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Abstract

Spine-related  neck-arm  pain  is  heterogeneous  and  may  present  on  a  spectrum  between

nociceptive and neuropathic pain. A recently developed mechanism-based clinical framework

for  spine-related  pain  distinguishes  between  spinally  referred  pain  without  neurological

deficits  (somatic  referred  pain,  heightened  nerve mechanosensitivity,  radicular  pain),  with

neurological  deficits  (radiculopathy)  and mixed-pain presentations.  This study investigated

differences  in  somatosensory and clinical  profiles  of  patients  with  unilateral  spine-related

neck-arm pain grouped according to the clinical framework. Patients (n = 113) underwent a

clinical  examination,  after  which they were classified into a subgroup(s).  They completed

questionnaires to assess function (Neck Disability Index), psychosocial factors (Tampa Scale

of  Kinesiophobia,  Pain  Catastrophizing  Scale,  Depression,  anxiety  and  stress  scale),

neuropathic  pain  (Douleur  Neuropathique  4)  and  central  sensitization  features  (Central

Sensitization Inventory). Standardized quantitative sensory testing (QST) was performed over

the maximal-pain-area and contralateral side.  The radiculopathy group showed a significant

loss of function on the symptomatic versus asymptomatic side in cold (p=0.024) and warm

detection  (p=0.004),  thermal  sensory  limen  (p=0.001),  mechanical  detection  (p=0.001),

increased  wind-up  ratio  (p=0.014)  and  cold  hyperalgesia  (p=0.049).  No  other  subgroup

showed significant side differences in QST parameters. Symptom descriptors such as burning

(p<0.031), tingling (p<0.018), pins and needles (p<0.031), numbness (p<0.016), spontaneous

pain  (p<0.001)  and  electric  pain/shock  (p<0.026)  were  more  common  in  the

radicular/radiculopathy  groups  compared  to  the  somatic/mechanosensitivity  groups.  There

were  no  differences  in  psychosocial  parameters  between  groups.  The phenotypic  profiles

support the construct of the clinical examination and patient classification and its application

in clinical practice according to a clinical framework for spine-related pain. 



1.0 Introduction

Neck pain is a common musculoskeletal condition[2;62]. In some patients with neck pain,

symptoms  may  also  radiate  into  the  arm  due  to  various  underlying  pain

mechanisms[34;55;56].  This  is  referred  to  as  spine-related  neck-arm  pain  which  is  an

umbrella  term  for  different  clinical  presentations[51].  Based  on  the  recommended

terminology from the Neuropathic Pain Special Interest Group (NeuPSIG)[51], people with

spine-related limb pain may present on a spectrum between somatic referred pain, which is

referred to as a nociceptive pain, and painful radiculopathy which is considered as dominantly

neuropathic pain[47;51]. Nociceptive neck-arm pain is caused by an activation of nociceptors

in target  tissues  such as  muscles,  joints,  ligaments,  fascia  or  tendons[5;51].  Activation  of

nociceptors  in  connective  tissues  surrounding nerves  may cause a  clinical  presentation  of

heightened nerve mechanosensitivity which is considered to reflect a specific type of somatic

referred pain[5;11]. 

Neuropathic neck-arm pain is defined as pain occurring as a direct consequence of a lesion or

disease affecting  the somatosensory nervous system in the neck[13;51].  In  the context  of

neuropathic  pain,  terms  such  as  radiculopathy  and  radicular  pain  are  frequently  used

interchangeably but represent distinct concepts[5;51]. Radiculopathy pertains to dermatomal

sensory or myotomal motor deficits (loss of function) resulting from a conduction block or

conduction slowing caused by a lesion or disease of a nerve root or dorsal root ganglia[5;51].

In contrast,  radicular  pain is associated with ectopic discharges and hyperexcitability  of a

dorsal  root  or  it’s  ganglion,  caused  e.g.  by  inflammation,  ischaemia  or  mechanical

deformation[5;51]. Whereas these presentations can occur in isolation, mixed presentations

are  very  common[23;54]  (e.g.,  painful  radiculopathy  combining  radicular  pain  and

radiculopathy). A recently developed clinical framework for spine-related pain distinguishes



between  spinally  referred  pain  without  neurological  deficits  (somatic  referred  pain,

heightened  nerve  mechanosensitivity,  radicular  pain)  and  with  neurological  deficits

(radiculopathy)  as  well  as  mixed  pain  presentations[47].  The  clinical  framework  showed

substantial inter- and intra-tester reliability in patients with spine-related neck arm pain[23].

Patient subgrouping according to the clinical framework may assist to standardize participant

selection in clinical trials and targeted management[29;46]. A recent review emphasized that

the  use  of  heterogeneous  populations  creates  conflicting/non-comparable  results  between

trials[29]. In contrast, implementing valid subgroup-based targeted management was shown

to be more effective than standard/non-targeted therapies[25;29;45;61]. 

However, it has not yet been established if the construct of the subgrouping patients in the

clinical framework based on clinical examination and decision making is valid in terms of

phenotypic profiles that can be determined with objective and valid measures. For example,

the  radiculopathy  group  is  the  only  group  defined  by  a  loss  of  function  which  can  be

identified clinically,  but is  this  indeed the subgroup demonstrating loss of function,  using

validated assessments of nerve fiber function, such as quantitative sensory testing (QST)[43]?

Thus, the study aims were:

I) to  investigate  differences  in  somatosensory  and  clinical  profiles  of  patients

with  spine-related  neck  arm  pain  classified  according  to  the  clinical

framework. 

II) to  investigate  if  the clinical  subgrouping is  substantiated  by the phenotypic

profiles of each subgroup.



2.0 Methods

This cross-sectional study was conducted from July 2020 until November 2023. The study

protocol received approval from the Ethic Committee at the University of Applied Sciences

Osnabrueck and adhered to the ethical guidelines of the Declaration of Helsinki[1] and all

patients provided informed written consent prior to participating. 

2.1 Study population

Patients aged 18-75 years with unilateral spine-related neck-arm pain with pain intensity > 

2/10 on a numeric rating scale (NRS) were consecutively recruited from physiotherapy and 

medical clinics in Osnabrueck (Germany). Each potential patient underwent a screening 

interview via telephone to assess their eligibility (Figure 1). The neck-arm pain needed to be 

provoked by movements or static positions of the cervical spine as determined by patients’ 

self-report. Exclusion criteria were previous spinal surgery, current or previous systemic 

medical conditions (e.g. rheumatoid arthritis, diabetes, thyroid disease), central nervous 

system disorder, complex regional pain syndrome, peripheral vascular disease, blood clotting 

disorder, pregnancy, psychiatric disease as well as the presence of non spine-related 

musculoskeletal shoulder, elbow or hand disorders in the last three months. All patients who 

met eligibility on screening interview were invited to take part in the study. If any exclusion 

criteria were revealed during the clinical examination, patients were excluded (Fig.1).

2.2 Clinical examination: classification and clinical profiles

A comprehensive clinical interview was performed by one examiner (CK) who has a Master’s

degree  in  Orthopedic  Manual  Physiotherapy  (OMPT)  and  22  years  work  experience  in

musculoskeletal  therapy.  The  clinical  interview  included  a  body  chart  with  patient  self-

reported symptom descriptors. In addition, patients were asked by the examiner if their pain

can occur spontaneously. The pain location, pain intensity measured on a 0-10 NRS (average



during  the  last  4  weeks),  pain  behavior  (aggravating  and  easing  factors)  and  symptom

history[22] were recorded.

Comorbidities, body mass index (BMI), medications and sleep behavior (numeric rating scale,

0 = good sleep; 10 = poor sleep were documented. The imaging data were not systematically

collected  and  were  not  relevant  for  the  classification  process. The  physical  examination

included musculoskeletal tests e.g. active and passive cervical spine movements, Spurling’s

test and muscle palpation (supplement S1: clinical examination form), which have shown at

least moderate reliability[14;18;30;31;63]. In addition, we performed a bedside neurological

examination[48]  including  reflex  testing  (absent/  reduced/  normal/  increased),  myotomal

strength  testing[24;48],  sensory  testing  of  light  touch  (cotton  wool)[48]  and  pin  prick

sensation (neurotip) in dermatomes[42]. Nerve mechanosensitivity was examined with upper

limb neurodynamic tests (ULNTs)[48]. The ULNT 1 was performed first, followed by ULNT

2a, 2b and 3. If one test was confirmed as positive, no further ULNT tests were undertaken.

ULNTs were interpreted as positive when they at least partially reproduced the person’s pain

and the pain was altered with structural differentiation[37].  After the clinical examination,

patients were categorized by the clinician into the clinical framework’s subgroups (Fig. 1).

The  clinical  framework  differentiates  between  (i)  somatic  referred  pain,  where  tests  for

neurological integrity and nerve mechanosensitivity are normal, (ii) nerve mechanosensitivity,

where  the  neurological  integrity  is  normal  but  neurodynamic  tests  show the  presence  of

heightened nerve mechanosensitivity, (iii) radicular pain where the pain distribution (areas

reminiscent  of but not necessarily identical to dermatomes) and pain descriptors (burning,

pins  and  needles,  shooting  pain,  electric  shock,  cold  pain  etc.)  strongly  suggest  the

involvement of a nerve root[51]. Neurological integrity is preserved[51]. The final subgroup

(iv) defines radiculopathy, where there is a myotomal and/or dermatomal neuroanatomically

plausible neurological deficit[51]. Dermatomal distribution was defined as according to the

dermatomes described by Hansen et al.[19], allowing for some slight overlap. Further details



on patient  assessment  and  which  test  results  were  used  for  the  classification  process  are

outlined in our previous study[23].  Since radiculopathy is not defined by pain, it had to be

grouped with one of the other clinical subgroups, as all patients experienced pain.  Patients

could present with mixed presentations[23]. For the statistical analysis, people with a mixed

presentation had to be classified into one dominant subgroup. 

Clinically, the subgroups further towards the right side of the clinical framework (Fig.1) bear

more weight in the clinical decision making. The framework represents the spectrum of spine-

related  neck  arm pain  from nociceptive  (left  side,  somatic  referred  pain)  to  probable  or

definite  neuropathic  pain  (right  side,  radiculopathy).  The  presence  of  a  radiculopathy

potentially requires surgical review (e.g, if there is significant or progressive loss of function).

Furthermore, the presence of neuropathic pain (e.g., in radicular pain or radiculopathy) may

dictate  the  use  of  specific  neuropathic  pain  medications[12].  If  a  patient  had  a  mixed

presentation (including several mechanistic subgroups), we therefore defined the dominant

subgroup as the right-most subgroup in the clinical  framework. This means that a patient

classified with just somatic referred pain does not coexist with any other subgroup, a patient

classified with heightened nerve mechanosensitivity coexists with somatic  referred pain, a

patient  classified  with  radicular  pain  may  coexist  with  somatic  referred  pain  and/or

heightened  nerve  mechanosensitivity,  and  a  presentation  classified  as  radiculopathy  may

coexist with one or all other subgroups in different combinations[23]. 

2.3 Validated questionnaires: clinical profiles and psychosocial parameters

Various  questionnaires  were  used  to  characterize  the  symptom  descriptor  profile  and

psychosocial  parameter  of the study population.  All  questionnaires  are  well  validated and

reliable[6;8;15;20;26;33;38;44;60;64]  and  were  completed  after  clinical  examination  and

classification and before QST testing. The Douleur neuropathique 4 (DN4)[6] is a binary (yes/



no) questionnaire including seven questions for sensory descriptors (burning, painful cold,

electric  shocks,  tingling,  pins  and needles,  numbness,  itching)  and three tests  for sensory

examination (hypoesthesia for touch and pinprick and allodynia for brush contact). The cut-

off score for likely neuropathic pain is ≥ 4[6]. 

The Neck Disability Index (NDI)[8;60;65] documented the level of neck related disability. A

score  of  0-4  indicates  no,  5-14  mild,  15-24  moderate,  25-34  severe  and  ≥  35  complete

disability  [21].  The  Tampa  Scale  for  Kinesiophobia  (TSK-11)[20;44;64]  with  11  items

evaluated fear of movement and fear of injury or reinjury. Scores range from 11 to 44; a score

of ≥ 35 indicates high kinesiophobia[7].  The Depression-Anxiety-Stress-Scale (DASS)[38]

examines  21 items,  seven for each parameter.  The cut-off  score for depression is  10,  for

anxiety  6  and  for  stress  10.  Pain  related  worrying  was  determined  with  the  Pain

Catastrophizing Scale (PCS)[33]. It contains three subscales: rumination, magnification, and

helplessness.  A  score  ≥  30  represents  a  clinically  significant  level  of  pain  related

worrying[9;33]. The Central Sensitization Inventory (CSI) [26] is a screening instrument to

detect contributions of central pain sensitization, the cut-off score was set at 44 points[26].

However, studies indicated that the CSI seems unsuitable to detect changes in central pain and

is rather associated with psychological factors in patients with focal nerve injuries. Therefore,

the outcome for central sensitization should be interpreted within this context in this study

population[32]. 

2.4 Quantitative sensory testing (QST): Somatosensory profiles

Standardized QST was performed according to the QST protocol of the German Research

Network on Neuropathic Pain (DFNS)[43] by a second examiner  who was blinded to the

subgroup classification,  questionnaire  outcomes and medical  diagnosis.  The examiner  had

received training in the application of the QST protocol at a DFNS training center. The QST

was performed on the same day as the clinical examination. If this was not possible, a second



appointment  was made  which  had to  be  within  7 days  of  the  clinical  examination.  QST

parameters were taken from the area defined by the tested person as the most painful area and

the mirroring asymptomatic contralateral side[17]. The test battery consisted of the following

thermal parameters: cold and warm detection thresholds (CDT, WDT), alternating warm and

cold stimuli (thermal sensory limen (TSL)) including paradoxical heat sensations (PHS), cold

and heat pain thresholds (CPT, HPT). Further parameters were mechanical detection threshold

(MDT)  and  mechanical  pain  threshold  (MPT),  mechanical  pain  sensitivity  (MPS)  and

dynamic mechanical allodynia (DMA), wind-up ratio (WUR), vibration detection threshold

(VDT) and pressure pain threshold (PPT).

2.5 Statistical analysis and sample size estimation

We  hypothesized  to  find  significant  and  clinically  relevant  side  differences  of  QST

parameters  mainly  within  the  radiculopathy  subgroup.  Clinical  relevance  was  defined

according to effect sizes (cohen’s d for paired samples) as follows: 0 to 0.2 no effect, 0.2 to

0.5  small  effect,  0.5  to  0.8  moderate  effect  and >  0.8  large  effect[52].  Sample  size  was

calculated for paired t-test with a level of significance of 0,05, a power of 80%. Based on our

non-published QST data between sides in 40 persons with spine-related neck-arm pain we

assumed an effect size of 0,6 (and correlation of 0,65) between groups. This resulted in a

sample size of 24 patients per group to detect differences in QST measures between sides.

Sample size was calculated with G-Power (Version: G*Power 3.1.9.4.) Data were analyzed

by SPSS Version 27. 

All data were analyzed for their normal distribution (Kolmogorov-Smirnov). Not normally

distributed QST data were log transformed (expect CPT, HPT and VDT) before statistical

analysis[43].  Mean  values,  mean  differences,  standard  deviations  and  95%  confidence

intervals of the side differences were calculated for the asymptomatic and symptomatic side.



QST data were analyzed between sides within each group using paired t-tests and the related

effect sizes. Significance was accepted at p < 0.05 for all analyses.

The  normally  distributed  data  is  shown  as  mean  value  and  standard  deviation,  the  non-

normally distributed data via median and 25th and 75th percentile. The parameters age, sleep

quality and NDI were normally distributed and compared via one-way ANOVA including

LSD post-hoc test.  Pain intensity,  TSK-11, symptom duration (weeks),  PCS, CSI,  DASS,

DN4, BMI were not normally distributed and compared with Kruskal Wallis or chi-squared

tests. Since a mixed neck-arm pain presentation can include two or up to four subgroups per

patient, the mix of pain presentation was determined and the number of patients presenting in

a specific mixed presentation was calculated.  Data of the mixed pain group was analyzed

descriptively  and  not  used  for  any  comparisons.  The  number  of  patients  and  percentage

frequency of self-reported symptom descriptors and symptom descriptors reported in the DN4

questionnaire  were  calculated  and  the  chi-squared  test  was  used  to  determine  significant

differences between subgroups. 

3.0 Results

3.1 Patient subgroups

One  hundred  and  thirteen  people  participated  in  the  study.  The  percentage  frequency  of

dominant  subgroup  allocation  was  distributed  as  follows  (Fig.  1):  somatic  referred  pain

22.1%, heightened nerve mechanosensitivity 23.9 %, radicular pain 27.4 % and radiculopathy

26.5 %. A mixed pain presentation was observed in 77.0 % of patients (Table 1). The most

frequent  mixed  pain  presentation  was  somatic  referred  pain  with  heightened  nerve

mechanosensitivity  (n = 27).  Radicular  pain occurred just  as frequently  with (n = 19)  as

without radiculopathy (n = 19).



3.2 Patient demographics, psychosocial parameter and clinical profiles 

There were significant differences in pain duration between groups (Table 2). The radicular

pain and radiculopathy group had significantly shorter pain duration compared to the somatic

referred (p=0.034) and nerve mechanosensitivity groups (p<0.001).  In the somatic referred

pain group, 88% of patients  had pain for longer than three months,  as did 92.6 % in the

heightened nerve mechanosensitivity group, 66.7% in the radicular pain and 67.7% of patients

in the radiculopathy group. There were no statistically significant differences between groups

in  the  measures  of  pain  intensity,  sleep  quality,  pain  related  worrying,  fear  avoidance

behavior, anxiety, depression and stress scores and CSI. None of these measures achieved a

clinically significant cut-off. The NDI was also comparable and represented an average mild

disability in all groups.  Regarding medication intake,  patients in the somatic referred pain

group  took  NSAIDs  significantly  more  often  than  those  in  the  radicular  pain  and

radiculopathy group (p=0.007).

There  was  no  significant  difference  in  the  DN4 questionnaire  score between the  somatic

referred  pain  and  heightened  nerve  mechanosensitivity  group  (p=0.707).  Patients  in  the

radicular pain and radiculopathy group had significantly higher scores compared to patients in

the  other  two groups  (p=<0.001).  Patients  in  the  radiculopathy  group had a  significantly

higher score than the radicular pain group (p=0.011) and the radiculopathy group was the only

group meeting the mean cut-off score of 4 in the DN4, indicating likely neuropathic pain [6].

In the somatic referred pain group three persons out of 25 (12%) had a score ≥ 4, in the

heightened nerve mechanosensitivity group two out of 27 (7.4%), in the radicular pain group

14 out of 31 (45.2%) and in the radiculopathy group 20 out of 30 (66.7%).

Patients in the somatic referred pain (76%, p = 0,001) and nerve mechanosensitivity group

(92.6%, p = 0,001) indicated more frequently the neck as their main pain area, while the arm



was indicated more frequently as the main pain area in patients with radicular pain (58.1%,

p=0.001) and radiculopathy (70%, p=0.001) (Figure 2).  With regards to pain distribution, a

classical dermatomal [19] distribution [19] was documented in 8% of patients in the somatic

referred pain group,  in  none of the patients  with heightened nerve mechanosensitivity,  in

19.4% of patients with radicular pain and in 16.7% of patients in the radiculopathy group. A

positive ULNT was present in 61.3% of patients in the radicular pain group and in 66.7% of

patients in the radiculopathy group; there was no significant difference between these two

groups (Table 2). Spurling’s test was positive in 90% of patients in the radiculopathy group

and reproduced significantly more often patients’  pain than in all  other groups (p=0.001).

There were no statistically significant differences between groups in the presence of restricted

and painful active and passive movements or pain reproduction with muscle palpation.

3.4 Self-reported symptom descriptors (during interview) 

Symptom  descriptors  such  as  spontaneous  pain  (p=0.001),  numbness  (p<0.018),  tingling

(p<0.001),  electric  pain  (p<0.002),  and  pins  and  needles  (p=0.002)  were  mentioned

significantly more frequently in the radicular pain and radiculopathy groups than in the other

groups (Figure 3). Pins and needles were significantly more often mentioned in the radicular

pain  group  than  in  all  other  groups  (p=0.002).  Other  self-reported  symptom  descriptors

showed no significant differences between subgroups.

3.5 DN4 neuropathic symptom descriptors 

The frequency of chosen sensory descriptors and physical examination findings of the DN4

are  shown  in  Figure  4.  The  somatic  referred  pain  group  and  the  heightened  nerve

mechanosensitivity group did not differ in the frequency of their symptom descriptors except

for numbness,  the latter  being more common in the nerve mechanosensitivity  group with

25.9% (p=0.038). All symptom descriptors were present in less than 30% of patients in both



groups, except for tingling in the nerve mechanosensitivity group (33.3%). The radicular pain

and radiculopathy group did not differ in their reported frequency of burning, tingling, pins

and  needles  and  numbness,  but  electric  shock  was  significantly  more  common  in  the

radiculopathy group (50%) compared to the radicular group (22.6%) (p=0.026) and all others

(p=0.012). Itching was only reported by patients in the radicular group (9.7%). The radicular

group  reported  more  frequently  the  sensation  of  burning  (45.2%),  tingling  (64.5%)  and

numbness (48.4%) compared to the somatic group (p<0.020) and more often burning and

tingling compared to nerve mechanosensitivity group (p<0.031), as well as more frequently

the sensation of pins and needles (45.2%) compared to the nerve mechanosensitivity group

(p=0.031). The radiculopathy group reported tingling (66.6%) and pins and needles (53.3%)

significantly more often compared to the somatic  (p<0.027) and nerve mechanosensitivity

group (p<0.012). Painful cold sensation was reported in ≤ 20% of patients in each group and

the  frequency  did  not  differ  between  groups.  Regarding  physical  sensory  examination

findings of the DN4, the radiculopathy group demonstrated hypoesthesia to touch (63.3%)

and pinprick (53.3%) significantly more often compared to the somatic referred pain group

(p<0.004),  the  nerve  mechanosensitivity  group  (p=0.004)  and  the  radicular  pain  group

(p<0.013).  Of those  patients  who reported  numbness  on  the  DN4 (Fig.  3),  there  was no

confirmation of measured hypoesthesia to touch in the physical sensory examination in the

somatic referred pain group (0%), but in 3.7% of the nerve mechanosensitivity group, in 9.7%

of  the  radicular  pain  group  and  in  36.7%  of  the  radiculopathy  group.  Painful  brushing

occurred only in the radiculopathy group (3.3%).

3.6 Somatosensory profiles 

There  were  no  differences  of  QST measurements  in  the  maximal  pain  area  between  the

symptomatic and asymptomatic sides in the somatic referred pain group, heightened nerve

mechanosensitivity  and  radicular  pain  group  (Figure  5  and  6,  Supplement  2).  The



radiculopathy group showed significantly reduced cold (p = 0.024) and warm detection (p =

0.004),  TSL  (p  =  0.001),  as  well  as  mechanical  detection  sense  (p  =  0.001)  on  the

symptomatic side compared to the asymptomatic side. Additionally, there was a significant

hypersensitivity  to  cold  (p  =  0.049)  and  a  higher  wind-up  ratio  (p  =  0.014)  on  the

symptomatic  side  compared  to  the  asymptomatic  side  in  this  group  (Figure  5  and  6,

Supplement 2). In the somatic referred pain group, PHS was reported by five (20%), in the

heightened nerve mechanosensitivity group by three (11.1%), in the radicular pain group by

one (3.2%) and in the radiculopathy group by six (20%) patients. DMA was not reported in

any group.



4.0 Discussion

This study demonstrated that patients with spine-related neck-arm pain could be classified

into different subgroups according to a clinical framework of spine-related pain with most

patients presenting as a mixed phenotype and roughly equal distribution into the dominant

subgroups. We identified phenotypic plausible di erences among the clinically establishedff

subgroups in validated measures (QST, DN4). While all  groups were comparable in their

psychosocial  parameters  and most  physical  examinations  related  to  movement,  their  QST

somatosensory  and  symptom  descriptor  profiles  differed.  Only  the  radiculopathy  group

showed a significant  loss of function on the symptomatic  side in thermal  and mechanical

detection  and  cold  hyperalgesia.  All  other  groups  did  not  show  any  differences  in

somatosensory profiles between sides. Neuropathic symptom descriptors measured by DN4,

such as burning, tingling, pins and needles, numbness and electric pain/shock were far more

common in the radicular/radiculopathy groups compared to the somatic/mechanosensitivity

groups. This finding confirms the appropriateness of the self-reported descriptors which were

used for classification. Of note, symptom descriptors between the radicular and radiculopathy

group differed with more frequent self-report of pins and needles in the radicular group and

itching  being  only  present  in  the  radicular  group,  whereby  the  radiculopathy  group  was

characterized by more frequent electric shock type pain. These findings highlight differences

in somatosensory and symptom descriptor profiles of patients with spine-related neck-arm

pain and support the construct of using a clinical examination embedded within a clinical

reasoning framework for subgrouping.

Using  blinded,  validated  measures,  the  radiculopathy  subgroup  showed  increased  QST

thermal and mechanical detection thresholds in the main pain area, indicating a loss of small

and large sensory fiber function and cold hypersensitivity. These findings are consistent with

previous findings in patients with cervical[55;56;58] and lumbar radiculopathy[3;16;57]. The



documented loss of function aligns with the definition of radiculopathy[51] and supports the

clinical  judgement  in  subgrouping these  patients.  The DN4 also  identified  more  frequent

hypoesthesia  to  pin  prick  and  touch  in  radiculopathy  compared  to  all  other  groups.  Our

findings support the notion that bedside sensory testing is a valid tool for the assessment of

sensory alterations, as shown in numerous studies[27;41;42;66] and endorse the construct of

the clinical examination and decision making in classifying patients into the radiculopathy

subgroup. 

No other groups showed significant somatosensory differences between sides in the maximal

pain area. While numerous studies have investigated QST profiles in patients with neck-arm

pain[34;35;39;58], only one study applied QST in the patients’ main pain area[39] . In the

latter  study,  patients  with  neck-arm  pain  and  heightened  nerve  mechanosensitivity  and

patients with somatic referred pain did show differences in QST profiles compared to healthy

controls,  however  the study did not  assess  side differences.  We specifically  chose not  to

compare our patients to healthy control data,  as side comparison within each group is more

sensitive  to  detect  loss  or  gain  of  function  than  a  comparison  with  healthy  controls[43]

especially when adding the challenge of different tests sites as done here. Furthermore, the

side-by-side  comparison  is  the  usual  clinical  approach  for  assessing  sensory  aberrations,

reflecting  daily  clinical  practice,  and  excluding  confounders  like  sex,  age,  psychosocial

factors etc.

The  painful  radiculopathy  and  radicular  pain  group  demonstrated  largely  comparable

symptom descriptors, however some descriptors seemed to differentiate the groups, which has

not  been  reported  before.  The  presence  of  electric  shocks  clearly  distinguished  the

radiculopathy group from the radicular pain group and was the most dominant differentiator.

The sensation of itching, which is a typical neuropathic symptom descriptor and a sign of gain



of  function  due  to  damage  of  neurons[40],  occurred  only  in  the  radicular  pain  group.

However,  only a  minority  of  patients  in  this  group (9.7%) reported  itching,  reducing the

differentiating  value  of  this  descriptor.  Self-reported  pins  and  needles  occurred  more

frequently  in  the  radicular  pain  group which  was  not  observed  in  the  DN4 data  or  in  a

previous study in patients with cervical radicular pain/radiculopathy[55]. Also, the frequency

of symptom descriptors was generally higher in the DN4 than on self-report. This discrepancy

between unprompted self-reported descriptors and descriptors provided by the questionnaire

may be explained by the fact that the DN4 prompts patients towards a range of sensations.

These findings suggest that prompting of specific symptom descriptors should be added to

interview based self-reported descriptors to not miss valuable information. With respect to

physical examination tests, only one assessment differentiated the painful radiculopathy group

from all others, i.e. the Spurling’s test was most often reproducing symptoms in the painful

radiculopathy group. Our results suggest that while the neurological identification of loss of

function remains the hallmark of painful radiculopathy, specific symptom descriptors and the

Spurling’s test may heighten clinical suspicion, although these are not perfect discriminators

between painful radiculopathy and radicular pain.

Apart from the dominant loss of function phenotype in the painful radiculopathy group, the

clinical  profiles seemed to show similarities  within the somatic/mechanosensitivity  groups

versus  the  radicular/radiculopathy  groups.  Typical  descriptors  of  neuropathic  pain  (self-

reported and DN4) and a more dermatomal pain distribution were reported more frequently in

the radicular/radiculopathy groups. However, it should be noted that the majority of patients

with radicular pain/painful radiculopathy still presented with extradermatomal symptoms as

previously reported[36]. Symptom distribution in isolation is thus not a strong discriminator.

Similarly, the majority of patients in these two groups felt the worst pain in their arm rather



than  the  neck  which  is  a  common  presentation  of  radicular  pain  and  painful

radiculopathy[28;59]. 

The  dominant  heightened  nerve  mechanosensitivity  subgroup  presented  more  similar

symptom descriptors and clinical profiles to somatic referred pain than radicular pain/painful

radiculopathy. Of note though, heightened nerve mechanosensitivity was a feature of many

mixed pain presentations with 61-67% of patients with radicular pain/painful radiculopathy

also demonstrating heightened nerve mechanosensitivity. Historically, ULNTs are often part

of diagnostic test clusters for radiculopathy[28;49]. However, our results clearly highlight that

ULNTs are not selectively positive in painful cervical  radiculopathy. Similar  observations

were reported in patients with carpal tunnel syndrome[4], where 54% of patients had negative

ULNTs despite  electrodiagnostically  confirmed median  nerve  injury.  The reasons for  this

discrepancy remain elusive, but it was speculated that a more pronounced sensory loss of

function found in patients with negative ULNTs may reduce neural mechanosensitivity of

nervi nervorum [50].

There were only a few clinical differences between the somatic referred pain group and the

nerve mechanosensitivity group. The somatic referred pain group did report electric pain in

the subjective examination,  but the nerve mechanosensitivity group did not. However, this

difference  was no longer  present  in  the  DN4 when patients  were prompted for  symptom

descriptors. Numbness on DN4 was reported more frequently in the nerve mechanosensitivity

group. Interestingly, comparing the percentage of patients documenting hypoesthesia to touch

in the physical examination of DN4, the reported numbness was confirmed upon physical

testing for only 3.7% of neural tissue mechanosensitive patients and for none in the somatic

referred pain group. Maybe some patients reported symptoms in the DN4 that apply to other

body regions than the maximal pain area, or there was a discrepancy between experienced and



measured  signs  or  symptoms,  as  has  been  documented  for  numbness  in  patients  with

fibromyalgia[53]  or  for  weakness  in  patients  with  spine-related  leg  pain[10].  The  DN4

seemed to be able to discriminate between clinically defined nociceptive and neuropathic pain

presentations. Only the radiculopathy group achieved the cut-off score of 4, indicating likely

neuropathic pain. 

Of note, demographic (sex, age, BMI), psychosocial (PCS, TSK-11, DASS, CSI) and several

clinical  parameters  (pain  intensity,  sleep  quality,  NDI)  were  largely  comparable  among

subgroups and of sub-clinical relevance, suggesting that these may not be strong indicators to

inform clinicians  about  patients’  classification.  Similarly,  further  clinical  parameters  like

restricted  and  painful  active  and  passive  cervical  movements  and  muscle  palpation  were

comparable and seem not suitable to differentiate between the subgroups. Our patient groups

demonstrated only mild disability and moderate pain intensity with a maximum of 6/10 in the

nerve mechanosensitivity  group. None of the patients  took strong analgesic or medication

targeting neuropathic pain. While our patient cohort was limited to patients seen in primary

care,  it  is  possible  that  some clinical  measures  may differentiate  between subgroups in  a

cohort with higher pain and disability.

Strengths and limitations

The strength of our study lies in the comprehensive clinical  examination,  the strict  group

allocation based on recent recommendations and terminology[51], the blinded QST and DN4

assessment, within group QST side comparisons and a robust statistical method with adequate

sample sizes. A limitation is that not all patients were examined clinically and via QST on the

same day and therefore there could have been potential changes in health conditions between

the two assessments. However, of the 46 patients not examined on the same day, there was an

average delay of only 1,4 (SD 2.3) days. The clinical group allocation was only classified by



one examiner (CK) and not confirmed by another clinician,  however, we have previously

shown  substantial  reliability  for  the  application  of  the  clinical  framework  in  the  same

cohort[23]. To avoid confounding of our results, we specifically excluded patients with co-

existing non-spine-related musculoskeletal conditions, potentially limiting generalizability of

our  findings  to  patients  with  multiple  conditions.  It  remains  be  investigated  whether  the

clinical  framework  can  equally  be  applied  in  patients  with  co-existing  conditions  (e.g.,

classifying each condition separately).

Conclusion

The clinical framework for spine-related pain could readily be applied in a cohort of patients

with  spine-related  neck-arm  pain.  The  clinical  judgement  on  patient  subgrouping  was

substantiated  by  validated  measures  demonstrating  the  di erences  in  somatosensory  andff

symptom descriptor  profiles  between  subgroups.  Future  studies  would  have  to  explore  if

targeted management towards these subgroups will results in better outcomes for patients with

spine-related neck-arm pain.
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Fig.  1)  Flowchart  and  classification.  Please  note  that  N-numbers  are  not  exclusive

presentations, but one patient could be classified into more than 1 group, at which point they

would also be part of the mixed group.



Fig. 2) Percentage frequencies of maximal pain areas in each subgroup.



Fig. 3) Percentage frequencies of self-reported pain descriptors based on the subjective 
examination.



Fig. 4) Percentage frequencies of pain descriptors based on the DN-4 Questionnaire.



Fig. 5) Side difference of QST parameters in each subgroup. CDT (cold detection threshold),

WDT (warm detection threshold), TSL (thermal sensory limen), CPT (cold pain threshold)

and HPT (heat pain threshold).  Log- transformed mean value difference (except for CPT,

HPT) between sides is shown. Error bars indicate the 95% CI (confidence interval). 

* Significant di erence between sidesff



Fig. 6) Side difference of QST parameters  in each subgroup. MDT (mechanical  detection

threshold),  MPT  (mechanical  pain  threshold),  MPS  (mechanical  pain  sensitivity),  VDT

(vibration detection threshold), WUR (wind-up ratio pain threshold) and PPT (pressure pain

threshold),  mN  (milliNewton),  NRS  (numeric  rating  scale),  kPa  (kilopascal).  Log-

transformed mean value  difference  (except  for  VDT) between sides  is  shown.  Error  bars

indicate the 95% CI (confidence interval). 

* Significant di erence between sidesff



Table 1) (Mixed) subgroup classification of study population

Somatic Mechanosensitivity Radicular pain Radiculopathy Number of

participants

x 25

x x 27

x x x 19

x x 10

x 1

x x 1

x x x 10

x x x 1

x x x x 19

Total 113



Table 2) Demographic and clinical data of study population classified into the dominant subgroups



Variable Somatic

referred pain

Mechanosensitivity Radicular Pain Radiculopathy P-value

N = 113 N = 25 N = 27 N = 31 N = 30 /

Sex female 18 19 17 17 0.417

Age years * 43.8 (10.9) 46.2 (13.4) 49.5 (9.6) 47.8 (11.9) 0.135

Sleep quality (NRS)* 3.6 (2.3) 4.7 (2,6) 4.6 (1.8) 3.9 (2.5) 0.213

NDI* 12.4 (4.5) 13.5 (4.7) 13.4 (7.4) 11.1 (6.0) 0.373

BMI 25.2 (21.5; 27.6) 24.1 (20.3; 27.7) 24.5 (22.3; 27.5) 23.9 (22.2; 26.6) 0.930

Pain intensity 5 (4; 7) 6 (5; 6) 5 (4; 7) 4 (3; 6) 0.357

Pain duration (weeks)* 80 (18; 260) c, d 156 (44; 312) c, d 24 (8; 78) a, b 22 (8; 84.5) a, b <0.001

PCS 11 (5; 26) 14 (8; 21) 9 (3; 25) 12,5 (5; 22) 0.816

CSI 32 (23.5; 43.5) 31 (25; 44) 25 (18; 36) 27,5 (16; 40.5) 0.228



Data are presented as number of patients (n) and frequency (%), mean (SD)*, or median (25 th and 75th percentile). Bold numbers indicate significant

di erence between groups. Significant differences are marked as follows: ff a Significantly different to somatic referred pain; b Significantly different

to mechanosensitivity; c Significantly different to radicular pain; d Significantly different to radiculopathy. NRS: Numeric rating scale, NDI: Neck

Disability  Index,  PCS:  Pain  Catastrophizing  Scale,  CSI:  Central  Sensitization  Inventory,  TSK-11:  Tampa  Scale  for  Kinesiophobia,  DASS

Depressions- anxiety- stress- scale; DN-4: Douleur neuropathique 4, BMI: body mass index, ULNT: Upper limb neurodynamic tests.



Supplement 1

CLINICAL EXAMINATION FORM

ID:
DOB:

Date: Age: Sex: Profession:
Dominant side: Height: Body Weight: BMI:

Main Problem:

Current Hx:

Past Hx:



Pain behaviour:
Aggravating factors:

Ease factors:

Mechanical pain behaviour:

Spontaneous pain behaviour:

Painful cold:

24h:
N:

Do you wake up tired and not recovered? ‘Never’   ‘seldom’   ‘often or usual’   ‘always’

Sleep quality:

_______________________________________________

0        10 
Good sleep        Poor sleep

AM:

During the day:

End of day:

General health:



Comorbidities/fracture/Trauma/Op:

Fatigue: Are you generally tired over the day? ‘Never’ ‘seldom’ ‘often or usual’ 
‘always’

Diabetes:                                           
Thyroid disease:
Rheumatoid arthritis:
B12:
Handling or working with toxins:

X-Ray, MRI etc.:

Weight loss:

Spinal cord symptoms:

Vertebral artery signs:

Reaction to coughing/sneezing:

Medication:
Name Dosage Duration of intake Effect



PHYSICAL EXAMINATION

pp (NRS):

Inspection:

Functional demonstration:

Active movements:

Cervical 
spine

Range, Symptom, 
Quality of movement

Shoulders Range, Symptom, 
Quality of movement

Flexion: Flexion:

Extension: Abduction:

Rotation 
right:

Abduction + 
cervical 
contralateral 
Lateral flexion:

Rotation left: Abduction + hand 
dorsal extension:

Lateral 
flexion right:
Lateral 
flexion left:

Spurling’s Test (Lateral Flexion, Rotation, Compression.):
Right:

Left:



Neurological examination
Strength

Rating 5/5=√
Left Right

Scapula Elev. (C4)

Shoulder ABD (C5)

Elb. Flex. (C5/6)

Elb. Ext. (C6/7)
Hand Ext. (C7)
Thumb Ext. (C8)
Finger Flex.
Interossei (T1)
others

Reflex Hyperreflexia/Clonus: ++++
Increased: +++
Normal: ++ 
Reduced: +
Absent: -

Left Right
BICEPS
TRICEPS
BRACHIORADIAL
PRONATOR QUA.

Sensation Intensity
N = normal
Less = Hypoaesthesia
Loss = Analgesia
Increased = Hyperaesthesia

Quality
N = Normal
C = Changed (Paraesthesia, 
Dysaesthesia (unpleasant), 
Allodynia)

Dermotome C4 – T1
Left Right

Intensity Quality Intensity Quality
Soft touch 
(cotton wool)
Pin Prick

Maximal pain area:



Left Right
Intensity Quality Intensity Quality

Soft touch
(cotton wool)
Pin Prick
Cold (Coin)
Warm (Coin)
Ice cube test
Vibration
Second pain area:
Soft touch
(cotton wool)
Pin Prick
Cold (Coin)
Warm (Coin)
Ice cube test
Vibration

Others Left Right
BABINSKI
CLONUS
Gait
BALANCE
Single leg stance
Romberg Test
COORDINATION
Tandem walk

Upper Limb Neurodynamic Tests:

Nerve palpation:
Right Left

Median nerve:
Radial nerve:
Ulnar nerve:

Passive movements cervical spine
Passive Physiological Intervertebral Movements cervical spine:

Passive Accessory Intervertebral Movements cervical spine:  
Central, unilateral (with angulations) Cervical 1 - 7



Palpation (Triggerpoints):

Scalenus muscle right: left:
Pectoralis minor muscle right: left:
Subclavius muscle right: left
Infraspinatus muscle right: left:
M. levator scap right: left:
Upper trapezius right: left:



Supplement 2: Table 1) QST parameters (mean +/- SD and effect size) on the asymptomatic and symptomatic side for each subgroup 

QST

parameter

Subgroup Asymptomatic Side Symptomatic Side Difference P - Value Effect

size

CDT (°C) Somatic 1.66 (1.20) 1.45 (1.43) 0.21 (1.17) 0.524 0.129

Mechanosensitivity 1.62 (0.98) 1.62 (1.31) 0.00 (1.38) 0.951 0.012

Radicular Pain 1.93 (1.64) 2.03 (1.57) 0.10 (1.21) 0.152 0.260

Radiculopathy 1.86 (1.70) 2.30 (1.63) 0.44 (1.80) 0.024 0.435

WDT (°C) Somatic 3.42 (1.79) 3.80 (1.32) 0.38 (2.30) 0.157 0.293

Mechanosensitivity 2.69 (1.10) 2.95 (1.89) 0.26 (1.23) 0.268 0.218



Radicular Pain 3.46 (3.32) 3.56 (2.41) 0.10 (1.45) 0.091 0.309

Radiculopathy 2.99 (2.02) 3.90 (1.71) 0.91 (2.66) 0.004 0.570

TSL (°C) Somatic 5.85 (2.83) 6.21 (2.74) 0.35 (2.63) 0.336 0.196

Mechanosensitivity 5.08 (3.81) 5.43 (2.16) 0.35 (4.02) 0.939 0.015

Radicular Pain 6.25 (4.11) 6.13 (3.38) 0.12 (1.87) 0.740 0.059

Radiculopathy 5.53 (2.96) 7.51 (4.44) 1.98 (3.96) 0.001 0.676

CPT (°C) Somatic 17.63 (9.45) 17.44 (9.22) 0.18 (5.42) 0.868 0.034

Mechanosensitivity 13.92 (8.13) 15.43 (7.90) 1.51 (8.09) 0.340 0.187



Radicular Pain 12.89 (8.28) 15.90 (8.92) 3.01 (8.60) 0.062 0.343

Radiculopathy 13.40 (8.59) 16.33 (9.47) 2.93 (7.82) 0.049 0.375

HPT (°C) Somatic 43.28 (4.32) 43.80 (3.16) 0.52 (3.51) 0.465 0.149

Mechanosensitivity 43.56 (9.21) 43.86 (8.46) 0.30 (3.69) 0.675 0.081

Radicular Pain 44.22 (4.33) 44.64 (4.04) 0.42 (2.87) 0.445 0.137

Radiculopathy 44.20 (3.29) 44.45 (3.76) 0.25 (3.27) 0.676 0.077

MDT (mN) Somatic 2.68 (3.42) 3.19 (3.32) 0.51 (2.84) 0.081 0.364

Mechanosensitivity 3.32 (6.94) 10.13 (34.64) 6.81 (28.19) 0.170 0.271



Radicular Pain 2.28 (3.26) 2.71 (4.29) 0.43 (1.75) 0.216 0.223

Radiculopathy 1.75 (2.04) 5.12 (7.71) 3.37 (7.62) 0.001 0.867

MPT (mN) Somatic 46.09 (94.94) 33.18 (47.78) 12.91 (56.46) 0.524 0.129

Mechanosensitivity 34.11 (96.25) 37.70 (79.71) 3.59 (30.18) 0.157 0.280

Radicular Pain 41.68 (48.02) 37.87 (37.54) 3.81 (37.79) 0.500 0.121

Radiculopathy 66.43 (83.44) 90.49 (143.37) 24.06 (77.43) 0.636 0.087

MPS 

(NRS 0-100)

Somatic 6.31(6.99) 5.43 (6.21) 0.88 (5.36) 0.419 0.164

Mechanosensitivity 5.03 (5.76) 3.61 (4.51) 1.42 (3.07) 0.322 0.194



Radicular Pain 4.19 (5.07) 3.93 (4.70) 0.26 (2.14) 0.989 0.002

Radiculopathy 3.75 (6.10) 3.81 (6.12) 0.06 (3.63) 0.910 0.021

WUR (ratio) Somatic 3.95 (3.54) 4.54 (3.92) 0.59 (3.33) 0.387 0.176

Mechanosensitivity 3.91 (3.38) 4.27 (4.04) 0.36 (1.89) 0.309 0.200

Radicular Pain 3.79 (4.31) 3.79 (4.34) 0.01 (1.23) 0.302 0.186

Radiculopathy 2.59 (1.77) 3.20 (1.94) 0.60 (1.35) 0.014 0.479

VDT (x/8) Somatic 4.79 (1.08) 4.61 (1.19) 0.19 (0.71) 0.204 0.261

Mechanosensitivity 4.86 (1.33) 4.78 (1.14) 0.08 (0.65) 0.529 0.123



Radicular Pain 5.40 (2.09) 5.00 (1.25) 0.40 (1.76) 0.230 0.217

Radiculopathy 5.17 (1.25) 5.08 (1.15) 0.08 (0.74) 0.542 0.113

PPT (kPa) Somatic 282.44 (117.0) 290.32 (290.32) 7.88 (83.16) 0.596 0.107

Mechanosensitivity 334.44 (124.69) 333.41 (155.89) 1.03 (89.35) 0.421 0.157

Radicular Pain 392.58 (208.70) 377.39 (194.91) 15.19 (100.81) 0.623 0.088

Radiculopathy 396.96 (182.03) 412.60 (187.19) 15.64 (66.82) 0.370 0.166

Mean and standard deviation (± SD) of untransformed QST raw data are shown. P- values and effect size calculated with log-transformed QST data

(expect normal distributed data CPT, HPT, VDT). Bold numbers indicate significant di erence between sides. QST: quantitative sensory testing;ff

CDT: cold detection threshold; WDT: warm detection threshold; TSL: thermal sensory limen; CPT: cold pain threshold; HPT: heat pain threshold;



MDT: mechanical detection threshold; MPS: mechanical pain sensitivity; MPT: mechanical pain threshold; VDT: vibration detection threshold;

WUR, wind-up ratio pain threshold; PPT: pressure pain threshold, mN: milliNewton, NRS: numeric rating scale; kPa: kilopascal.


