
 



1. STUDY OVERVIEW       

Background and rationale  

A frequent cause of acute low back pain with radiating leg pain is lumbar disc herniation (LDH) [1]. The diagnosis of 

lumbar disc herniation with radiculopathy is based on history and physical examination. Muscle 

testing, sensory testing, test of reflexes, straight leg raising test, Lasegue sign and crossed straight leg raising tests are 

commonly used. To confirm the diagnosis or in cases of clinical disagreement Magnetic Resonance Imaging (MRI) is 

recommended [1, 2]. However, intervertebral disc herniations and protrusions are also frequently found on MRI in 

asymptomatic patients [3, 4]. 

 

Quantitative Sensory Pain Testing (QST) is a well-defined psychophysical method that standardizes a potentially painful 

stimulus and quantifies the pain response from the test subject, making it possible to investigate pain processing [5, 6]. 

 

Only few studies have investigated the clinical value of (QST) responses in patients with low back pain [7] and it has not 

yet been shown if the pain sensitivity is different at the level of disc herniation. 

Objectives  

The aim of this study is to investigate whether the segmental level of disc herniation correlates with pain thresholds in 

patients with lumbar disc herniation. The hypothesis is that the lowest pain threshold is at the affected level.  

The specific objective is to investigate whether patients are sensitized at the level of disc herniation when examined by 

quantitative sensory testing, in terms of pressure pain and heat pain sensitivity.  

Methods  

The data from the present study were part of a prospective, 4-year observational study of patients with sciatica due to 

lumbar disc herniation. This study will be based on data from the baseline examination. 

 

 

PICOTS 

Population:  

Patients were consecutively recruited between November 2018 and January 2021 from three different hospitals in 

Denmark; a) The Spine Center of Southern Denmark at Lillebaelt University Hospital, b) The Department of Neurosurgery 

at Odense University Hospital and c) The Department of Rheumatology at Frederiksberg Hospital. 

Participants were thus all patients recruited in a hospital setting on referral from primary sector.   

Inclusion criteria were 18+ years of age and legally competent, fluent in Danish (written and spoken), an MRI-verified disc 

herniation in the lumbar spine, complained of low back pain radiating below the knee or anterior thigh pain in one or 

both legs, pain distribution was of a dermatomal pattern, the reported average pain intensity was 3 or more on a 

Numerical Rating Scale (0-10 NRS), no history of previous spine surgery, surgery in general in the past 4 months, no 

current use of anticoagulants and/or confounding diagnoses e.g. lumbar spinal stenosis, local muscle trauma, cancer 

metastases, fibromyalgia and neuropathy. 

Exposure:  

Distance from segmental level of disc herniation: Clinical and MRI verified symptomatic level of disc herniation is labeled 

0, the segmental level above and under is labeled +1 and so forth.  

Outcomes: 

QST measurements: Pressure Pain Threshold, kPa (PPT) and Heat Pain Threshold, °C (HPT). 

Study design:  

Observational cross-sectional study. 

 

Further statistical details 

Power considerations:  

The current sample size had been estimated, based on previous experience and publications in the fields of QST. We had 

enlisted the assistance of a bio-statistician from the Institute of Regional Health Service Research. Since the project’s 

main objective was to investigate predictor variables, there would be no hypothesis testing, and therefore no statistical 

basis for a power calculation. The sample size would suffice to demonstrate a statistically significant correlation at a level 

deemed too also be clinically relevant. The sample size was also in accordance with the previous literature in the field. 

Framework:  
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This is an observational study assessing if patients are sensitized at the level of disc herniation when examined by QST. 

The data from the present study is part of a prospective, 4-year observational study of patients with sciatica due to 

lumbar disc herniation. 

Timing of final analysis: The statistical analyses are expected to be initiated when this statistical analysis plan has been 

finalized and signed. 

Timing of outcome assessment: (see next section) 

Confidence intervals and P values: All 95% confidence intervals and P-values will be two-sided. 

Multiplicity: No explicit adjustments but hierarchical testing of primary and secondary analyses as indicated by the order 

in the outline (Figure 2 is primary). 

Statistical software: R version 4.2.2 (or newer). 

 

2. TABULAR PRESENTATION OF TIMING OF OUTCOME MEASUREMENTS    

At the first visit, the participants were assessed for eligibility to participate in the study. At this visit, the segmental level 

of disc herniation was recorded in the participants hospital journals and verified by MRI. Later, the participants were 

invited to a baseline visit, where all other data for this study was collected. 

 

 First visit 

(assessment for 

eligibility) 

Second visit 

(baseline) 

Variables   

Segmental level of disc herniation (diagnose) X  

Pressure Pain Threshold, kPa  X 

Thermal Pain Threshold, °C  X 

Patient-reported outcomes   X 

 

3. OUTCOMES AND DATA     

Data management: 

 

In general for both Pressure Pain Threshold and Thermal Pain Threshold: 

Initially, 5 test-sites were marked with a black felt-tip pen in the lumbar region. Patients identified the most painful 

side (right/left) and the markings were made 2 cm lateral of the spinous process of L1-L5 identified by palpation. 

 

For each stimuli (heat and pressure) we performed the QST tests twice at each test-site. The average of the two 

measurements at each test-site were used for further analysis. The test order of lumbar test sites was determined 

a-priori as a computer-generated randomized order for each participant. 

 

Pressure Pain Threshold:  

Pressure was applied manually with a Somedic algometer type II (Hörby, Sweden, 1 cm2 probe) on the marked 

test-sites, with a near-constant increase in pressure of 50 kPa/s until the participant indicated the pressure 

becoming painful by pressing an indicator button connected to the algometer. 

 

Thermal Pain Threshold: 

With a Medoc TSA-II thermode stimulator the heat pain threshold was measured on the marked test sites. The 

thermode stimulator had a baseline temperature of 32°C and increased 1°C/s. The patient indicated when the 

stimulus was perceived as becoming painful by pressing an indicator button, upon which the temperature 

returned to baseline (decrease 10°C/s). 

 



Patient-Reported Outcomes: 

 

Age 
Sex 
Height 
Weight 
Back pain intensity 
Leg pain intensity 
Previous pain 
Use of pain medication 
Physical activity 
Alcohol status 
Work status 
Sick leave 
 

Roland-Morris Questionnaire: Assessment of physical disability due to low-back pain. 

EQ-5D Questionnaire: Assessment of health-related quality of life. 

PainDetect Questionnaire: Assessment of pain and neuropathic components. 

 

Pain drawing: A pain drawing, was filled out by pen-on-paper. This was transformed to a digital PDF, where the 

total area of pain was calculated as number of pixels. 

 

Segmental level of disc herniation (diagnose) 

As recorded in the participants hospital journal and verified by MRI. 

 

Data validation: 

All variables used in the analyses, will be checked for missing values, outliers and inconsistencies.  

 

 

4. PROTOCOL DEVIATIONS WITH BEARING ON THIS STATISTICAL ANALYSIS PLAN   

The following details in this SAP represent deviations from the trial protocol. 

Header in the protocol Change Reason 

(currently no deviations)   

   

 

5. OUTLINE        

The anticipated (predefined) outline of the manuscript is illustrated below.  

 

Results that only will be presented in the manuscript text include: 

 Number of participants included from Frederiksberg, Odense and Middelfart, respectively. 

 Days on sick leave among those currently on sick leave. 

 Duration of pain medication intake in days among those currently using pain medication. 

 Further detailed results from the regression models visualized in figure 2 and 3. 
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Figure 1. Flow diagram 

Anticipated plot design, illustrating potential reasons for exclusion: 

 

  



 

Table 1. Patient characteristics 

Characteristics   Total 
(n= ) 

Demographics    
Age, years 
Female, n(%) 
Body Mass Index, kg/m2 

Back pain intensity, NRS (0-10) 
Leg pain intensity, NRS (0-10) 
Previous pain, n(%) 
Use of pain medication, n(%) 
Physical activity: 
     Inactive, n(%) 
     Low-impact physical activity ≥ 4 hours/week, n(%) 
     High-impact physical activity ≥ 3 hours/week, n(%) 
     Don’t know, n(%) 
Smoking status: 
     No, I don't smoke cigarettes, n(%) 
     Yes, I smoke cigarettes only occasionally, n(%) 
     Yes, I smoke 1 to 4 cigarettes per day, n(%) 
     Yes, I smoke 5 to 14 cigarettes per day, n(%) 
     Yes, I smoke 15 to 24 cigarettes per day, n(%) 
     Yes, I smoke 25 or more cigarettes per day, n(%) 

         Don’t know, n(%) 
Alcohol status, units per week: 
     0, n(%) 
     1-7, n(%) 
     8-14, n(%) 
     15 or more, n(%) 
     Don't know, n(%) 

  Work status: 
        Employed (eg. ordinary job, studying), n(%) 
        Unemployed (eg. Senior or early retirement 
pension), n(%) 
        Don’t know, n(%) 
  Sick leave, n(%) 

 
Questionnaires 

Roland-Morris Questionnaire 
EQ5D-3L, index score 
EQ5D-3L, VAS (0-100) 
PainDetect Questionnaire: 
     Score ≥ 18, n(%) 
     Score 13-18, n(%) 
     Score <13, n(%) 
 
Pain drawing 
  Pain drawing, pixels  
 
Segmental level of disc herniation (diagnose) 
  L1, n(%) 
  L2, n(%) 
  L3, n(%) 
  L4, n(%) 
  L5, n(%) 
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Further statistical information related to table 1: 

Data will be presented as mean with standard deviation (SD) when normally distributed or as median with 

interquartile range in case of non-parametric data. Dichotomous and categorical data will be presented in 

proportions and/or frequency/count. Normality of the data will be assessed using Q-Q plots, and histograms. 

 

Table 2. Quantitative Sensory Testing outcome measurents 

 Segment n Mean 
(SD) 

Outcome    

Pressure Pain Threshold All   

               L1   

 L2   

        L3   

 L4   

 L5   

Heat Pain Threshold All   

               L1   

 L2   

        L3   

 L4   

 L5   

 

 

Further statistical information related to table 2: 

Data will be presented as mean with standard deviation (SD) when normally distributed or as median with 

interquartile range in case of non-parametric data. Normality of the data will be assessed using Q-Q plots, and 

histograms. 

 

Figure 2: The association between the distance from the segmental level of disc herniation and pressure pain 

sensitivity (panel A) and heat pain sensitivity (panel B). 
 

 
Values are least-squares means from a linear mixed models including the participant as random effect, distance from symptomatic 

disc herniation (5 levels; 0, 1, 2, 3, 4 segments) as fixed effect, as well as the value at 0 segments as covariate. Missing data for a 

specific distance will be handled implicitly by the repeated measures mixed linear models, assuming data missing at random (MAR). 

Error bars will indicate standard errors. 

 



Assumptions will be checked by visual inspection of residual plots assessing the normality of residuals. In case the distributional 

assumptions do not hold, we will use an appropriate transformation (e.g., log-transformation in the case of right-skewed data and 

report the results as geometric means and geometric mean ratios), and/or, use non-parametric methods. 

 

 

 

 

Figure 3: The association between the distance from the segmental level of disc herniation and pressure pain 

sensitivity (panel A) and heat pain sensitivity (panel B), stratified by site of symptomatic disc herniation. 

  
Values are least-squares means from a linear mixed models including the participant as random effect, distance from symptomatic 

disc herniation (5 levels; 0, 1, 2, 3, 4 segments) and site of symptomatic disc herniation (5 levels, L1, L2, L3, L4, L5) as fixed effects, 

their interaction, as well as the value at 0 segments as covariate. Missing data for a specific distance will be handled implicitly by the 

repeated measures mixed linear models, assuming data missing at random (MAR). 

Error bars will indicate standard errors. 

 

 

 

 

SUPPLEMENTARY MATERIAL 

The anticipated (predefined) supplementary material of the manuscript is illustrated below.  

 

Supplementary file 1. This SAP 
 

Supplementary Table 1. Patient characteristics by site of symptomatic disc herniation 

Characteristics L1 
(n= ) 

L2 
(n= ) 

L3 
(n= ) 

L4 
(n= ) 

L5 
(n= ) 

Demographics      
Age, years 
Female, n(%) 
Body Mass Index, kg/m2 

(…etc. as shown in Table 1) 

     

 

In case of small number of participants for some sites of symptomatic disc herniation, these will be merged with a neighbouring site 

(e.g., merging L4 and L5). 
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7. SAP REPORTING GUIDELINE      

This SAP has been reported according to the items recommended by the DEBATE guideline for statistical analysis 
plans for observational studies [8] adapted from Gamble et al. [9]. 
 

Table A. Recommended content of statistical analysis plans for observational studies 
Section/Item Index Description Location in this SAP  

Section 1: Administrative Information  

Title and trial registration 1a Descriptive title that matches the protocol, with SAP either as a forerunner 
or subtitle, and study acronym 

Front page  

1b Study registration number Front page  

SAP version 2 SAP version number with dates Front page  

Protocol version 3 Reference to version of protocol being used Front page  

SAP revisions 4a SAP revision history Front page  

4b Justification for each SAP revision Front page  

4c Timing of SAP revisions in relation to planned repetitive analyses Front page  

Roles and responsibility 5 Names, affiliations, and roles of SAP contributors Front page  

Signatures of: 6a Person writing the SAP Front page  

6b Senior statistician responsible Front page  

6c Chief investigator/clinical lead Front page  

Section 2: Introduction     

Background and rationale 7 Synopsis of study background and rationale including a brief description of 
research question and brief justification for undertaking the study 

1. Study overview  

Objectives 8 Description of specific objectives and hypotheses, including secondary 
objectives 

1. Study overview  

Section 3: Study Methods     

Study design 9 Brief description of study design including type of study (e.g. case-control, 
cross-sectional or cohort study) 

1. Study overview  

Power considerations 10 In case of an unspecified sample size, provide power calculations for (at 
least) the primary analysis or present a detectable difference with a 
specified power 

1. Study overview  

Framework 11 Superiority, equivalence, or noninferiority hypothesis testing framework, 
including which comparisons will be presented on this basis 

1. Study overview   

Statistical interim 
analyses and stopping 
guidance 

12a Information on repetitive analyses specifying what repetitive analyses will 
be carried out and listing of time points 

1. Study overview  

12b Any planned adjustment of the significance level due to repetitive analyses 1. Study overview  

12c Details of guidelines for stopping the study early -  

Timing of final analysis 13 Timing of final analysis, e.g., all outcomes analysed collectively or timing 
stratified by planned length of follow-up 

-  

Timing of outcome 
assessments 

14 Time points at which the outcomes are measured including visit “windows” 2. Tabular presentation 
of timing of outcome 
measurements 

 

Section 4: Statistical Principles  

Confidence intervals and 
P values 

15 Level of statistical significance 1. Study overview  

16 Description and rationale for any adjustment for multiplicity and, if so, 
detailing how the type 1 error is to be controlled 

1. Study overview  

17 Confidence intervals to be reported 1. Study overview  

Adherence and protocol 
deviations 

18a Definition of protocol deviations for the study 4. Protocol deviations 
with bearing on this 
statistical analysis plan 

 

18b Description of which protocol deviations will be summarized 4. Protocol deviations 
with bearing on this 
statistical analysis plan 

 

 

 

Analysis populations 19 Definition of analysis populations, eg, intention to treat, per protocol, 
complete case, safety 

5. Outline (for each table 
and figure)  
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Section 5: Study 
Population 

    

Screening data 20 Reporting of screening data (if collected) to describe representativeness of 
trial sample 

-  

Eligibility 21 Summary of eligibility criteria 1. Study overview  

Recruitment 22 Information to be included in the STROBE flow diagram 5. Outline (Figure 1)  

Withdrawal/follow-up 23a Level of withdrawal, e.g., dropouts after inclusion or refusal to be contacted 
for additional information 

5. Outline (Figure 1)  

23b Timing of withdrawal/lost to follow-up data 5. Outline (Figure 1)  

23c Reasons and details of how withdrawal/lost to follow-up data will be 
presented 

5. Outline (Figure 1)  

Baseline patient 
characteristics 

24a List of baseline characteristics to be summarized 5. Outline (Table 1)  

 24b Details of how baseline characteristics will be descriptively summarized 5. Outline (Table 1)  

Potential confounding 
covariates 

25 A description of potential confounding covariates and how these will be 
dealt with 

-  

Section 6: Analysis     

Outcome definitions  List and describe each primary and secondary outcome including details of:   

26a Specification of outcomes and timings. If applicable include the order of 
importance of primary or key secondary endpoints (e.g., order in which 
they will be tested) 

5. Outline (mainly Table 
2)  

26b Specific measurement and units (e.g., glucose control, HbA1c [mmol/mol or 
%]) 

5. Outline (Table 2)  

26c Any calculation or transformation used to derive the outcome (e.g., change 
from baseline, QoL score, time to event, logarithm, etc) 

5. Outline, and 3. 
Outcomes and data  

Analysis methods 27a What analysis method will be used and how the treatment effects will be 
presented 

5. Outline  

27b Any adjustment for covariates 5. Outline  

27c Methods used for assumptions to be checked for statistical methods 5. Outline  

27d Details of alternative methods to be used if distributional assumptions do 
not hold, eg, normality, proportional hazards, etc 

5. Outline  

27e Any planned sensitivity analyses for each outcome where applicable 5. Outline  

27f Any planned subgroup analyses for each outcome including how subgroups 
are defined 

5. Outline  

Missing data 28 Reporting and assumptions/statistical methods to handle missing data 
(e.g., multiple imputation) 

5. Outline  

Additional analyses 29 Details of any additional statistical analyses required, eg, complier-average 
causal effect analysis 

5. Outline  

Harms 30 Only applies when intervention effects are studied. Sufficient detail on 
summarizing safety data, e.g. information on severity, expectedness, and 
associations; details of how adverse events are scored; how adverse event 
data will be analysed and the follow-up time. 

- 
 

Statistical software 31 Details of statistical packages to be used to carry out analyses 1. Study overview  

References 32a References to be provided for nonstandard statistical methods 6. References  

32b Reference to Data Management Plan -  

32c Reference to the Study Master File and Statistical Master File -  

32d Reference to other standard operating procedures or documents to be 
adhered to 

-  

Abbreviations: STROBE, STrengthening the Reporting of OBservational studies in Epidemiology; HbA1c, hemoglobin A1c; QoL, quality 

of life; SAP, statistical analysis plan. 

 


