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ABSTRACT 

Purpose: Pain and sensory disturbances are common side effects of breast cancer treatment. 

Differential somatosensory functioning may reflect distinct pathophysiological backgrounds 

and therapeutic needs. Aim was to examine whether questionnaires evaluating signs and 

symptoms related to somatosensory functioning correlate sufficiently with quantitative sensory 

testing (QST) in breast cancer survivors to warrant consideration for somatosensory profiling 

in clinical practice. 

 

Methods: One year after breast cancer surgery, 147 women underwent QST and completed 

following questionnaires: Douleur Neuropathique en 4 questions (DN4), Central Sensitization 

Inventory, Margolis Pain Diagram and Visual Analog Scales (VAS). Associations between the 

questionnaires and QST were evaluated using Spearman correlation coefficients (rs). 

 

Results: Significant but weak (rs<0.30) correlations were found between total DN4 score and 

QST results at the inner upper arm for detection of sharp stimuli (rs=0.227), cold stimuli (rs=-

0.186), and painful heat stimuli (rs=0.179), as well as between QST evaluating conditioned 

pain modulation and the Margolis Pain Diagram on one hand (rs=0.176) and minimum-

maximum pain intensity differences (VAS) on the other (rs=-0.170).  

 

Conclusion: Questionnaires evaluating signs and symptoms related to somatosensory 

functioning are insufficient for somatosensory profiling. Although somatosensory profiling may 

be valuable in a mechanism-based management, more research on the most appropriate 

clinical tools is needed. 
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INTRODUCTION 

Persistent pain and sensory disturbances are frequent side effects of treatment for breast 

cancer.1, 2 One to two years after breast cancer surgery, approximately 31% of survivors report 

pain.1 Given the importance of mechanism-based patient-centered care, clinicians should be 

able to recognize that some patients’ pain or sensory experiences include a component of 

altered somatosensory processing as a significant contributor to their complaint. Recognizing 

altered somatosensory nervous system functioning is essential for understanding that person’s 

unique presentation and appropriately addressing the patient’s complaint.3, 4  

 

The most commonly used method to quantify somatosensory functioning is quantitative 

sensory testing (QST).5, 6 QST is an umbrella term for non-invasive assessment techniques 

evaluating the different qualities of the somatosensory nervous system by administering 

standardized objective stimuli and quantifying the self-reported sensory experience.7 Through 

QST the function of small unmyelinated C fibers, myelinated A-alpha, A-beta and A-delta 

fibers, as well as corresponding central pathways can be evaluated for both loss and gain of 

function.8 Grouping or stratifying patients according to loss or gain of their afferent function, so 

called somatosensory profiles, may offer indirect insights into underlying mechanisms of 

pathophysiology or mechanisms of pain generation and is consequently often used.9, 10 In 

breast cancer survivors with persistent pain in the surgical area, somatosensory profiles 

including both loss and gain of function for mechanical and thermal stimuli were identified in 

the surgical area.11 Other studies evaluating somatosensory functioning in the same population 

also report both local somatosensory loss as well as gain of function.12-14 The breast as well 

as the intercostobrachial and intercostal nerve innervation areas are neuroanatomically 

susceptible regions for somatosensory disturbances following breast cancer surgery and 

adjuvant treatments.15 Although somatosensory loss may be triggered by local disturbances in 

the functioning of afferent neurons, somatosensory gain can be caused by both local 

disturbances in peripheral afferent neurons (peripheral sensitization) as well as augmentation 

of responsiveness of central neurons to sensory input and impaired inhibition of nociception, a 

phenomenon called central sensitization.16, 17 

 

Advanced QST protocols may provide insight into an individual’s central somatosensory 

processing. First, conditioned pain modulation (CPM) explores the physiological phenomenon 

that noxious stimuli exert inhibitory effects over subsequent noxious stimuli (diffuse noxious 

inhibitory control) and is, as such, a way of evaluating the anti-nociceptive or inhibitory activity 

of the central nervous system.18, 19 Second, temporal summation (TS) is related to "wind-up" 

of repeated nociceptive input to the central nervous system, in which the neuronal output 

increases with successive stimuli.20 When somatosensory processing is altered, wind-up is 



exaggerated in amplitude and duration.21 Besides CPM and TS protocols, assessing pain 

thresholds at an area distant from the breast surgery may also provide more information on 

the extra segmental spreading of sensitization. In the case of altered central somatosensory 

processing, increased sensitivity often extends beyond the innervation area of a peripheral 

nerve.20, 22 Altered central somatosensory processing has already been identified in breast 

cancer survivors with persistent pain.13, 14, 23   

 

Even though QST may provide more information on the neuronal mechanisms underlying 

altered somatosensory functioning, it has its limitations for clinical practice in terms of costly 

equipment, time-consuming procedures and need for protocol-specific normative data to 

interpret and/or compare QST results.7 To our knowledge, there are a number of 

questionnaires available that evaluate sensory signs and symptoms related to (altered) 

somatosensory functioning. First, the Douleur Neuropathique en 4 Questions (DN4), is a 

screening questionnaire that incorporates descriptors of sensory symptoms as well as an 

examination component to test for sensory loss and allodynia.24 Originally the questionnaire 

was developed to evaluate whether pain is likely to be a consequence of a lesion or disease 

of the peripheral somatosensory nervous system, so called neuropathic pain.25 Since this 

questionnaire captures different pain descriptors and qualities, it can also be used to 

characterize sensory disturbances more broadly.26 However, the relationship between DN4 

score and QST results has not yet been investigated.  

Second, the Central Sensitization Inventory (CSI), is a self-reported questionnaire of health 

symptoms that may be related to altered central somatosensory processing.27 The association 

between the CSI and QST methods to evaluate central somatosensory processing has only 

been explored in non-cancer populations. Studies expected a strong relationship between the 

CSI score and QST methods such as CPM, TS and pain thresholds at more remote sites. 

However, results varied from weak to moderate associations.28-33 

Furthermore, a widespread or increased spatial distribution of symptoms as well as a 

disproportionate pattern of pain provocation are clinical features described as indicators of 

altered central somatosensory processing.34 Spatial distribution of symptoms can be easily 

evaluated by the Margolis Pain Diagram by calculating the percentage pain surface area.35 A 

Visual Analog Scale (VAS) may be used to evaluate the pattern of pain provocation. A 

disproportionate pain pattern is characterized by a higher mean pain intensity and a smaller 

variance between minimum and maximum pain intensity scores.3 However, associations 

between these questionnaires and QST methods for evaluating central somatosensory 

processing have not yet been examined in women treated for breast cancer. 

 



The aim of the current study was to examine whether questionnaires correlate sufficiently with 

QST to warrant consideration for use in somatosensory profiling in women treated for breast 

cancer. Exploring these associations is a preliminary step toward validating clinical tools for 

somatosensory profiling. If questionnaires show acceptable associations with QST, as 

standard for evaluating somatosensory functioning, they may help clinicians in identifying 

altered somatosensory processing in breast cancer survivors, potentially improving the 

management of persistent pain and sensory disturbances in this population. 

 

METHODS 

The study was reported following the COSMIN guidelines36 and approved by the Ethical 

Committee of the University Hospitals Leuven (s60702). All participants gave written informed 

consent prior to their enrollment. 

 

Study design 

In this cross-sectional study, the results of QST (as proxy for evaluating somatosensory 

functioning) were compared with items from the following questionnaires: DN4, CSI, Margolis 

Pain Diagram and VAS. An overview of the questionnaires and the QST protocol is given in 

table 1 and table 2, respectively.  

 

Participants 

All participants were consecutively recruited from a cohort of women participating in a larger 

randomized controlled trial examining the effectiveness of pain neuroscience education on 

pain, physical, emotional and work-related functioning after breast cancer surgery (named 

EduCan trial, NCT03351075)37 at the Multidisciplinary Breast Center of the University 

Hospitals of Leuven between November 2018 and February 2021. To be eligible for inclusion, 

women aged 18 years or older had to have received surgery for unilateral breast cancer at 

least one year earlier. The surgical procedures included breast conserving surgery with axillary 

lymph node dissection or mastectomy (whether or not in combination with reconstructive 

surgery) with axillary lymph node dissection or sentinel node biopsy. Exclusion criteria are 

corresponding to those of the EduCan trial including metastatic disease, breast conserving 

surgery with sentinel lymph node biopsy or unable to speak and write Dutch. 

 

Procedure 

The DN4, Margolis Pain Diagram and VAS were administered by one of two researchers (LD 

or EVDG) during the same consultation that QST was performed. The CSI was completed by 

the participants themselves at home, either electronically via the digital patient record or paper 



form, one week before or after QST. In the context of the EduCan trial, questionnaires 

(including the CSI) were completed by the participants outside the consultation in the hospital.  

 

Suggestion to insert Table 1 and Figure 1 here. 

 

Quantitative sensory testing 

QST was performed by one of two researchers (LD or EVDG) in a quiet room with an 

approximate temperature between 21°C and 23°C. For each QST method, standardized test 

instructions were given prior to testing. Participants were placed in a sitting position, with the 

lower arms supported by a table.  

 

Nine different QST methods were included in the QST protocol. In general, the protocol was 

applied according to the standardized QST protocol of the German Research Network on 

Neuropathic Pain (DFNS).5 See table 2 for a comprehensive overview of all QST methods of 

the QST protocol. Absolute and relative inter- and intra-rater reliability of the applied protocol 

had been previously evaluated in a population of women at least six months after surgery for 

breast cancer.46 The QST protocol was found to have a good ability to determine differences 

in somatosensory functioning (apart from measurement error) between women treated for 

breast cancer (relative reliability) and to be suitable for individual follow-up after breast cancer 

surgery (absolute reliability), except for the evaluation of CPM.46  

 

Suggestion to insert Table 2 and Figure 2 here. 

 

Data analysis 

Statistical analyses were performed using IBM SPSS Statistics for Windows version 27.0. 

Descriptive statistics for continuous values are presented as mean and standard deviation 

(SD) for normally distributed data and median and interquartile range (IQR) for not normally 

distributed data. Categorical variables are presented as frequency and proportion (%). If more 

than 20% of questionnaire items were not completed, data was considered as missing.  

 

Correlations between the questionnaires on the one hand and somatosensory functioning 

evaluated with different QST methods on the other hand were tested using Spearman 

correlation coefficients (rs) for non-parametric variables (ordinal data). Tables 3 and 4 give a 

detailed overview of the hypotheses and their rationale. If available, the rationale was based 

on literature. The correlation coefficients were interpreted as follows: <0.3 weak, 0.3-0.5 

moderate, 0.5-0.7 good and >0.7 very good.50 

 



RESULTS 

Participants  

A total of 147 women treated for breast cancer with a mean (SD) age of 57 (11.3) were included 

in the present study. Two participants did not complete thermal testing at the affected trunk 

side because of fear of unpleasant tingling in the operative region previously experienced with 

QST. Data for the CSI were lacking for three participants because of the high number of 

incomplete items. Only the incomplete data, not the entire dataset, was omitted from the 

analysis for participants with incomplete data for thermal testing or CSI. Pain medication was 

used by 21% of participants (31/147) 24 hours before QST assessment, although this had no 

significant impact on the study's outcomes. Patient characteristics and details of scores on the 

different questionnaires and QST are summarized in table 5 and 6. 

 

Associations between DN4 and QST evaluating local somatosensory functioning 

Results of correlation analyses of the different items of the DN4 with QST in the innervation 

region of the intercostobrachial (ICB) nerve are presented in table 3. Three significant weak 

correlations were found between the total DN4 score and QST results at the inner upper arm 

for the detection of sharp stimuli (MDT rs = 0.227, p<0.05), for the detection of cold stimuli 

(CDT rs = -0.186, p<0.05) and for the detection of painful heat stimuli (HPT rs = 0.179, p<0.05). 

These results indicate that a higher DN4 score is associated with decreased sensitivity for 

sharp and cold stimuli as well as for painful heat stimulation in the innervation area of the ICB 

nerve.  

 

Associations between CSI, Margolis Pain Diagram, VAS and QST evaluating central 

somatosensory functioning 

Results of correlation analyses of the CSI, Margolis Pain Diagram (PPSA) and VAS (VAS 

mean or average pain intensity and VAS diff or difference between maximum and minimum 

pain intensity) with QST evaluating pain thresholds at a remote body region, CPM and TS are 

presented in table 4. Regarding CPM, significant but weak correlations were found between 

PPSA and VAS diff (PPSA – CPMmean rs = 0.176, p<0.05, VAS diff – CPM10s, rs = -0.170, 

p<0.05). These results suggest that increased spatial distribution of pain as well as a 

disproportionate nature of pain intensity are associated with altered central somatosensory 

processing. 

 

 

 

 

 



DISCUSSION 

The aim of the current study was to examine whether the self-reported questionnaires DN4, 

CSI, Margolis Pain Diagram and VAS correlate sufficiently with QST to warrant consideration 

for use in somatosensory profiling in women following surgery for breast cancer. Easily 

applicable clinical measurement tools could help stratifying breast cancer survivors based on 

somatosensory profile in daily clinical practice enhancing the mechanism-based, patient-

centered management of pain and sensory disturbances after treatment for breast cancer. 

However, no clear associations between the questionnaires and QST could be identified in the 

present study. 

 

Based on previous studies regarding somatosensory functioning in breast cancer survivors 

with persistent pain in the surgical area11-14, it was hypothesized that scores on the DN4 would 

be associated with both sensory loss and gain in the surgical area. However, in the current 

study only weak significant associations with sensory loss were found. As part of a validity 

study of the Dutch version of the DN4 for detection of neuropathic pain in patients with chronic 

pain, Timmerman et al. (2017)38 concluded that the patients’ symptoms (DN4i) did not 

sufficiently correspond with clinical examination by a (pain) physician (including sensory testing 

of touch, pinprick, pressure, cold, heath and temporal summation) and therefore did not reliably 

reflect underlying pathophysiological mechanisms. These findings are in line with results of the 

current study.38 

 

A first possible explanation of our findings may be that the use of patient-reported signs and 

symptoms to evaluate somatosensory functioning may have its limitations because sensory 

gain-loss can only be captured indirectly by asking the patients what they feel, which might 

lead to misinterpretation of the exact sensory event. In addition, these questions do not 

distinguish between deficits in mechanical or thermal sensations, limiting interpretation of 

results.26 Consequently, information regarding sensory gain and sensory loss based on 

questionnaires may be less precise than with QST. In contrast to other questionnaires such as 

the PainDETECT53, 54 and Neuropathic Pain Symptom Inventory (NPSI)55 , the DN4 has not 

yet been used in studies to subgroup patients according to their pattern of sensory 

abnormalities. Associations between the PainDETECT, NPSI and QST results were previously 

investigated in populations with neuropathic pain.55, 56 While Giertmühlen et al. (2018)56 found 

weak to moderate associations between the PainDETECT and QST results, Attal et al. (2008)55 

reported moderate to high correlations between NPSI items and sensitivity for mechanical and 

thermal (cold) stimuli. Important to note here is that in the study of Attal et al. (2008)55, 

mechanical and thermal sensitivity was not evaluated according to threshold detection (as 



recommended in the standardized protocol of the DFNS) but by means of pain intensity ratings 

(score from 0 to 100 on a VAS).55 

 

Despite the fact that the CSI is designed to evaluate symptoms that may be related to altered 

central somatosensory processing27, CSI scores were not associated with results of QST 

protocols supposed to evaluate these processes. This finding is in line with previous studies in 

non-cancer populations. Weak and non-significant correlations between CSI and CPM were 

found in patients with chronic musculoskeletal pain.28, 30-33 Further, CSI scores were also not 

found to be correlated with either pain thresholds at remote body regions or TS. One study in 

people with knee osteoarthritis identified significant moderate associations between CSI 

scores and PPT at a remote body region.33 This result could not be confirmed in the present 

study or other studies in musculoskeletal populations.29, 32 

Widespread pain as determined with the Margolis Pain Diagram and a disproportionate nature 

of pain intensity scores as evaluated with VAS, have been described as indicators of altered 

central somatosensory processing.3, 27, 57 However, no strong associations could be found for 

these questionnaires in the present study. These findings may have been impacted by the low 

prevalence of widespread or disproportionate pain based on PPSA and VAS. Only 10% 

(15/146) of our sample had a PPSA above 20% and 32% (46/146) had a mean global pain 

intensity score of 30 or higher on a scale of 100. Further studies exploring associations on 

larger numbers of people with more widespread and disproportionate pain following breast 

cancer treatment are recommended. 

 

A third possible explanation of our findings may be that self-reported signs and symptoms 

evaluated by questionnaires are influenced by factors other than or in addition to factors related 

to somatosensory functioning. With regard to the CSI, strong associations have previously 

been found with various questionnaires focusing on psychosocial distress and different 

dimensions of psychopathology (anxiety, distress, depression, somatization) in different 

musculoskeletal pain populations.29, 30, 32, 58, 59 The same significant associations with 

psychosocial stressor load and anxiety were found for the PPSA using a Margolis Pain 

Diagram by people with chronic non-cancer pain.60 In addition, studies found that a widespread 

pain pattern was significantly associated with an increased use of pain management 

strategies.60, 61 To the best of our knowledge, associations between psychosocial factors and 

CSI scores or PPSA have not yet been examined in women one year after surgery for breast 

cancer. However, positive associations between a disturbed psychosocial functioning and 

increased pain intensity have already been extensively described in breast cancer survivors.62-

64 As for central somatosensory processing, the measurement tools hypothesized to reflect 

local somatosensory functioning (DN4), may also be influenced by other mechanisms. For 



example, Aho et al. (2020)65 also found significant although weak correlations between the 

DN4i and psychological variables (anxiety rs = 0.179, depression rs = 0.245, pain 

catastrophizing rs = 0.213) in breast cancer survivors with post-surgical pain.  

 

On the other hand, we should also address the limitations of QST in evaluating somatosensory 

functioning. The reaction of the participant to the applied stimuli (and thus the QST-result) may 

also be affected by psychosocial factors.66 This makes QST a psychophysical evaluation 

method rather than a completely objective assessment of somatosensory functioning and it 

can at best be considered to evaluate one dimension of a pain experience. It is not the perfect 

test to evaluate somatosensory functioning but currently the best available test.67, 68 

A further discrepancy that may have influenced our results relates to the timing of 

measurements. While the QST evaluation is a momentary snapshot of somatosensory 

functioning, the included questionnaires survey self-reported somatosensory signs and 

symptoms over the previous week. Over the period of a week, the impact of confounding 

factors may have been somewhat reduced in comparison to their potential influence at the time 

of the QST assessment (in particular psychosocial factors but also sleep, physical activity, 

caffeine intake).   

 

Strengths of the present study are, first, the inclusion of 147 women treated for breast cancer. 

Sample sizes equal to or greater than 100 participants strengthen the level of evidence in 

measurement property studies.36, 69 Second, stratification of participants on certain 

somatosensory outcomes (i.e. presence or absence of sensory loss or gain necessary for 

inclusion in the study) was not performed because this would possibly lead to a non-clinical 

situation in a population of breast cancer survivors with a mixed pattern of somatosensory 

disturbances70, decreasing the validity and generalizability of the studied clinical instruments.71, 

72 As a result, the present study had a heterogeneous sample in which not all somatosensory 

assessments were disturbed. The higher the prevalence of somatosensory disturbances in the 

study sample, the higher the chance that a certain score on a clinical questionnaire indicates 

the presence of somatosensory disturbances.73 Third, because use of analgesic medication 

might inhibit CPM response, we considered the use of pain medication 24 hours before QST 

assessment.74 However, the results regarding the associations with CPM were the same when 

adjusting for the use of analgesics.  

 

Limitations of the current study are, first, the evaluation of both CPM and TS at the affected 

side. Future research involving evaluation of sensory profiles could asses CPM and TS both 

at upper and lower limb to gain more confidence that pathophysiological mechanisms of altered 

somatosensory functioning are indeed central.18 However, this remains challenging in a 



population of breast cancer survivors treated with chemotherapy and/or hormonal therapy with 

possible somatosensory side effects in both upper and lower body. Second, as mentioned 

earlier the number of participants with widespread or disproportionate pain was rather limited, 

which makes our sample different to most typical chronic pain population on which hypotheses 

were based. Third, a neuropathic pain component (DN4 ≥4) was present in 48% (70/147) of 

participants. Hypotheses regarding local somatosensory functioning were based on the study 

of Mustonen et al. (2020)11 where probable neuropathic pain (pain and at least one abnormal 

sensory finding at the site of pain) was required for inclusion.  

 

Differences in somatosensory profiles may reflect distinct pathophysiological backgrounds with 

different responses to pharmacological as well as non-pharmacological treatments.9, 10, 75 It is 

important that clinicians recognize that some peoples’ experience of pain or sensory 

disturbances has a component of ‘altered’ somatosensory processing as a significant 

contributor to their presentation. Based on the findings of this study, no evidence-based 

recommendations can be made on the use of self-reported questionnaires to assess this 

somatosensory processing one year after breast cancer surgery. However, in attempt to 

optimize the evaluation and management of pain and sensory disturbances in this population, 

it is recommended to combine information on how individuals process and experience 

somatosensory stimulation (e.g. through the use of sensory testing) with information from the 

patient interview or questionnaires (e.g. breast cancer treatment, anxiety, maladaptive coping) 

to consider which biological, psychological and/or social factors drive or sustain these 

neurophysiological processes.76 More research is needed on the best strategies for 

comprehensively evaluating (altered) somatosensory processing in a breast cancer population 

in clinical practice. 

 

CONCLUSION 

The current study could not establish clear associations between questionnaires assessing 

somatosensory signs and symptoms related to somatosensory functioning and QST in women 

one year after surgery for breast cancer. Although somatosensory profiling may be of 

significant value in a mechanism-based management of pain and sensory disturbances after 

treatment for breast cancer, more research is needed on the most appropriate tools for 

somatosensory profiling in clinical practice. 
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Figure 1. Scoring template for the Margolis Pain Diagram 

 



 

Figure 2. Test locations QST protocol 

 

 

TABLES 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 1. Overview of questionnaires 
 

Description-scoring Study procedure Psychometric properties 

Douleur Neuropathique en 4 Questions (DN4)  
 

Items 10  

7 items about pain descriptors (DN4i)  

3 items related to physical examination 

Scale Dichotomous yes (1) - no (0) scale  

Score range DN4i 0-7, total DN4 0-10 

Interpretation DN4i scores ≥3 and total DN4 

scores ≥4 suggest a neuropathic pain 

component24 
 

 

• Evaluated for intercostobrachial + 

intercostal nerve innervation area 

• DN4i assessed over the past week 

• Executed during QST assessment 

 

Excellent test-retest reliability 

Dutch version of DN4 in chronic 

pain population38 

Central Sensitization Inventory (CSI)  
 

Items 25 (part A) 

Scale Five-point Likert scale from 0 (never) to 4 

(always) 

Score range 0-40 

Interpretation Higher score represents greater 

symptomatology associated with altered 

central somatosensory functioning27 

 

 

• Not evaluated under supervision 

• Part B not considered for analysis 

 

 

Excellent test-retest reliability and 

internal consistency English27, 39-41 

and Dutch version42 of CSI in 

population with chronic 

musculoskeletal pain and in 

healthy controls42 

Margolis Pain Diagram  
 

Items Dorsal and ventral drawing of the body 

Scale Presence-absence of pain is checked on 

the drawing for 45 predefined areas. Weights 

are assigned to the different body areas equal 

to the covering body surface percentage. 

Score range 0-100 

Interpretation Weighted score representing total 

percentage pain surface area (PPSA)35, 43 

 

 

• Assessed over the past week 

• Evaluated during QST assessment 

• Pain drawings scored by using 

transparent plastic templates 

containing the 45 different areas as 

defined by Margolis et al. (1986)35 

(see figure 1)  
 

 

Excellent inter-rater reliability in 

population with cancer treatment-

induced neuropathic pain43 

Visual Analog Scale (VAS)   
 

Scale Horizontal 100-mm line with two endpoints 

representing “no pain” and “worst pain 

possible” 

Score range 0-100 

Interpretation Higher score represents higher 

pain intensity44 

 

• 3 VAS scales were completed: 

1.VASmean: global average pain 

intensity over the past week  

2.VASmax: pain intensity at its 

maximum over the past week 

3.VASmin: pain intensity at its 

minimum over the past week  

• VASdiff = VASmax - VASmin  
 

 

Good psychometric properties to 

evaluate pain in women diagnosed 

with breast cancer45 

 

diff = difference, max = maximum, min = minimum, QST = quantitative sensory testing. 
 



Table 2. Overview of QST protocol 
 

Study procedure   Device Outcome 
Test location 

(see figure 2) 

Mechanical detection (MDT) - pain (MPT) threshold  
 

Algorithm Method of limits5, 6 

Detection: series of ascending and descending 

stimulus intensities are given and the stimulus 

intensity that is first/last identified is recorded 

Pain: series of ascending and descending 

stimulus intensities are given and the stimulus 

intensity that is first/last identified as painful (not 

unbearable) is recorded 

2 consecutive stimuli to rule out coincidence 

Response Verbal by saying ‘yes’ 

Rate Skin contact of 2s on-2s off 

Min-Max 8mN-512mN 

 

Von Frey 

monofilaments 

(Optihair2-Set, 

Marstock, 

Germany,0.25-

512 mN) 

 

Geometric mean of ascending and 

descending stimulation (i.d. the 

first and last detected stimulus) 

(mN)5, 6 

 

Local 

Inner upper 

arm 

 

Remote  

Quadriceps 

(only MPT)  

Pressure pain threshold (PPT) 
 

Algorithm Method of limits: amount of pressure by 

which the perception of pressure turns for the first time 

into a painful (not unbearable) sensation5, 6 

Response Verbal by saying ‘stop’ 

Rate 0.1 kgf/s Min-Max 0 kgf/s-12kgf/s 

 

Digital algometer 

(Wagner FDX, 

Greenwich CT, 

USA) rubber tip 

1 cm² 

 

Arithmetic mean 2 trials (kgf)47 
 

Local 

Trunk  

 

Remote 

Quadriceps  

Thermal detection - pain threshold 
 

Algorithm Method of limits5, 6 

Detection: temperature when a change from a 

thermoneutral state to a distinct warm (WDT) or 

cold (CDT) sensation is experienced  

Pain: temperature when a change from a 

thermoneutral state to a painful (not unbearable) 

warm (HPT) or cold (CPT) sensation is 

experienced 

Sequence: 1.WDT, 2.CDT, 3.HPT, 4.CPT 

Response Pushing computer-controlled button 

Rate 1°C/s Min-Max 0°C-50°C 

 

Thermode 

system (TSA II 

Medoc, Israel) 

with a 3 × 3 cm 

Peltier thermode  

 

Arithmetic mean 3 trials for each 

thermal threshold (WDT, CDT, 

HPT, CPT) (°C)5, 6 

 

Local 

Inner upper 

arm  

 

Remote 

Quadriceps 

(only HPT and 

CPT) 

Temporal summation (TS) 
 

Algorithm Pain rating after single stimulation, after 

30s of stimulation and 15s after final stimulation48 

Response Verbal  

Rate 1/s  

Min-Max 0-10 
 

 

Von Frey 

monofilament 

(Optihair2-Set, 

Marstock, 

Germany,256 

mN) 

 

Wind-up = pain rating after 30s 

stimulation - pain rating single 

stimulation (NRS 0-10) 
 

Aftersensations = pain rating 15s 

after final stimulation (NRS 0-10) 

 

Local 

Pectoral region  

Conditioned pain modulation (CPM) 
 

Algorithm: Parallel heat design49 * 

1. Test stimulus (45s): Individually determined test 

stimulus (temperature Pain4) applied alone. Pain 

rating (NRS 0-10) at 10s, 20s, 30s and 40s of 

stimulation. 

2. Break (120s) 

3. Conditioning stimulus (temperature Pain4 + 

0.5°C) (65s) + test stimulus in parallel (45s). Pain 

rating (NRS 0-10) at 10s, 20s, 30s and 40s of 

stimulation.   

Response Verbal  

Rate 1°C/s Min-Max 39°C-46,5°C 

 

Thermode 

system (Q-

sense Medoc, 

Israel) with two 

3 × 3 cm Peltier 

thermodes  

 

CPM diff = difference in NRS (0-

10) conditioning + test and NRS 

test stimulus without conditioning 

for each 10s-long epoch. (0 or -

values = normal CPM, + values = 

abnormal CPM)  
 

CPM mean = mean differences in 

NRS conditioning + test stimulus 

and NRS test stimulus without 

conditioning for 4 10s-long epochs 
 

 

Remote 

Lower arm  

 

CDT = cold detection threshold, CPT = cold pain threshold, HPT = heat pain threshold, kgf = kilogram-force, mN = millinewton, NRS = numerical 

rating scale, s = seconds, WDT = warmth detection threshold. * See Appendix I for a detailed description of the complete CPM protocol. 



Table 3. Hypotheses and results of associations between DN4 and QST evaluating local somatosensory 

functioning 

Association Hypothesis  Rationale 
Spearman 

correlation  

DN4i – Interview part   

DN4i and 

MDT arm 

A moderate positive correlation (between 0.3 and 0.5) is 

expected between DN4i score and detection of sharp 

stimuli at the affected inner upper arm  

Local decreased sensitivity 

mechanical detection (sensory 

loss) BCS with neuropathic pain.11 

0.131  

DN4i and 

MPT arm 

A moderate positive correlation (between 0.3 and 0.5) is 

expected between DN4i score and pain sensitivity for sharp 

stimuli at the affected inner upper arm 

Local decreased sensitivity 

mechanical pain (sensory loss) 

BCS with neuropathic pain.11 

-0.168* 

DN4i and 

PPT trunk 

A moderate negative correlation (between -0.3 and -0.5) 

is expected between DN4i score and pain sensitivity for 

sharp stimuli at the affected trunk 

Local increased sensitivity 

pressure pain (sensory gain) BCS 

with neuropathic pain.11 

-0.137 

DN4i and 

WDT arm 

A moderate positive correlation (between 0.3 and 0.5) is 

expected between DN4i score and detection of thermal 

stimuli at the affected inner upper arm 

Local decreased sensitivity warmth 

detection (sensory loss) BCS with 

neuropathic pain.11 

0.037 

DN4i and 

CDT arm 

A moderate negative correlation (between -0.3 and -0.5) 

is expected between DN4i score and detection of thermal 

stimuli at the affected inner upper arm 

Local decreased sensitivity cold 

detection (sensory loss) BCS with 

neuropathic pain.11 

-0.109 

DN4i and 

HPT arm 

A moderate positive correlation (between 0.3 and 0.5) is 

expected between DN4i score and detection of thermal 

stimuli at the affected inner upper arm 

Local decreased sensitivity heat 

pain (sensory loss) BCS with 

neuropathic pain.11 

0.104 

DN4i and 

CPT arm 

A moderate negative correlation (between -0.3 and -0.5) 

is expected between DN4i score and detection of thermal 

stimuli at the affected inner upper arm 

Local decreased sensitivity cold 

pain (sensory loss) BCS with 

neuropathic pain.11 

0.014 

DN4 – Interview + examination part 

DN4 and 

MDT arm 

A moderate positive correlation (between 0.3 and 0.5) is 

expected between total DN4 score and detection of sharp 

stimuli at the affected inner upper arm 

Local decreased sensitivity 

mechanical detection (sensory 

loss) BCS with neuropathic pain.11 

0.227* 

DN4 and 

MPT arm 

A moderate positive correlation (between 0.3 and 0.5) is 

expected between total DN4 score and pain sensitivity for 

sharp stimuli at the affected inner upper arm 

Local decreased sensitivity 

mechanical pain (sensory loss) 

BCS with neuropathic pain.11 

-0.151 

DN4 and 

PPT trunk 

A moderate negative correlation (between -0.3 and -0.5) 

is expected between total DN4 score and pain sensitivity 

for sharp stimuli at the affected trunk 

Local increased sensitivity 

pressure pain (sensory gain) BCS 

with neuropathic pain.11 

-0.068 

DN4 and 

WDT arm 

A moderate positive correlation (between 0.3 and 0.5) is 

expected between total DN4 score and detection of thermal 

stimuli at the affected inner upper arm 

Local decreased sensitivity warmth 

detection (sensory loss) BCS with 

neuropathic pain.11 

0.098 

DN4 and 

CDT arm 

A moderate negative correlation (between -0.3 and -0.5) 

is expected between total DN4 score and detection of 

thermal stimuli at the affected inner upper arm 

Local decreased sensitivity cold 

detection (sensory loss) BCS with 

neuropathic pain.11 

 -0.186* 

DN4 and 

HPT arm 

A moderate positive correlation (between 0.3 and 0.5) is 

expected between total DN4 score and detection of thermal 

stimuli at the affected inner upper arm 

Local decreased sensitivity heat 

pain (sensory loss) BCS with 

neuropathic pain.11 

0.179* 

DN4 and 

CPT arm 

A moderate negative correlation (between -0.3 and -0.5) 

is expected between total DN4 score and detection of 

thermal stimuli at the affected inner upper arm 

Local decreased sensitivity cold 

pain (sensory loss) BCS with 

neuropathic pain.11  

-0.074 

 

BCS = breast cancer survivors, CDT = cold detection threshold, CPT = cold pain threshold, DN4 = Douleur Neuropathique en  

4 Questions questionnaire, DN4i = DN4 interview part, HPT = heat pain threshold, MDT = mechanical detection threshold, 

MPT = mechanical pain threshold, PPT = pressure pain threshold, WDT = warmth detection threshold.  

*Correlation significant at 0.05 level (2-tailed) 

 

 



Table 4. Hypotheses and results of associations between CSI, Margolis Pain Diagram, VAS and QST evaluating 

central somatosensory functioning 

Association Hypothesis  Rationale 
Spearman 

correlation 

CSI   

CSI and 

MPT Qceps 

A moderate negative correlation (between -0.3 

and -0.5) is expected between total CSI score and 

pain sensitivity for sharp stimuli at a remote body 

region 

Moderate negative correlation CSI & 

PPT at a remote body region (sensory 

gain) in non-cancer populations with 

chronic pain.32, 33  

0.005 

CSI and 

PPT Qceps 

A moderate negative correlation (between -0.3 

and -0.5) is expected between total CSI score and 

pain sensitivity for dull stimuli at a remote body 

region 

Moderate negative correlation CSI & 

PPT at a remote body region (sensory 

gain) in non-cancer populations with 

chronic pain.32, 33 

0.074 

CSI and 

HPT Qceps 

A weak negative correlation (between 0 and -0.3) 

is expected between total CSI score and pain 

sensitivity for warm stimuli at a remote body region 

Weak negative correlation CSI & HPT 

at a remote body region (sensory gain) 

in a non-cancer population with 

shoulder pain.29 

-0.052 

CSI and 

CPT Qceps 

A weak positive correlation (between 0 and 0.3) 

is expected between total CSI score and pain 

sensitivity for cold stimuli at a remote body region 

Weak negative correlation CSI & HPT 

at a remote body region (sensory gain) 

in a non-cancer population with 

shoulder pain.29 

0.007 

CSI and TS 

A weak positive correlation (between 0 and 0.3) 

is expected between total CSI score and temporal 

summation at the pectoral region 

Weak positive correlation CSI & TS in 

non-cancer populations with chronic 

pain.30 

Wind-up:  

0.150 

Aftersensations: 

0.160 

CSI and 

CPM 

A weak positive correlation (between 0 and 0.3) 

is expected between total CSI score and 

conditioned pain modulation 

Weak positive correlation CSI & CPM 

in non-cancer populations with chronic 

pain.28, 30, 33  

CPM10s:  

-0.105 

CPMmean: 

0.008 

Margolis Pain Diagram 

PPSA and 

MPT Qceps 

A moderate negative correlation (between -0.3 

and -0.5) is expected between PPSA and pain 

sensitivity for sharp stimuli at a remote body region 

Moderate negative correlation number 

painful areas & PPT at a remote body 

region (sensory gain) in non-cancer 

populations with chronic pain.33 

0.066 

PPSA and 

PPT Qceps 

A moderate negative correlation (between -0.3 

and -0.5) is expected between PPSA and pain 

sensitivity for dull stimuli at a remote body region 

Moderate negative correlation number 

painful areas & PPT at a remote body 

region (sensory gain) in non-cancer 

populations with chronic pain.33, 51 

0.047 

PPSA and 

HPT Qceps 

A moderate negative correlation (between -0.3 

and -0.5) is expected between PPSA and pain 

sensitivity for warm stimuli at a remote body region  

Moderate negative correlation number 

painful areas & HPT at a remote body 

region (sensory gain) in non-cancer 

populations with chronic pain.51 

0.038 

PPSA and 

CPT Qceps 

A weak positive correlation (between 0 and 0.3) 

is expected between PPSA and pain sensitivity for 

cold stimuli at a remote body region  

Weak positive correlation number 

painful areas & CPT at a remote body 

region (sensory gain) in non-cancer 

populations with chronic pain.51 

0.001 

PPSA and 

TS 

A moderate positive correlation (between 0.3 

and 0.5) is expected between PPSA and temporal 

summation at the pectoral region 

Moderate positive correlation number 

painful areas & TS at local region 

(sensory gain) in non-cancer 

populations with chronic pain.51 

Wind-up:  

-0.001 

Aftersensations: 

0.064 

PPSA and 

CPM 

A moderate positive correlation (between 0.3 

and 0.5) is expected between PPSA and 

conditioned pain modulation 

Weak positive correlation number 

painful areas & CPM in non-cancer 

populations with chronic pain.33 

CPM10s:  

-0.004 

CPMmean: 

0.176* 



VAS difference maximum-minimum pain intensity 

VASdiff and 

MPT Qceps 

A moderate positive correlation (between 0.3 

and 0.5) is expected between VAS maximum-

minimum and pain sensitivity for sharp stimuli at a 

remote body region 

Sensory profiling in neuropathic pain: 

mechanical sensory gain mostly 

central sensitization.9 

-0.022 

VASdiff and 

PPT Qceps 

A moderate positive correlation (between 0.3 

and 0.5) is expected between VAS maximum-

minimum and pain sensitivity for dull stimuli at a 

remote body region 

Sensory profiling in neuropathic pain: 

mechanical sensory gain mostly 

central sensitization.9 

0.055 

VASdiff and 

HPT Qceps 

A weak positive correlation (between 0 and 0.3) 

is expected between VAS maximum-minimum and 

pain sensitivity for warm stimuli at a remote body 

region  

Sensory profiling in neuropathic pain: 

thermal sensory gain mostly 

peripheral sensitization.9 

0.082 

VASdiff and 

CPT Qceps 

A weak negative correlation (between 0 and -0.3) 

is expected between VAS maximum-minimum and 

pain sensitivity for cold stimuli at a remote body 

region  

Sensory profiling in neuropathic pain: 

thermal sensory gain mostly 

peripheral sensitization.9 

-0.031 

VASdiff and 

TS 

A moderate negative correlation (between -0.3 

and -0.5) is expected between VAS maximum-

minimum and temporal summation at the pectoral 

region 

Moderate positive correlation pain 

intensity & TS at local region (sensory 

gain) in non-cancer populations with 

chronic pain.52 

Wind-up:  

-0.019 

Aftersensations: 

0.060 

VASdiff and 

CPM 

A moderate negative correlation (between -0.3 

and -0.5) is expected between VAS maximum-

minimum and conditioned pain modulation 

Increased pain rating indication of 

presence altered pain inhibition-

facilitation.21 

CPM10s:  

-0.170* 

CPMmean:  

0.038 

VAS mean pain intensity 

VASmean 

and MPT 

Qceps 

A moderate negative correlation (between -0.3 

and -0.5) is expected between VAS maximum-

minimum and pain sensitivity for sharp stimuli at a 

remote body region 

Sensory profiling in neuropathic pain: 

mechanical sensory gain mostly 

central sensitization.9 

0.058 

VASmean 

and PPT 

Qceps 

A moderate negative correlation (between -0.3 

and -0.5) is expected between VAS maximum-

minimum and pain sensitivity for dull stimuli at a 

remote body region 

Sensory profiling in neuropathic pain: 

mechanical sensory gain mostly 

central sensitization.9 

-0.009 

VASmean 

and HPT 

Qceps 

A weak negative correlation (between 0 and -0.3) 

is expected between VAS maximum-minimum and 

pain sensitivity for warm stimuli at a remote body 

region  

Sensory profiling in neuropathic pain: 

thermal sensory gain mostly 

peripheral sensitization.9 

-0.040 

VASmean 

and CPT 

Qceps 

A weak positive correlation (between 0 and 0.3) 

is expected between VAS maximum-minimum and 

pain sensitivity for cold stimuli at a remote body 

region  

Sensory profiling in neuropathic pain: 

thermal sensory gain mostly 

peripheral sensitization.9 

-0.004 

VASmean 

and TS 

A moderate positive correlation (between 0.3 

and 0.5) is expected between VAS maximum-

minimum and temporal summation at the pectoral 

region 

Moderate positive correlation pain 

intensity & TS at local region (sensory 

gain) in non-cancer populations with 

chronic pain.52 

Wind-up:  

0.048 

Aftersensations: 

0.136 

VASmean 

and CPM 

A moderate positive correlation (between 0.3 

and 0.5) is expected between VAS maximum-

minimum and conditioned pain modulation 

Increased pain rating indication of 

presence altered pain inhibition-

facilitation.21 

CPM10s:  

-0.104 

CPMmean:  

0.098 

CPM = conditioned pain modulation, CPM10s: CPM effect after 10s of stimulation, CPMmean: mean of CPM effect after 

10,20,30 and 40s of stimulation, CPT = cold pain threshold, CSI = Central Sensitization Inventory, HPT = heat pain threshold; 

MPT = mechanical pain threshold, PPSA = percentage pain surface area, PPT = pressure pain threshold, Qceps = quadriceps 

muscle, TS = temporal summation, VAS = Visual Analog Scale. 

*Correlation significant at 0.05 level.  

Spearman correlation coefficients of the hypotheses that were accepted are indicated in bold 



Table 5. Demographic characteristics and clinical outcomes for participants (frequency (%) unless 

specified otherwise) (n = 147) 
 

Age (years), Mean (SD, range) 57.0 (11.3)  

BMI (kg/m²), Median (SD) 24.7 (6.7) 

Time since surgery (months), Median (IQR) 

Type of breast surgery 

12.0 (0.4) 

  

Breast conserving surgery + axillary lymph node dissection  12 (8%)  

Mastectomy + sentinel lymph node biopsy 

Mastectomy + axillary lymph node dissection 

64 (44%) 

71 (48%) 

Surgery at dominant side 

Radiotherapy 

             Breast  

Thorax (n = 145) 

Median subclavian and parasternal nodes (n = 145) 

Axilla region (n = 145) 

74 (50%) 

117 (80%) 

14 (10%) 

97 (66%) 

105 (72%) 

11 (8%) 

Hormonal Therapy (ongoing) 

Tamoxifen  

Aromatase inhibitors 

114 (78%) 

19 (13%) 

96 (65%) 

Chemotherapy 

Epirubicin Cyclophosphamide (EC) 

Fluorouracil Epirubicin Cyclophosphamide (FEC) 

Paclitaxel (Taxol) 

Docetaxel (Taxotere) 

Doxurubicine 

Xeloda 

Target therapy (ongoing) 

95 (65%) 

56 (38%) 

1 (1%) 

64 (43.5%) 

35 (24%) 

2 (1%) 

6 (4%) 

36 (24.5%) 

Herceptin 

Perjeta 

DN4 

DN4i <3 

DN4i ≥3 

DN4 <4 

DN4 ≥4 

CSI (n = 144) 

Total CSI score - part A, Mean (SD) 

Percentage pain surface area (Margolis Pain Diagram), Median (IQR), min-max 

Pain intensity (VAS) (n = 146) 

Average global pain intensity past week, Median (IQR), min-max 

Difference max-min global pain intensity, Median (IQR), min-max 

No pain (VAS = 0) 

Global pain past week VAS <30 

Global pain past week VAS ≥30 
 

35 (24%) 

21 (14%) 

 

110 (75%) 

37 (25%) 

77 (52%) 

70 (48%) 

 

32.9 (14.2) 

5.5 (10.7), 0-71 

 

19 (34), 0-84 

27.5 (53), -1-96 

35 (24%) 

100 (68%) 

47 (32%) 

 

DN4 = Douleur neuropathique en 4 questions questionnaire, DN4i = DN4 interview part, CSI = Central 

Sensitization Inventory, IQR = interquartile range, max = maximum, min = minimum, SD = standard deviation, 

VAS = Visual Analog Scale 

 

 

 

 

 

 

 

 

 

 

 



Table 6. QST results for participants – Unless specified otherwise, Median (IQR) are given for 

mechanical and thermal thresholds, frequency (%) for temporal summation and conditioned pain 

modulation (n = 147) 

Mechanical thresholds (mN)  
 

MDT Local  

MPT Local  

   Remote 
 

 

5.7 (21.2) 

362.0 (331.0) 

512.0 (150.0) 
 

Pressure pain thresholds (kgf) 

 

 

PPT Local 

        Remote 

 

1.1 (1) 

2.6 (2.5) 
 

Thermal thresholds (°C)   
 

WDT Local (n = 146) 

CDT Local (n = 146) 

HPT Local (n = 145) 

  Remote 

CPT Local (n = 146) 

  Remote 

 

36.6 (6.5) 

28.7 (4.4) 

45.6 (6.0) 

44.6 (5.3) 

18.3 (24.0) 

23.6 (21.1) 
 

Temporal summation 
 

No wind-up 

Wind-up 1-2 NRS 

Wind-up ≥3NRS 

No aftersensations 

Aftersensations 1-2 NRS 

Aftersensations ≥3NRS 
 

 

19 (13%) 

63 (43%) 

65 (44%) 

95 (65%) 

31 (21%) 

21 (14%) 
 

Conditioned pain modulation (n = 146)  
 

CPM10s (NRS), Mean (SD) 

CPMmean (NRS), Mean (SD) 

CPM10s disturbed (NRS ≥0) 

CPMmean disturbed (NRS ≥0) 
 

 

-0.9 (1.6) 

-0.3 (1.1) 

62 (42%) 

59 (40%) 

 

CPM = NRS score when test stimulus is applied without conditioning stimulus minus NRS score when test stimulus 

is applied together with conditioning stimulus (negative values indicate efficient conditioned pain modulation). 

CPM10s: CPM effect after 10s of stimulation, CPMmean: mean of CPM effect after 10,20,30 and 40s of stimulation, 

CDT = cold detection threshold, CPT = cold pain threshold, HPT = heat pain threshold, MDT = mechanical detection 

threshold, mN = millinewton, MPT = mechanical pain threshold, NRS = numerical rating scale, PPT = pressure pain 

threshold, WDT = warmth detection threshold 

 


