeks. Median weekly 

pain intensity remained stable at approximately 5/10, 

demonstrating the feasibility of long-term digital monitoring 

(Table 2). Detailed kinematic, postural sway, QST and SMS 

metrics are summarized descriptively in Table 2 and 

Supplementary Table S2.

FIGURE 1 

Participant recruitment and inclusion flow in the EL DORADO feasibility study. Flow diagram illustrating participant recruitment, exclusions, and final 

inclusion in the EL DORADO feasibility study. Participants were recruited through routine referral pathways to the Spine Center of Southern Denmark. 

The diagram shows the number of individuals initially included, the exclusions and their reasons, and the final analytical sample (n = 542). The figure is 

intended to document the feasibility and transparency of recruitment rather than representativeness or inclusion rates.

TABLE 1 Key baseline characteristics of the EL DORADO cohort compared with the spine center cohort.

Characteristic EL DORADO (n = 542) Spine center cohort Completion (%)

Female sex, n (%) 278 (51%) 55.1% 100

Age, years (mean ± SD) 58 ± 15 56.6 ± 17 100

BMI, kg/m2 (mean ± SD) 27.8 ± 5.2 28.0 ± 5.8 91

Pain duration >1 year, n (%) 228 (45%) 43.5% 93

Low back pain intensity (0–10) 5.8 ± 2.2 6.0 ± 2.4 92

ODI score (0–100) 34 ± 15 35.2 ± 10.5 92

EQ-5D VAS (0–100) 55 ± 21 53.4 ± 22 92

STarT Back high risk, n (%) 260 (52%) 54,5% 92

Recent sick leave (<3 months), n (%) 135 (45%) 47.5% 55

MRI performed 479/542 (88.4) - 100

Values are descriptive and selected a priori to contextualize the EL DORADO cohort. The Spine Center cohort re8ects patients assessed during the same period; detailed diagnostic categories 

were not available at comparable granularity.
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To illustrate potential concordance and discordance between 

self-reported disability and observed functioning across domains, 

exploratory descriptive comparisons were performed. These 

ODI-stratified summaries are presented for descriptive and 

illustrative purposes only. No formal trend testing, subgroup 

inference, or multidomain profiling was performed. Participants 

were stratified by ODI severity into established categories: 0%– 

20% (minimal disability), 21%–40% (moderate disability), 41%– 

60% (severe disability), and 61%–80% (crippled disability). 

Within each stratum, median values with IQR were summarized 

for selected performance-based outcomes and pressure pain 

thresholds (Table 3).

Across increasing ODI severity categories, performance-based 

walking capacity demonstrated a graded decline, with the median 

2-Minute Walk Test distance decreasing from 170 m in the 

minimal disability group to 95 m in the crippled disability 

group. Median hand-grip strength was modestly lower in the 

higher ODI severity categories, but with substantial overlap 

across strata. Pressure pain thresholds at both the tibialis 

anterior and lumbar region showed a progressive decrease with 

increasing ODI severity, indicating greater pain sensitivity at a 

descriptive level. Despite these trends, considerable overlap in 

functional and sensory measures was observed across ODI 

categories, illustrating cross-domain discordance whereby some 

individuals reporting moderate disability exhibited marked 

functional limitations, while others with high self-reported 

disability retained comparatively preserved performance.

Discussion

This study demonstrates that a comprehensive, multidomain 

disability evaluation is both feasible and acceptable in a real- 

world hospital outpatient setting. We successfully enrolled 542 

participants and achieved data completeness exceeding 95%. The 

test protocol was completed in approximately 22 min per 

participant, with no serious adverse events. Including collection 

of PROs via the SpineData registry (15–20 min), total 

participant time was typically 40–45 min. Staff time for setup, 

data recording, equipment calibration, and EHR extraction was 

approximately 15 min per participant, indicating that the 

work8ow can be efficiently integrated into clinical routines. 

Participant feedback confirmed high acceptability, suggesting 

that multidomain assessment can be implemented in clinical 

practice without imposing excessive burden.

Across domains, we observed pronounced heterogeneity in 

functioning. Within the ICF framework, impairments at the 

body function level were re8ected in altered pain processing and 

modulation (quantitative sensory testing, QST) and in 

psychological distress (PROs). Activity limitations were evident 

in performance-based tests, where participants demonstrated 

substantial reductions in functional capacity. The mean 

2-Minute Walk Test distance (∼147 m) was approximately 20% 

below age-matched norms (23), and the mean Five-Repetition 

Sit-to-Stand time (∼22 s) was close to double that of healthy 

adults (24). Participation restrictions were evident in high rates 

of recent sick leave (45%) and poor health status (EQ-5D VAS 

55/100). The exploratory cross-domain comparisons presented 

here are descriptive and illustrative and do not constitute formal 

TABLE 2 Feasibility metrics and selected functional and SMS outcomes.

Domain Measure Completion  

(%)

Summary  

value

Feasibility Assessment battery duration — 22 min (mean)

Feasibility Overall data completeness — >95%

Feasibility Minor adverse events — 2 events

Functional 

capacity

2-Minute Walk Test 100 149 m 

(median)

Functional 

capacity

5x Sit-to-Stand 98 19.2 s 

(median)

Functional 

capacity

Hand grip strength 99 33.1 kg 

(median)

Follow-up 

feasibility

SMS retention at 60 weeks 75 Stable pain 

∼5/10

Measures are presented descriptively to illustrate feasibility, burden, and cross-domain 

functioning. Detailed kinematic, sensory, and longitudinal metrics are provided in the 

Supplementary Material.

TABLE 3 Performance-based functional capacity and pressure pain thresholds stratified by Oswestry disability Index (ODI) severity.

ODI severity 

category/(n)

2-Minute walk 

test, m (median 

[IQR])

Hand grip 

strength, kg 

(median [IQR])

Sit-to-stand 

average time (s) 

(median [IQR])

PPT—tibialis 

anterior, kPa 

(median [IQR])

PPT—lumbar 

region, kPa 

(median [IQR])

0%–20% (minimal 

disability)/(103)

170 [46] 37.2 [16.5] 13.8 [7.2] 7,138 [1,621] 5,506 [4,306]

21%–40% (moderate 

disability)/(238)

152 [41] 32.2 [18.8] 17.5 [7.7] 6,998 [1,820] 4,663 [3,623]

41%–60% (severe 

disability)/(133)

128 [40.8] 32.7 [18.4] 19.1 [11.4] 6,616 [1,816] 3,893 [3,595]

61%–80% (crippled 

disability)/(26)

95 [47] 32.0 [28.6] 32.9 [22.4] 6,556 [1,085] 3,452 [4,268]

NA/(42) 144 [60.8] 35.5 [18.7] 17.4 [3.1] 7,078 [2,238] 5,957 [5,754]

Values are descriptive and intended to illustrate cross-domain concordance and discordance; no inferential statistical testing was performed.
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multidomain profiling or subgroup identification. They illustrate 

how self-reported disability and observed functional capacity 

may diverge within a real-world hospital population. Such 

discordance was evident, with some participants reporting 

moderate disability yet exhibiting marked performance deficits, 

while others reported relatively low disability despite clear 

objective impairments. This pattern is consistent with previous 

evidence showing that self-report and performance-based 

measures capture distinct constructs and correlate only weakly 

to moderately in low back pain (9, 25, 26). Together, these 

findings underscore the limitations of single-domain evaluations 

and support the rationale for multidimensional assessment, 

while highlighting the need for future analytic work to formally 

integrate domains.

EHR data provided important contextual information, 

including MRI in 88% of participants and diagnostic coding for 

prevalent conditions such as spinal stenosis and disc herniation. 

These data inform chronicity, comorbidity, and care trajectories 

relevant to disability adjudication but remain susceptible to 

variability in coding and documentation (10, 27, 28). 

Standardized extraction and transparent reporting are therefore 

essential for consistent interpretation of EHR-derived 

information. The longitudinal SMS component further 

demonstrated the feasibility of remote follow-up, enabling 

differentiation between transient and persistent disability 

trajectories, which is relevant for understanding long-term 

symptom patterns rather than for informing benefit or 

rehabilitation decisions (29, 30). The observed pain trajectories 

appeared less favorable than those reported in some previous 

studies (31), suggesting that the cohort represents a population 

with relatively high risk profiles; however, no prognostic 

inferences are drawn from these descriptive data.

This multidomain design exemplifies the multidimensional 

model of functioning articulated in the ICF. Each domain 

contributed unique information: QST captured sensory and 

pain-modulatory impairments; performance tests quantified 

activity-level limitations; PROs represented perceived 

participation and psychosocial factors; and EHR data situated 

these findings within diagnostic and clinical contexts. These 

considerations align with recent calls for multidimensional, ICF- 

consistent assessment frameworks in rehabilitation (20, 32).

In principle, multidomain assessment infrastructures may, if 

supported by future empirical work, contribute to more 

transparent and potentially equitable approaches to disability 

evaluation. Importantly, no administrative, compensation, or 

benefit-related decisions were informed by the data collected in 

this study. However, equity-related outcomes, misclassification, 

and clinical or administrative decision-making were not 

empirically assessed in this feasibility study, and no conclusions 

can be drawn regarding such effects. All applied implications 

discussed here should therefore be regarded as hypothesis- 

generating rather than evidence of demonstrated benefit.

Key strengths of this study include the large, real-world 

cohort, comprehensive coverage of ICF domains, and high data 

completeness. Limitations include the single-center design and 

descriptive nature of the analysis, which preclude conclusions on 

predictive validity or clinical outcomes. The referral-based 

recruitment and absence of a known eligible denominator limit 

inferences about representativeness and generalizability. Patients 

who declined to participate may differ from included 

participants in symptom severity, functional capacity, or 

psychosocial burden, which could in8uence the external validity 

of the findings. The cohort likely re8ects a population with 

more complex or persistent LBP than primary care populations. 

Early kinematic data suffered from tracking losses, though 

protocol refinements markedly improved recording quality. 

Although pose estimation was successfully achieved for most 

participants after calibration finalization, kinematic outcomes 

were not analyzed in this study and should be regarded as 

infrastructural rather than analytically mature. Therefore, they 

were not interpreted as clinically meaningful or inferential in 

the present analyses without further validation. Furthermore, 

performance-based outcomes may be in8uenced by motivation 

or pain behavior, necessitating further validation of ecological 

validity. A software error resulted in missing data for one QST 

variable (temporal summation after the cold pressor test) in 103 

participants, though this did not materially affect 

feasibility conclusions.

Conclusion

This study demonstrates that a comprehensive, multidomain 

assessment of functioning in patients with LBP can be feasibly 

integrated into hospital outpatient care, with high data 

completeness, acceptable time burden, and no serious 

adverse events.

While the present study integrates multiple complementary 

domains of functioning, it does not perform formal 

multidomain profiling or evaluate clinical or administrative 

decision-making. Instead, the findings illustrate how different 

domains may provide concordant or discordant perspectives on 

functioning in a population with complex and persistent LBP. 

These descriptive observations support the rationale for 

multidimensional assessment but should not be interpreted as 

evidence of improved diagnostic accuracy, prognostic 

performance, or equity.

By establishing a harmonized dataset spanning patient- 

reported, performance-based, sensory, kinematic, and clinical 

record domains, this study provides an infrastructure for future 

research on prognosis, subgroup identification, and disability 

evaluation. Further research is needed to determine whether 

multidomain approaches enhance clinical decision-making, 

administrative disability assessment, or equity across 

patient subgroups.

Data availability statement

The raw data supporting the conclusions of this article will be 

made available by the authors, without undue reservation.

Ethics statement

The studies involving humans were approved by Ethical 

Committee of the region of Southern Denmark (J#: S-20220084). 

The studies were conducted in accordance with the local 

Hansen et al.                                                                                                                                                           10.3389/fresc.2026.1731260

Frontiers in Rehabilitation Sciences 07 frontiersin.org

https://doi.org/10.3389/fresc.2026.1731260


legislation and institutional requirements. The participants 

provided their written informed consent to participate in this study.

Author contributions

AH: Writing – review & editing, Writing – original draft. SH: 

Writing – review & editing. CN: Writing – review & editing. KO’S: 

Writing – review & editing. SO’N: Writing – original draft.

Funding

The author(s) declared that financial support was received for 

this work and/or its publication. This work was supported by the 

Region of Southern Denmark [Journal number: A251].

Conflict of interest

The author(s) declared that this work was conducted in the 

absence of any commercial or financial relationships that could 

be construed as a potential con8ict of interest.

Generative AI statement

The author(s) declared that generative AI was used in the 

creation of this manuscript. During the preparation of this 

work, the authors used ChatGPT 5 for language proofreading 

without contributing to the manuscript’s intellectual content. 

After using this tool/service, the authors reviewed and edited the 

content as needed and take full responsibility for the content of 

the publication.

Any alternative text (alt text) provided alongside 

figures in this article has been generated by Frontiers with 

the support of artificial intelligence and reasonable efforts 

have been made to ensure accuracy, including review by the 

authors wherever possible. If you identify any issues, please 

contact us.

Publisher’s note

All claims expressed in this article are solely those of the 

authors and do not necessarily represent those of their affiliated 

organizations, or those of the publisher, the editors and the 

reviewers. Any product that may be evaluated in this article, or 

claim that may be made by its manufacturer, is not guaranteed 

or endorsed by the publisher.

Supplementary material

The Supplementary Material for this article can be found 

online at: https://www.frontiersin.org/articles/10.3389/fresc.2026. 

1731260/full#supplementary-material

References

1. Ferreira ML, de Luca K, Haile LM, Steinmetz JD, Culbreth GT, Cross M, et al. 
Global, regional, and national burden of low back pain, 1990–2020, its attributable 
risk factors, and projections to 2050: a systematic analysis of the global burden of 
disease study 2021. Lancet Rheumatol. (2023) 5(6):e316–29. doi: 10.1016/s2665- 
9913(23)00098-x

2. Hartvigsen J, Hancock MJ, Kongsted A, Louw Q, Ferreira ML, Genevay S, et al. 
What low back pain is and why we need to pay attention. Lancet. (2018) 
391(10137):2356–67. doi: 10.1016/S0140-6736(18)30480-X

3. Bardin LD, King P, Maher CG. Diagnostic triage for low back pain: a practical 
approach for primary care. Med J Aust. (2017) 206(6):268–73. doi: 10.5694/mja16. 
00828

4. Vidal R, Grotle M, Johnsen MB, Yvernay L, Hartvigsen J, Ostelo R, et al. Prediction 
models for outcomes in people with low back pain receiving conservative treatment: a 
systematic review. J Clin Epidemiol. (2025) 177:111593. doi: 10.1016/j.jclinepi.2024. 
111593

5. Fairbank JCT, Pynsent PB. The Oswestry disability index. Spine. (2000) 
25(22):2940–53. doi: 10.1097/00007632-200011150-00017

6. Roland M, Morris R. A study of the natural history of back pain: part I. Spine. 
(1983) 8(2):141–4. doi: 10.1097/00007632-198303000-00004

7. Chiarotto A, Ostelo RW, Boers M, Terwee CB. A systematic review highlights the 
need to investigate the content validity of patient-reported outcome measures for 
physical functioning in patients with low back pain. J Clin Epidemiol. (2018) 
95:73–93. doi: 10.1016/j.jclinepi.2017.11.005

8. World Health Organization. International classification of functioning, disability 
and health: ICF. Geneva: World Health Organization (2001). Available online at: 
https://www.who.int/standards/classifications/international-classification-of-functioning- 
disability-and-health (Accessed September 20, 2025).

9. van Rooij WMJ, Senden R, Heyligers IC, Cuppen PMAH, Hemert WLW, van 
Grimm B. Physical functioning of low back pain patients: perceived physical 
functioning and functional capacity, but not physical activity is affected. Disabil 
Rehabil. (2015) 37(24):2257–63. doi: 10.3109/09638288.2015.1019010

10. Benchimol EI, Smeeth L, Guttmann A, Harron K, Moher D, Petersen I, et al. The 
REporting of studies conducted using observational routinely-collected health data 

(RECORD) statement. PLoS Med. (2015) 12(10):e1001885. doi: 10.1371/journal. 
pmed.1001885

11. Vo NV, Piva SR, Patterson CG, McKernan GP, Zhou L, Bell KM, et al. Toward the 
identification of distinct phenotypes: research protocol for the low back pain 
biological, biomechanical, and behavioral (LB3P) cohort study and the BACPAC 
mechanistic research center at the University of Pittsburgh. Pain Med. (2023) 
24(Supplement_1):S36–47. doi: 10.1093/pm/pnad009

12. Hansen A, Morsø L, Stochkendahl MJ, Andersen MKK, Schiøttz-Christensen B, 
Madsen SD, et al. Demographic and clinical characteristics of patients with low back 
pain in primary and secondary care settings in southern Denmark. Scand J Prim 
Health Care. (2023) 41(2):152–9. doi: 10.1080/02813432.2023.2196548

13. Kent P, Kongsted A, Jensen TS, Albert H, Manniche C, Schiøttz-Christensen B. 
SpineData - a Danish clinical registry of people with chronic back pain. Clin 
Epidemiol. (2015) 7:369–80. doi: 10.2147/CLEP.S83830

14. Herdman M, Gudex C, Lloyd A, Janssen MF, Kind P, Parkin D, et al. 
Development and preliminary testing of the new five-level version of EQ-5D (EQ- 
5D-5L). Qual Life Res. (2011) 20(10):1727–36. doi: 10.1007/s11136-011-9903-x

15. Hay EM, Dunn KM, Hill JC, Lewis M, Mason EE, Konstantinou K, et al. A 
randomised clinical trial of subgrouping and targeted treatment for low back pain 
compared with best current care. The STarT back trial study protocol. BMC 
Musculoskelet Disord. (2008) 9(1). doi: 10.1186/1471-2474-9-58

16. Jensen MP, Turner JA, Romano JM, Fisher LD. Comparative reliability and 
validity of chronic pain intensity measures. Pain. (1999) 83(2):157–62. doi: 10. 
1016/s0304-3959(99)00101-3

17. Bohannon RW. Test-retest reliability of the five-repetition sit-to-stand test: a 
systematic review of the literature involving adults. J Strength Cond Res. (2011) 
25(11):3205–7. doi: 10.1519/JSC.0b013e318234e59f

18. Vargas-Pinilla OC, Rodríguez-Grande EI. Reproducibility and agreement between 
three positions for handgrip assessment. Sci Rep. (2021) 11(1). doi: 10.1038/s41598- 
021-92296-8

19. The Captury. CapturyStudio (version 20.3) [software] (2023). Available online at: 
https://captury.com/ (Accessed September 20, 2025).

Hansen et al.                                                                                                                                                           10.3389/fresc.2026.1731260

Frontiers in Rehabilitation Sciences 08 frontiersin.org

https://www.frontiersin.org/articles/10.3389/fresc.2026.1731260/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fresc.2026.1731260/full#supplementary-material
https://doi.org/10.1016/s2665-9913(23)00098-x
https://doi.org/10.1016/s2665-9913(23)00098-x
https://doi.org/10.1016/S0140-6736(18)30480-X
https://doi.org/10.5694/mja16.00828
https://doi.org/10.5694/mja16.00828
https://doi.org/10.1016/j.jclinepi.2024.111593
https://doi.org/10.1016/j.jclinepi.2024.111593
https://doi.org/10.1097/00007632-200011150-00017
https://doi.org/10.1097/00007632-198303000-00004
https://doi.org/10.1016/j.jclinepi.2017.11.005
https://www.who.int/standards/classifications/international-classification-of-functioning-disability-and-health
https://www.who.int/standards/classifications/international-classification-of-functioning-disability-and-health
https://doi.org/10.3109/09638288.2015.1019010
https://doi.org/10.1371/journal.pmed.1001885
https://doi.org/10.1371/journal.pmed.1001885
https://doi.org/10.1093/pm/pnad009
https://doi.org/10.1080/02813432.2023.2196548
https://doi.org/10.2147/CLEP.S83830
https://doi.org/10.1007/s11136-011-9903-x
https://doi.org/10.1186/1471-2474-9-58
https://doi.org/10.1016/s0304-3959(99)00101-3
https://doi.org/10.1016/s0304-3959(99)00101-3
https://doi.org/10.1519/JSC.0b013e318234e59f
https://doi.org/10.1038/s41598-021-92296-8
https://doi.org/10.1038/s41598-021-92296-8
https://captury.com/
https://doi.org/10.3389/fresc.2026.1731260


20. Nijs J, Kosek E, Chiarotto A, Cook C, Danneels LA, Fernández-de-las-Peñas C, 
et al. Nociceptive, neuropathic, or nociplastic low back pain? The low back pain 
phenotyping (BACPAP) consortium’s international and multidisciplinary 
consensus recommendations. Lancet Rheumatol. (2024) 6:e178–88. doi: 10.1016/ 
s2665-9913(23)00324-7

21. O’Neill S, Nim CG, Chang NHS. Validation of a spring loaded probe for single and 
repeat pressure pain testing, including public domain specifications for design and 
manufacture. PLoS One. (2024) 19(1):e0292809. doi: 10.1371/journal.pone.0292809

22. Tein JY, Coxe S, Cham H. Statistical power to detect the correct number of classes 
in latent profile analysis. Struct Equ Modeling. (2013) 20(4):640–57. doi: 10.1080/ 
10705511.2013.824781

23. Bohannon RW, Wang YC, Gershon RC. Two-minute walk test performance by 
adults 18 to 85 years: normative values, reliability, and responsiveness. Arch Phys 
Med Rehabil. (2015) 96(3):472–7. doi: 10.1016/j.apmr.2014.10.006

24. Bohannon RW. Reference values for the five-repetition sit-to-stand test: a 
descriptive meta-analysis of data from elders. Percept Mot Skills. (2006) 
103(1):215–22. doi: 10.2466/pms.103.1.215-222

25. Wand BM, Chiffelle LA, O’Connell NE, McAuley JH, DeSouza LH. Self-reported 
assessment of disability and performance-based assessment of disability are 
in8uenced by different patient characteristics in acute low back pain. Eur Spine J. 
(2009) 19(4):633–40. doi: 10.1007/s00586-009-1180-9

26. Schiphorst Preuper HR, Reneman MF, Boonstra AM, Dijkstra PU, Versteegen GJ, 
Geertzen JHB, et al. Relationship between psychological factors and performance- 

based and self-reported disability in chronic low back pain. Eur Spine J. (2008) 
17(11):1448–56. doi: 10.1007/s00586-008-0772-0

27. Casey JA, Schwartz BS, Stewart WF, Adler NE. Using electronic health 
records for population health research: a review of methods and applications. 
Annu Rev Public Health. (2016) 37(1):61–81. doi: 10.1146/annurev-publhealth- 
032315-021353

28. Pathak J, Bailey KR, Beebe CE, Bethard S, Carrell DS, Chen PJ, et al. 
Normalization and standardization of electronic health records for high- 
throughput phenotyping: the SHARPn consortium. J Am Med Inform Assoc. 
(2013) 20(e2):e341–8. doi: 10.1136/amiajnl-2013-001939

29. Burström L, Jonsson H, Björ B, Hjalmarsson U, Nilsson T, Reuterwall C, et al. 
Daily text messages used as a method for assessing low back pain among workers. 
J Clin Epidemiol. (2016) 70:45–51. doi: 10.1016/j.jclinepi.2015.08.011

30. Kongsted A, Jensen TS, Doktor K, Hestbæk L. Effects of weekly pain monitoring 
on back pain outcomes: a non-randomised controlled study. Chiropr Man Therap. 
(2021) 29(1). doi: 10.1186/s12998-021-00393-2

31. Kongsted A, Kent P, Axen I, Downie AS, Dunn KM. What have we learned from 
ten years of trajectory research in low back pain? BMC Musculoskelet Disord. (2016) 
17(1). doi: 10.1186/s12891-016-1071-2

32. Gikaro JM, Zhu ZY, Shan HH, Liu SG, Lin F. Simplified functioning assessment 
for low back pain: ICF-based item response theory modelling. Eur J Phys Rehabil 
Med. (2024) 59(6). doi: 10.23736/S1973-9087.23.08003-6

Hansen et al.                                                                                                                                                           10.3389/fresc.2026.1731260

Frontiers in Rehabilitation Sciences 09 frontiersin.org

https://doi.org/10.1016/s2665-9913(23)00324-7
https://doi.org/10.1016/s2665-9913(23)00324-7
https://doi.org/10.1371/journal.pone.0292809
https://doi.org/10.1080/10705511.2013.824781
https://doi.org/10.1080/10705511.2013.824781
https://doi.org/10.1016/j.apmr.2014.10.006
https://doi.org/10.2466/pms.103.1.215-222
https://doi.org/10.1007/s00586-009-1180-9
https://doi.org/10.1007/s00586-008-0772-0
https://doi.org/10.1146/annurev-publhealth-032315-021353
https://doi.org/10.1146/annurev-publhealth-032315-021353
https://doi.org/10.1136/amiajnl-2013-001939
https://doi.org/10.1016/j.jclinepi.2015.08.011
https://doi.org/10.1186/s12998-021-00393-2
https://doi.org/10.1186/s12891-016-1071-2
https://doi.org/10.23736/S1973-9087.23.08003-6
https://doi.org/10.3389/fresc.2026.1731260

	Integrated disability evaluation in low back pain: feasibility and multidomain profiling from the EL DORADO cohort
	Introduction
	Methods
	Study design
	Eligibility criteria and recruitment
	Eligibility criteria
	Recruitment

	Data sources and management
	Patient-reported outcomes
	Text message follow-up
	Performance-based measures
	Functional capacity assessments
	Kinematic assessments
	Quantitative sensory testing
	Electronic health record data
	Sample size and statistical analyses
	Interim feasibility assessment

	Results
	Discussion
	Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Conflict of interest
	Generative AI statement
	Publisher's note
	Supplementary material
	References


