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Abstract 

Chronic low back pain is a highly prevalent condition with unclear pathological underpinnings for 

majority of the cases. Lack of a mechanistic understanding of the exaggerated pain experience can 

negatively affect treatment strategies. Over time, quantitative sensory testing has evolved to extend and 

elaborate on the differential diagnosis of conditions of sensori-neural origin, including chronic pain 

conditions. Many studies have attempted to classify patients of chronic low back pain using quantitative 

sensory testing but there are is no protocol or modality that has been standardised to assess the same. A 

case-control study was designed to test the degree of sensitisation in patients of chronic low back pain in a 

hospital setting. Gradient of thermal stimuli at the local site (low back region) and the distant site (hand) 

using method of limits. Series of two-group comparisons were done to compare the study groups. 

Compared to the pain-free volunteers, patients of chronic low back pain homogenously displayed 

hyperalgesia at the local and the distant site suggesting widespread sensitisation. Thus, the present study 

presents a simple and effective quantitative sensory test to capture the ambiguities of sensory changes in 

chronic low back pain. 
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Introduction 

Low back pain is a medically obscure condition
(1-

2)
 whose prevalence continues to grow at a 

dramatic rate.
(3) 

The physiological underpinning of 

non-specific low back pain, that can constitute up 

to 90% of cases, is unknown but believed to be a 

prismatic of multiple aetiologies and 

pathologies.
(4) 

Though acute low back pain is 

easily managed without medical attention, only a 

handful of patients of chronic low back pain 

respond to traditional treatment options such as 

physical interventions
(5)

 and analgesics
(6)

.  

Scientists believe that inherent differences of 

sensitivity phenotypes maybe reflective of 

different stages of ‘sensitisation’ that could 

explain the degree of responsiveness to the 

http://jmscr.igmpublication.org/home/ 

ISSN (e)-2347-176x  ISSN (p) 2455-0450 

                           DOI: https://dx.doi.org/10.18535/jmscr/v9i3.30 

 

 

 



 

Srishti Nanda et al JMSCR Volume 09 Issue 03 March 2021 Page 161 

 

JMSCR Vol||09||Issue||03||Page 160-172||March 2021 

conventional medications.
(7)

 This is easier than 

done as the (i) transition of various degrees of 

sensitisation is difficult to define without looking 

at the properties of the individual neurons,
(8)

 (ii) 

the episodic nature of low back pain can introduce 

bias in recall of sensitisation.
(9) 

Given the vast 

differences in the treatment outcomes, it is 

plausible that a clearer way of segregation 

between ‘locally/peripherally sensitised’ from 

‘centrally sensitised’ may help determine the 

course of medical treatment.
(10)

 

The application of exogenous sensory stimulus 

(pressure or thermal) has been a time-tested way 

to surrogately study the state of sensitisation. 

Quantitative sensory testing refers to a set of 

protocols that record the perceptual experience of 

pain in response to exogenous sensory stimulus 

applied in a quantifiable and replicable manner.
(11) 

More than a few studies have sensory testing in 

chronic low back pain. On one hand, studies have 

reported hypersensitivity.
(12–19)

On the other hand, 

studies have found numbness in patients of 

chronic low back pain
(20–23)

 and others suggesting 

hypersensitivity.
(24)

 Thus, these studies suggest 

that the response of patient to quantitative sensory 

testing has been heterogenous, also the study 

designs have limitations of proper blinding, and 

statistical power.
(25)

At the present moment, there 

is no clear consensus on which sensory testing 

protocols would be the most clinically relevant for 

chronic low back pain. 

The aim of the present study was to study how 

chronic low back pain could modulate the sensory 

experience. For this, a case-controlled study was 

designed using a gradient of thermal stimuli 

delivered at the local site (low back) and at a 

control site (hand). 

 

Materials and Methods 

Study Design and Setup 

The study was designed as a cross-sectional, case-

control investigation involving a single-time point 

of assessment. The laboratory measures described 

below were performed in the Pain Research and 

TMS Laboratory, Department of Physiology, All 

India Institute of Medical Sciences (AIIMS), New 

Delhi. All assessments were performed in a 

laboratory setup dedicated for the assessment of 

pain done in a quiet room maintained at a constant 

temperature and humidity,
(26)

between 0930 to 

1130 hours.
(27) 

Studies have shown that 

quantitative sensory testing can get affected by 

menstrual cycle phases,
(28,29)

 tests for female 

participants were done during the mid-luteal 

phase. The participants were asked to refrain from 

taking any rescue analgesics, neuro-active 

substance, repetitive hand movement, repetitive 

back movement, or exercises for 24 hours before 

the investigations.
(30)

 

 

Participant Recruitment 

Chronic low back pain patients visiting the 

outpatient Department of Physical medicine and 

rehabilitation were screened for recruitment. 

Chronic low back pain of non-specific origins was 

defined as per the report of the National Institute 

of Health on research standards for chronic low 

back pain for identifying cases with non-specific 

pathology.
(1)

 Usual ‘red flags’ and cases that could 

be explained by specific pathologies (like cauda 

equina syndrome and radiculopathy) were ruled 

out according to the standard clinical 

guidelines.
(2,31)

 Tests like straight leg raising tests 

and power were used to rule our neurological 

symptoms.
(32)

 All patients of chronic low back 

pain had been prescribed a standard set of 

exercises at the start of the study as a part of the 

standard care prescribed by the Department of 

Physical Medicine and Rehabilitation as a part of 

their routine outpatient department for chronic 

non-specific low back pain. Each recruited patient 

was matched by age- and sex- with a pain-free 

volunteers. Pain-free state was defined as not 

having any pain, recurring or resembling chronic 

pain experience in any way. The inclusion and 

exclusion criteria for patients and pain-free 

volunteers are as follows. Right-handed 

individuals (using Edinburgh handedness 

inventory)
(33)

 of either sex, aged 18 to 65 years 

were included after screening. The exclusion 
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criteria were: presence of any major illness that 

prevents the participants from adhering to the 

standard of care (psychiatric, neurological, 

autoimmune or cardiovascular), contraindications 

to participation in an upcoming clinical trial 

(metallic implants, intra-cardiac lines, neuro-

active drugs, history of seizures, major head 

trauma in past six months;
(34)

 history of opioid or 

substance abuse;
(35-37)

pregnancy or lactation. 

 

Intensity of Back Pain 

Visual analogue scale is a linear continuous scale 

to quantify pain intensity. It was represented by an 

11-cm long line and two anchors, “0” = no pain 

and “10” = maximum pain experienced. The 

participants were asked to place a perpendicular 

line at a position closest to their pain experience in 

the past month. The distance between “0” anchor 

and participant’s score were measured in cm, 

resulting in scores ranging from 0 to 10. The 

internal consistency Cronbach’s alpha and test-

retest reliability for the scale is excellent for 

patients of chronic pain
(38)

 and is validated method 

for chronic low back pain under a variety of 

settings.
(39)

 

 

Quantitative Sensory Testing 

A gradient of thermal gradient was done using the 

method of limits for three outcome measures 

(temperature detection threshold, pain detection 

threshold, pain tolerance threshold), using two 

stimulating modalities (hot and cold), at two test 

sites (hand and back). The thermal temperature 

gradient was controllable by the software setting 

using the method of limits.
(26,38)

 

An assumption for the method of limits is that 

there exists an absolute and constant threshold that 

is discernible by the participants. Figure 1 shows 

the details of the stimulation paradigm. The 

present study was performed using Neurosensory 

Analyzer TSA-II 2000 (Medoc Ltd, Israel). A 30 x 

30 mm
2
 thermal device connected to Medoc TSA-

II was used to deliver all thermal stimuli. It is gel-

cooled equipment that controls the temperature of 

the connected thermode as per the computerized 

command. It was tied the requires test site with 

either the attached velcro strap or by using a belt. 

Before the test, the surface area to be tested was 

cleaned using alcohol swab. The thermode was 

tied to the dorsal side of the first dorsal 

interosseous of the dominant hand. The superior 

borders of the posterior iliac crests are identified 

as indicator of L4 spinous process. This was used 

to locate the L3-L4 inter-osseous space by 

palpating. A distance of 5 cm was measured 

lateral from this point box of 3 cm was drawn 

lateral from the space high points of the iliac crest 

was palpated used as an indicator of L3-4 inter-

osseous space.
(39)

 

For our experiments, the baseline temperature was 

kept at 32 °C; the thermode was kept tied to the 

skin surface to allow the skin temperature to adapt 

to the thermode’s temperature. As soon as the 

responder pad is clicked (as per the instruction), 

the change in temperature switches direction to go 

back to the baseline values. The outer limits of the 

temperature were kept 0 °C (for cold stimuli) and 

at 52 °C (for hot stimuli) to prevent any tissue 

damage. In the method of limits, the stimuli are 

presented in a graduated format, and the 

participants is required to ascertain the point at 

which the stimulus switches from non-perceivable 

to perceivable (separating signal from the noise). 

The assumption is that the participant would 

readily indicate this point of detection and click 

the responder pad immediately. Thus, the method 

is limited by the time elapsed between the 

detection and clicking introducing errors on 

towards the right-side of the measurement. The 

rate of rise was 1 °C/ sec and rate of fall was 8 °C/ 

sec. The response could be recorded by clicking 

on the responder pad (by the participant). The 

temperature at which the responder pad is clicked 

appears on the screen before falling back to the 

baseline. An inter-stimulus interval of 3 to 5 sec 

was kept for each recording session. Each session 

consisted of 10 hot and 10 cold stimuli (pseudo-

randomized by the system), giving a total of 20 

stimuli. Subsequent thermal stimuli are given at 

an interval of 3 to 5 seconds to sidestep the issue 
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of anticipation bias.
(40) 

In an eyes closed condition, 

the participants were asked to indicate the 

temperature detection threshold by clicking on a 

response pad connected to the thermode. They 

were instructed to announce the modality of the 

stimulus (whether hot or cold) and the intensity of 

pain felt on an 11-pt visual analogue scale.
(41)

 

Prior to the test, sufficient familiarity sessions 

were given to each participant were given before 

each assessment to acquaint them with the details 

of the protocol. 

Temperature detection threshold was defined as 

the temperature at which a change from the 

baseline temperature was first detected. Pain 

threshold was defined as the minimum 

temperature at which the first sensation of pain 

was felt (up till ‘3’ on a continuous 11-point 

visual analogue scale for pain intensity). 

Tolerance threshold was defined as the 

temperature at which a moderate level of pain was 

felt (from ‘3’ to ‘6’ on a continuous 11-point 

visual analogue scale for pain intensity). The 

results of each modality (hot detection threshold, 

cold detection threshold, hot pain threshold, cold 

pain threshold, hot pain tolerance threshold, cold 

pain tolerance threshold) were averaged for each 

individual at each test site and then pooled for the 

study groups. Data was imported to an external 

file and re-analyzed offline by an assessor not 

involved with the recruitment of participants and 

recording of the outcome assessment. 

 

 
A                                                   B 

 
C                                         D 

                           E 

Stimulation details 

Baseline 32 C 

Rate of ascent 1 C/ sec 

Rate of descent 8 C/ sec 

Inter-stimulus interval 3 to 5 seconds 

Number of stimuli 10 /modality 

Number of modalities 3 

Parameters Hot detection threshold 

Cold detection threshold 

Hot pain threshold 

Cold pain threshold 

Hot pain tolerance threshold 

Cold pain tolerance threshold 
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Figure 1 | Setup for assessment of quantitative sensory testing 

A. Computer-based Peltier-based thermode Neurosensory Analyser (Medoc Inc, Israel), B. An example of a 

report generated after a trial run; C. Schematic region being tested at the low back region; D. Schematic 

diagram showing the site of testing at the dorsum of the hand; E. Parameters of stimulation of delivering 

thermal stimuli; F. Example of a participant undergoing familiarity sessions for the hot modality at the 

dorsum of the hand in an eyes-closed conditioned. 

 

Statistical Analysis 

Continuous variables were summarized as mean ± 

standard deviation and compared using unpaired t-

test or Mann-Whitney U-rank test. Discrete 

variables were presented as frequency 

(percentage) and compared using Chi-squared test. 

All statistics was analyzed using GraphPad Prism 

(version 8.0; GraphPad Inc, CA, USA) keeping 

level of significance at 5%. 

 

Results 

We enrolled 123 patients of chronic low back pain 

and pain-free volunteers. Table 1 depicts the 

participant characteristics. No significant 

differences were found for the sociodemographic 

data like age, sex distribution, working status, or 

educational status. 

 

Table I. Participant characteristics: Pain-free volunteers vs. Chronic low back pain 

 Pain-free 

volunteers 

(n = 123) 

Chronic low back pain 

(n = 123) 

P-value 

Age, mean ± SD 34.78 ± 7.87 35.98 ± 9.94 0.145 

Sex distribution    

   Female, f(%) 56 (47.15) 58 (47.15)  

   Male, f(%) 67 (52.85) 65 (52.85) 0.998 

Working status    

   Working,f(%) 90 (68.29) 84 (68.29)  

   Not working,f(%) 33 (31.71) 39 (31.71) 0.564 

Educational Status    

   Primary education, f(%) 17 (13.82) 25 (20.32)  

   Secondary education, f(%) 43 (34.95) 42 (34.14)  

   Tertiary education,f(%) 63 (51.22) 56 (45.58)  

 

Table showing the demographic characteristics 

between the groups. Data as mean ±standard 

deviation or frequency (percentage). Comparisons 

were made using Mann-Whitney U-rank test, Chi-

squared test, or unpaired t-test as appropriate. 

Level of significance was set at 5%. 

 

 

 



 

Srishti Nanda et al JMSCR Volume 09 Issue 03 March 2021 Page 165 

 

JMSCR Vol||09||Issue||03||Page 160-172||March 2021 

Table II. Sensory responses at the local site (back): Pain-free volunteers vs. Chronic low back pain 

At back 
Pain-free 

volunteers 

(n = 123) 

Chronic low back pain 

(n = 123) 

P-value 

Hot detection threshold at back 34.87 ± 1.23 34.98 ± 1.45 0.666 

Cold detection threshold at back 30.75± 0.85 30.43± 1.56 0.455 

Hot pain threshold at back 36.60 ± 1.49 36.11 ± 5.07 0.264 

Cold pain threshold at back 26.95± 5.04 25.37± 6.62 0.455 

Hot tolerance threshold at back 40.78± 1.55 43.22± 2.23 0.004* 

Cold tolerance threshold at back 23.95± 6.78 21.08± 8.98 0.005* 

Data as mean ±standard deviations. Comparisons were made using unpaired t-test. Asterisk (*) denotes statistical significance at 

0.05. 

 

Table III. Sensory responses at the control site (hand): Pain-free volunteers vs. Chronic low back pain 

At hand 
Pain-free 

volunteers 

(n = 123) 

Chronic low back pain 

(n = 123) 

P-value 

Hot detection threshold at hand 34.42 ± 1.17 34.43 ± 1.43 0.975 

Cold detection threshold at hand 31.32± 0.68 30.35± 1.64 0.367 

Hot pain threshold at hand 37.57 ± 1.49 37.38 ± 1.41 0.437 

Cold pain threshold at hand 27.46± 4.53 23.69± 8.31 0.367 

Hot tolerance threshold at hand 40.41 ± 1.48 40.38 ± 1.55 0.911 

Cold tolerance threshold at hand 24.54± 5.63 22.78± 6.77 0.027* 

Data as mean ± standard deviations. Comparisons were made using unpaired t-test. Asterisk(*) denotes statistical significance at 

0.05. 

 

Pain at the time of the test was reported by 

30.08% of the patients (37 out of 123 patients); 17 

patients reported 1/10 and 20 patients reported 

pain at 2/10 at the time of time of testing. No 

differences in sensory threshold were observed 

between the patients who had pain at time of test 

and those who did not have pain (P< 0.05). No 

correlation was found for intensity of duration of 

pain or pain intensity with sensory tests (P< 0.05). 

 

Discussion 

The present study was aimed at analyzing thermal 

thresholds in chronic low back pain using 

quantitative sensory testing. It was observed that 

sensory responses towards temperature and pain 

thresholds were comparable between chronic low 

back pain and pain-free volunteers. Amongst the 

different intensities of stimulus, moderate pain 

could capture induce sensory at the local site (low 

back) and distant sites (hand). The sensory 

paradigm remained unaffected by characteristics 

of chronic low back pain. 

The main finding of the study was that 

hyperalgesia at the local site (at the low back 

region) and at the distant site (at the hand region) 

was found using thermal stimuli. Augmented 

widespread sensitivity of the primary afferents 

afflicts most chronic pain conditions,
(42) 

including 

chronic low back pain.
(25)

At the local site, there is 

some evidence indicating increased inflammatory 

mediators, sensory innervations, and lowered 

synaptic efficacy even in non-specific cases of 

chronic low back pain,
(43-45)

that could explain the 

local sensitisation. While at the distant site, the 

evidence of increased sensitivity at the hand 

region indicates that a higher centres of the 

nervous system might also be at play. Central 

sensitisation,  refers to the phenomenon of 

amplification of neural signalling withing the 

central nervous system that elicits pain 

hypersensitivity.
(46)

 In the case of low back pain, 

recurring acute bouts of pain - often triggered by 

simply changing postures or walking – sends 

barrage of nociceptive inputs causing extensive 

structural and functional change throughout the 

nervous system.
(10,42,46)

 In line with the notion, 

evidence from nuclear magnetic resonance
(47)

 and 

electroencephalography
(48)

 studies shows 

abnormal activation and organization of the 
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somatosensory regions in patients of low back 

pain. 

What makes the hyperalgesia notable in the 

present study unique is the uniformity of 

responses in the recruited participants that is in 

contradiction to the pre-existing literature.
(25) 

Up 

till now, the observed heterogeneity of responses 

to exogenous stimuli is often believed to be 

reflective of heterogeneity of the underlying 

pathological changes. This is easily reconciled by 

the fact that chronic low back pain of non-specific 

origin, being a diagnosis of exclusion,
(1,2)

 is a 

‘catch-all’ group of patients possessing a myriad 

of multiple pathologies.
(4)

 However, most 

evidence of hyperalgesia presented in those 

investigations have been based on pressure 

pain
(25,49)

,whose processing differs greatly from 

thermal pain.
(27,50)

Alternatively, the uniformity of 

the findings can also be attributed to the definition 

of chronicity used for this study. Here, the 

chronicity was defined as based on a more than 

six months of symptoms
(1)

–which is a lengthier 

time-line than the previous studies. The rational 

was to circumvent some of the ambiguities 

associated with the episodic nature of low back 

pain.
(9)

 Thus, as appealing as it maybe, the 

homogeneous hyperalgesia noted cannot 

conclusively be attributed to the selection of the 

modality. Investigations changing either the 

duration of symptoms (shorter vs. longer) and 

choice of modality (pressure vs thermal) might be 

able to add clarity.  

Besides hyperalgesia, the present study found no 

evidence of allodynia in patients of chronic low 

back pain. As of yet, allodynia has been reported 

only in patients with radicular low back pain,
(51,52) 

with only one study focusing on thermal 

allodynia.
(51)

 In contrast to the reports involving 

radiculopathy, the participant recruitment for the 

present study was done after ruling out 

radiculopathy using straight leg raising tests and 

other functional maneuvers.
(1,2,31,32)

Thus, the 

absence of thermal allodynia could attest to non-

radicular phenotype of chronic low back pain 

patients.
(53,54)

 If thermal allodynia can accurately 

distinguish between low back pain patients with 

and without radiculopathy, it could have important 

prognostic outcomes. Still, the inference remains 

tentative as radiculopathy (or lack thereof) is a 

poorly defined description
(1,2,31)

 and requires 

further work.
(32)

 

That only the moderate intensity of thermalpain 

stimulus could capture sensory alterations in 

chronic low back pain–but neither the mild pain 

nor the innocuous temperature stimuli – requires 

some elaboration. While the involvement of 

lateral spinothalamic tract for relaying thermal 

sensations remains irrefutable, the intensities of 

these thermal modalities can be differentially 

encoded in the tract.
(55) 

From what can be gathered 

from the procedural descriptions of cordotomy is 

that the sensations of thermal pain and innocuous 

temperature can be separately targeted,
(56,57)

 

implying that the two are distinctly represented 

within lateral spinothalamic tract.Even at the 

cortical level, innocuous thermal sensation 

activates more of primary motor cortex and 

pregenual anterior cingulate cortex, whereas 

painful stimuli activates the large swathes of the 

somatosensory cortex and the insula.
(58) 

Furthermore, a report by Ferretti and colleagues
(59)

 

demonstrated that increasing the pain intensity 

activates anterior portions of insula and the 

secondary somatosensory. Even more importantly, 

from ateleological standpoint, different intensities 

of the stimuli can arouse varying levels of threat 

to the body. At one side, stronger intensities leads 

to a greater arousal and evokes a behavioural/ 

biological avoidance response. While on the other 

side, milder intensitiesleads to only a lesser 

arousal and increases the attention/ lowers 

threshold to incoming stimuli.
(60) 

More inquiries 

into how our body ‘reads’ the different aspects of 

exogenous stimuli could possibly advance our 

understanding of sensory changes in health and 

disease.  

Since the waxing and waning of pain intensity is a 

characterising feature of chronic low back pain, it 

was pertinent to consider the presence of low back 

pain at the time of testing. A third of the 
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participants reported mild intensity of low back 

pain at the time of test. Statiscal analysis found 

that their sensory profiles were comparable to 

patients who did not report any low back pain at 

the time of the test. Thus, the null results confirm 

the relevance of quantitative sensory tests to 

examine long-term changes in the somatosensory 

system, rather than the state of the body the time 

of testing.
(61)

 Still, the tests with a more severely 

affected group of chronic low back pain patients. 

Another possible limitation is that the present 

study considered a method of limits, wherein the 

stimulus is ramped-up till the end-point is 

discernible or ramped-down till the perception 

returns to the baseline.
(62)

 Threshold estimations 

based on construction of psychometric curves 

could refer to a more statistically determined 

threshold rather than just a perceptual one,
(63)

 but 

remains to be standardised. Additionally, quite a 

few successful efforts are also being made to the 

hardware of the sensory testing devices to make 

their clinical application more relevant.
(64,65)

 Apart 

from the benefits of thoughtful recruitment of 

participants and the choice of modality discussed 

above, the study may have benefitted from the 

blinding of the assessors and pre-defined phase of 

the menstrual cycle of the female 

participants.
(28,29) 

Given the current lack of consensus on the optimal 

battery of sensory testing, we encourage future 

investigators to pursue the validity and reliability 

of the sensory paradigms presented in the study. 

By providing an evidence of centrally-induced 

thermal hyperalgesia, the present study design 

may help decode the ambiguities of central 

sensitization in chronic low back pain, and shed 

light on better treatment outcomes. 

 

Work attributed to: Pain Research and TMS 

Laboratory, Room 6007, Convergence Block, 

All India Institute of Medical Sciences, New 

Delhi, India, Pin code: 110024 

 

 

 

Declarations 

Submissions: The submission has not been 

previously published, nor is it before another 

journal for consideration. 

Conflict of Interest: No competing or conflict of 

interests need to be declared by the authors. 

Sources of Funding: The study was funded in 

part by the Science and Technology of Yoga and 

Meditation, Department of Science and 

Technology, New Delhi. The provided funding 

did not influence any part of the study. 

Acknowledgements: We acknowledge the 

contributions of Dr Krishna B and Dr Kahnu 

Mallik for participant recruitment, Dr Suman 

Tanwar for helping us standardize the sensory 

paradigm, and Mr Surinder for technical help. Ms 

Srishti Nanda and Dr Suvercha Arya are 

supported by fellowships grants from University 

Grant Commission (UGC, Department of Human 

Resource and Development, New Delhi) and 

Science & Technology of Yoga & Meditation 

(SATYAM; Department of Science and 

Technology, New Delhi), respectively. 

 

Bibliography 

1. Deyo RA, Dworkin SF, Amtmann D, 

Andersson G, Borenstein D, Carragee E, et al. 

Report of the NIH Task Force on research 

standards for chronic low back pain. Phys 

Ther 2015; 95(2): e1–8. Available from 

https://doi.org/10.2522/ptj.2015.95.2.e1. 

2. Finucane LM, Downie A, Mercer C, 

Greenhalgh SM, Boissonnault WG, Pool-

Goudzwaard AL, et al. International 

Framework for red flags for potential serious 

spinal pathologies. J Orthop Sports Phys Ther 

2020; 50(7): 350–72. Available from 

https://doi.org/10.2519/jospt.2020.9971. 

3. Wu A, March L, Zheng X, Huang J, Wang X, 

Zhao J, et al. Global low back pain 

prevalence and years lived with disability 

from 1990 to 2017: estimates from the Global 

Burden of Disease Study 2017. Ann Transl 

Med 2020; 8(6): 299. Available from 

https://doi.org/10.21037/atm.2020.02.175. 



 

Srishti Nanda et al JMSCR Volume 09 Issue 03 March 2021 Page 168 

 

JMSCR Vol||09||Issue||03||Page 160-172||March 2021 

4. Negrini S, Zaina F. The chimera of low back 

pain etiology: A clinical perspective. Am J 

Phy Med Rehabil 2013; 92(1): 93–7. 

Available from 

https://doi.org/10.1097/PHM.0b013e31827df

8f5. 

5. Qaseem A, Wilt TJ, McLean RM, Forciea 

MA. Noninvasive treatments for acute, 

subacute, and chronic low back pain: a 

clinical practice guideline from the American 

College of Physicians. Ann Intern Med 2017; 

166(7): 514–30. Available from 

https://doi.org/10.7326/M16-2367. 

6. Chou R, Deyo R, Friedly J, Skelly A, Weimer 

M, Fu R, et al. Systemic pharmacologic 

therapies for low back pain: a systematic 

review for an American College of Physicians 

clinical practice guideline. Ann Intern Med 

2017; 166(7): 480–92. Available from 

https://doi.org/10.7326/M16-2458. 

7. Vollert J, Magerl W, Baron R, Binder A, 

Enax-Krumova EK, Geisslinger G, et al. 

Pathophysiological mechanisms of 

neuropathic pain: comparison of sensory 

phenotypes in patients and human surrogate 

pain models. Pain 2018; 159(6): 1090–102. 

Available from 

https://doi.org/10.1097/j.pain.0000000000001

190. 

8. Donnoli F, Azari MF. Transition from acute 

to chronic low back pain: A biopsychosocial 

perspective. Chiropr J Aust 2013; 43(3): 93–

8.  

9. Karimi Z, Pilenko A, Held SM, Hasenbring 

MI. Recall bias in patients with chronic low 

back pain: Individual pain response patterns 

are more important than pain itself!.Int J 

Behav Med 2016; 23(1): 12–20. Available 

from https://doi.org/10.1007/s12529-015-

9499-6. 

10. Nijs J, Leysen L, Vanlauwe J, Logghe T, 

Ickmans K, Polli A, et al. Treatment of 

central sensitization in patients with chronic 

pain: time for change?. Expert Opin 

Pharmacother 2019; 20(16): 1961–70. 

Available from 

https://doi.org/10.1080/14656566.2019.16471

66. 

11. Cruz-Almeida Y, Fillingim RB. Can 

quantitative sensory testing move us closer to 

mechanism-based pain management? Pain 

Med 2014; 15(1): 61–72. Available from 

https://doi.org/10.1111/PME.12230. 

12. Neziri AY, Curatolo M, Limacher A, Nüesch 

E, Radanov B, Andersen OK, et al. Ranking 

of parameters of pain hypersensitivity 

according to their discriminative ability in 

chronic low back pain. Pain 2012; 153(10): 

2083–91. Available from 

https://doi.org/10.1016/j.pain.2012.06.025. 

13. O'Sullivan P, Waller R, Wright A, Gardner J, 

Johnston R, Payne C, et al. Sensory 

characteristics of chronic non-specific low 

back pain: A subgroup investigation. Man 

Ther 2014; 19(4): 311–8. Available from 

https://doi.org/10.1016/j.math.2014.03.006. 

14. Imamura M, Alfieri FM, Filippo TR, 

Battistella LR. Pressure pain thresholds in 

patients with chronic nonspecific low back 

pain. J Back MusculoskeletRehabil2016; 

29(2): 327–36. Available from 

https://doi.org/10.3233/BMR-150636. 

15. Rabey M, Slater H, O'Sullivan P, Beales D, 

Smith A. Somatosensory nociceptive 

characteristics differentiate subgroups in 

people with chronic low back pain: A cluster 

analysis. Pain 2015; 156(10): 1874–84. 

Available from 

https://doi.org/10.1097/j.pain.0000000000000

244. 

16. Tesarz J, Eich W, Treede RD, Gerhardt A. 

Altered pressure pain thresholds and 

increased wind-up in adult patients with 

chronic back pain with a history of childhood 

maltreatment: a quantitative sensory testing 

study. Pain 2016; 157(8): 1799–809. 

Available from 

https://doi.org/10.1097/j.pain.0000000000000

586. 



 

Srishti Nanda et al JMSCR Volume 09 Issue 03 March 2021 Page 169 

 

JMSCR Vol||09||Issue||03||Page 160-172||March 2021 

17. Gerhardt A, Eich W, Janke S, Leisner S, 

Treede RD, Tesarz J. Chronic widespread 

back pain is distinct from chronic local back 

pain: evidence from quantitative sensory 

testing, pain drawings, and psychometrics. 

Clin J Pain 2016; 32(7): 568–79. Available 

from 

https://doi.org/10.1097/AJP.00000000000003

00. 

18. Starkweather AR, Heineman A, Storey S, 

Rubia G, Lyon DE, Greenspan J, et al. 

Methods to measure peripheral and central 

sensitization using quantitative sensory 

testing: A focus on individuals with low back 

pain. Appl Nurs Res 2016; 29: 237–41. 

Available from 

https://doi.org/10.1016/j.apnr.2015.03.013. 

19. Wettstein M, Eich W, Bieber C, Tesarz J. 

Profiles of subjective well-being in patients 

with chronic back pain: Contrasting 

subjective and objective correlates. Pain Med 

2019; 20(4): 668–80. Available from 

https://doi.org/10.1093/pm/pny162. 

20. Moseley GL. I can’t find it! Distorted body 

image and tactile dysfunction in patients with 

chronic back pain. Pain 2008; 140(1): 239–

43. Available from 

https://doi.org/10.1016/j.pain.2008.08.001. 

21. Luomajoki H, Moseley GL. Tactile acuity 

and lumbopelvic motor control in patients 

with back pain and healthy controls. Br J 

Sports Med 2011; 45(5): 437–40. Available 

from 

https://doi.org/10.1136/bjsm.2009.060731. 

22. Geha P, DeAraujo I, Green B, Small DM. 

Decreased food pleasure and disrupted satiety 

signals in chronic low back pain. Pain 2014; 

155(4): 712–22. Available from 

https://doi.org/10.1016/j.pain.2013.12.027. 

23. Meints SM, Wang V, Edwards RR. Sex and 

race differences in pain sensitization among 

patients with chronic low back pain. J Pain 

2018;19(12): 1461–70. Available from 

https://doi.org/10.1016/j.jpain.2018.07.001. 

24. Small DM, Apkarian AV. Increased taste 

intensity perception exhibited by patients with 

chronic back pain. Pain 2006; 120(1–2): 124–

30. Available from 

https://doi.org/10.1016/j.pain.2005.10.021. 

25. den Bandt HL, Paulis WD, Beckwée D, 

Ickmans K, Nijs J, Voogt L. Pain mechanisms 

in low back pain: A systematic review with 

meta-analysis of mechanical quantitative 

sensory testing outcomes in people with 

nonspecific low back pain. J Orthop Sports 

Phys Ther 2019; 49(10): 698–715. Available 

from https://doi.org/10.2519/jospt.2019.8876. 

26. Chong PST, Cros DP. Technology literature 

review: Quantitative sensory testing. Muscle 

Nerve 1994; 29(5): 734–47. Available from 

https://doi.org/10.1002/mus.20053. Available 

from https://doi.org/ 

27. Aviram J, Shochat T, Pud D. Pain perception 

in healthy young men is modified by time-of-

day and is modality dependent. Pain Med 

2015; 16(6): 1137–44. Available from 

https://doi.org/10.1111/pme.12665. 

28. Soderberg K, Poromaa IS, Nyberg S, 

Backstrom T, Nordh E. Psychophysically 

determined thresholds for thermal perception 

and pain perception in healthy women across 

the menstrual cycle. Clin J Pain 2006; 22(7): 

610–6. Available from 

https://doi.org/10.1097/01.ajp.0000210904.75

472.63. 

29. Bartley EJ, Rhudy JL. Comparing pain 

sensitivity and the nociceptive flexion reflex 

threshold across the mid-follicular and late-

luteal menstrual phases in healthy women. 

Clin J Pain 2013; 29(2): 154–61. Available 

from https://doi.org/ 

10.1097/AJP.0b013e31824c5edb. 

30. Moloney N, Hall TM, Doody CM. Reliability 

of thermal quantitative sensory testing: A 

systematic review. J Rehabil Res Dev 2012; 

49(2): 191–208. Available from 

https://doi.org/10.1682/JRRD.2011.03.0044. 

31. Koes BW, Van Tulder M, Lin CW, Macedo 

LG, McAuley J, Maher C. An updated 



 

Srishti Nanda et al JMSCR Volume 09 Issue 03 March 2021 Page 170 

 

JMSCR Vol||09||Issue||03||Page 160-172||March 2021 

overview of clinical guidelines for the 

management of non-specific low back pain in 

primary care. Eur Spine J 2010; 19(12): 

2075–94. Available from 

https://doi.org/10.1007/s00586-010-1502-y. 

32. Ekedahl H, Jönsson B, Annertz M, Frobell 

RB. Accuracy of clinical tests in detecting 

disk herniation and nerve root compression in 

subjects with lumbar radicular symptoms. 

Arch Phys Med Rehabil 2018; 99(4): 726-35. 

Available from 

https://doi.org/10.1016/j.apmr.2017.11.006. 

33. Oldfield RC. The assessment and analysis of 

handedness: the Edinburgh inventory. 

Neuropsychologia 1971; 9(1): 97–113. 

Available from https://doi.org/10.1016/0028-

3932(71)90067-4. 

34. Rossi S, Antal A, Bestmann S, Bikson M, 

Brewer C, Brockmöller J, Carpenter LL, et al. 

Safety and recommendations for TMS use in 

patient populations, with updates on training, 

ethical, and regulatory issues: Expert 

guidelines. Clin Neurophysiol 2021; 132(1): 

296–306. Available from 

https://doi.org/10.1016/j.clinph.2020.10.003. 

35. Wang H, Fischer C, Chen G, Weinsheimer N, 

Gantz S, Schiltenwolf M. Does long-term 

opioid therapy reduce pain sensitivity of 

patients with chronic low back pain? 

Evidence from quantitative sensory testing. 

Pain Physician 2012; 15(3 Suppl): ES135–43. 

Available from https://doi.org/ 

36. Manchikanti L, Cash KA, Malla Y, Pampati 

V, Fellows B. A prospective evaluation of 

psychotherapeutic and illict drug use in 

patients presenting with chronic pain at the 

time of initial evaluation. Pain Physician 

2013; 16(1): E1–13.  

37. Boonstra AM, Preuper HRS, Balk GA, 

Stewart RE. Cut-off points fold mild, 

moderate, and severe pain on the visual 

analogue scale for pain in patients with 

chronic musculoskeletal pain. Pain 2014; 

155(12): 2545–50. Available from 

https://doi.org/10.1016/j.pain.2014.09.014. 

38. Chiarotto A, Maxwell LJ, Ostelo RW, Boers 

M, Tugwell P, Terwee CB. Measurement 

properties of visual analogue scale, numeric 

rating scale, and pain severity subscale of the 

brief pain inventory in patients with low back 

pain: A systematic review. J Pain 2019; 

201(3): 245–63. Available from 

https://doi.org/10.1016/j.pain.2018.07.009. 

39. Zhang Y, Ahmed S, Vo T, St. Hilaire K, 

Houghton M, Cohen AS, et al. Increased pain 

sensitivity in chronic pain subjects on opioid 

therapy: A cross-sectional study using 

quantitative sensory testing. Pain Med 2015; 

16(5): 911–22. Available from 

https://doi.org/10.1111/pme.12606. 

40. Herrick RM. Psychophysical methodology: 

VI. Random method of limits. Percept 

Psychophys 1973; 13: 548–54. Available 

from https://doi.org/10.3758/BF03205818. 

41. Larivière C, Arsenault AB, Gravel D, Gagnon 

D, Loisel P. Surface electromyography 

assessment of back muscle intrinsic 

properties. J ElectromyogrKinesiol 2003; 

13(4): 305–18. Available from 

https://doi.org/10.1016/S1050-

6411(03)00039-7. 

42. Yang G, Baad-Hansen L, Wang K, Xie QF, 

Svensson P. A study on variability of 

quantitative sensory testing in healthy 

participants and painful temporomandibular 

disorder patients. Somatosens Mot Res 2014; 

31(2): 62–71. Available from 

https://doi.org/10.3109/08990220.2013.86949

3. 

43. Kelly KG, Cook T, Backonja MM. Pain 

ratings at the thresholds are necessary for 

interpretation of quantitative sensory testing. 

Muscle Nerve 2005; 32(2): 179–84. Available 

from https://doi.org/10.1002/mus.20355. 

44. Georgopoulos V, Akin-Akinyosoye K, Zhang 

W, McWilliams DF, Hendrick P, Walsh DA. 

Quantitative Sensory Testing (QST) and 

predicting outcomes for musculoskeletal pain, 

disability and negative affect: a systematic 

review and meta-analysis. Pain 2019; 160(9): 



 

Srishti Nanda et al JMSCR Volume 09 Issue 03 March 2021 Page 171 

 

JMSCR Vol||09||Issue||03||Page 160-172||March 2021 

1920–32. Available from 

https://doi.org/10.1097/j.pain.0000000000001

590. 

45. Hasselhorn HM, Theorell T, Vingård E. 

Endocrine and immunologic parameters 

indicative of 6-month prognosis after the 

onset of low back pain or neck/shoulder pain. 

Spine (Phila Pa 1976) 2001; 26(3): E24–9. 

Available from 

https://doi.org/10.1097/00007632-

200102010-00005. 

46. Wang H, Schiltenwolf M, Buchner M. The 

role of TNF-alpha in patients with chronic 

low back pain–a prospective comparative 

longitudinal study. Clin J Pain 2008; 24(3): 

273–8. Available from 

https://doi.org/10.1097/AJP.0b013e31816111

d3. 

47. Queiroz BZ, Pereira DS, Rosa NM, Lopes 

RA, Felicio DC, Pereira DG, et al. Functional 

performance and plasma cytokine levels in 

elderly women with and without low back 

pain. J Back Musculoskelet Rehabil 2015; 

28(2): 343–9. Available from 

https://doi.org/10.3233/BMR-140526. 

48. Woolf CJ. Central sensitization: implications 

for the diagnosis and treatment of pain. Pain 

2011; 152(3): S2–15. Available from 

https://doi.org/10.1016/j.pain.2010.09.030. 

49. Flor H, Braun C, Elbert T, Birbaumer N. 

Extensive reorganization of primary 

somatosensory cortex in chronic back pain 

patients. Neurosci Lett 1997; 224: 5–8. 

Available from https://doi.org/10.1016/ 

S0304-3940(97)13441-3. 

50. Kregel J, Meeus M, Malfliet A, Dolphens M, 

Danneels L, Nijs J, et al. Structural and 

functional brain abnormalities in chronic low 

back pain: a systematic review. Semin 

Arthritis Rheum 2015; 45:229–37. Available 

from https://doi. 

org/10.1016/j.semarthrit.2015.05.002. 

51. Neelapala YV, Bhagat M, Frey-Law L. 

Conditioned pain modulation in chronic low 

back pain: A systematic review of literature. 

Clin J Pain 2020; 36(2): 135–41. 

52. Fruhstorfer H, Harju EL, Lindblom UF. The 

significance of Aδ and C fibres for the 

perception of synthetic heat. Eur J Pain 2003; 

7(1): 63–71. Available from 

https://doi.org/10.1016/s1090-

3801(02)00056-3. 

53. Hensley CP, Courtney CA. Management of a 

patient with chronic low back pain and 

multiple health conditions using a pain 

mechanisms–based classification approach. J 

Orthop Sports Phys Ther 2014; 44(6): 403–

C2. Available from 

https://doi.org/10.2519/jospt.2014.4861. 

54. Defrin R, Devor M, Brill S. Tactile allodynia 

in patients with lumbar radicular pain 

(sciatica). Pain 2014; 155(12): 2551–9. 

Available from 

https://doi.org/10.1016/j.pain.2014.09.015. 

55. Freynhagen R, Rolke R, Baron R, Tölle TR, 

Rutjes AK, Schu S, et al. Pseudoradicular and 

radicular low-back pain–a disease continuum 

rather than different entities? Answers from 

quantitative sensory testing. Pain 2008; 

135(1–2): 65–74. Available from 

https://doi.org/10.1016/j.pain.2007.05.004. 

56. Fishbain DA, Cole B, Lewis JE, Gao J. What 

is the evidence that neuropathic pain is 

present in chronic low back pain and soft 

tissue syndromes? An evidence-based 

structured review. Pain Med 2014; 15(1): 4–

15. Available from 

https://doi.org/10.1111/pme.12229. 

57. Sharma ML, Marley K, McGlone FP, Gupta 

M, Marshall AG. Dissociation of 

spinothalamic modalities following 

anterolateral cordotomy. Can J Neurol Sci 

2018; 45(3): 354–6. Available from  

https://doi.org/10.1017/cjn.2017.290. 

58. Friehs, GM, Schröttner, O, Pendl, G. 

Evidence for segregated pain and temperature 

conduction within the spinothalamic tract. J 

Neurosurg 1995; 83(1):8–12. Available from 

https://doi.org/10.3171/jns.1995.83.1.0008. 



 

Srishti Nanda et al JMSCR Volume 09 Issue 03 March 2021 Page 172 

 

JMSCR Vol||09||Issue||03||Page 160-172||March 2021 

59. Ma, Q. Labeled lines meet and talk: 

population coding of somatic sensations. J 

Clin Invest 2010; 120(11): 3773–8. Available 

from https://doi.org/10.1172/JCI43426. 

60. Brown JE, Chatterjee N, Younger J, Mackey 

S. Towards a physiology-based measure of 

pain: Patterns of human brain activity 

distinguish painful from non-painful thermal 

stimulation. PloS One 2011; 6(9): e24124. 

Available from 

https://doi.org/10.1371/journal.pone.0024124. 

61. Ferretti A, Babiloni C, Del Gratta C, Caulo 

M, Tartaro A, Bonomo L, et al. Functional 

topography of the secondary somatosensory 

cortex for nonpainful and painful stimuli: an 

fMRI study. NeuroImage 2003; 20(3): 1625–

38. Available from 

https://doi.org/10.1016/j.neuroimage.2003.07.

004. 

62. Piovesan A, Mirams L, Poole H, Moore D, 

Ogden R. The relationship between pain-

induced autonomic arousal and perceived 

duration. Emotion 2019; 19(7): 1148–61. 

Available from 

https://doi.org/10.1037/emo0000512. 

63. McPhee ME, Graven-Nielsen T. Recurrent 

low back pain patients demonstrate facilitated 

pronociceptive mechanisms when in pain, and 

impaired antinociceptive mechanisms with 

and without pain. Pain 2019; 160(12): 2866–

76. Available from: 

https://doi.org/10.1097/j.pain.0000000000001

679. 

64. Oudejans LC, Smit JM, van Velzen M, Dahan 

A, Niesters M. The influence of offset 

analgesia on the onset and offset of pain in 

patients with fibromyalgia. Pain 2015; 

156(12): 2521–7. Available from 

https://doi.org/10.1097/j.pain.0000000000000

321. 

65. Madden VJ, Kamerman PR, Bellan V, Catley 

MJ, Russek LN, Camfferman D, et al. Was 

that painful or nonpainful? The sensation and 

pain rating scale performs well in the 

experimental context. J Pain 2019; 20(4): 

472-e1–472.e12. Available from 

https://doi.org/ 10.1016/j.jpain.2018.10.006. 

66. Koulouris AE, Edwards RR, Dorado K, 

Schreiber KL, Lazaridou A, Rajan S, et al. 

Reliability and validity of the boston bedside 

quantitative sensory testing battery for 

neuropathic pain. Pain Med 2020; 21(10): 

2336–47. Available from 

https://doi.org/10.1093/pm/pnaa192. 

67. Wasan AD, Alter BJ, Edwards RR, Argoff 

CE, Sehgal N, Walk D, et al. Test-retest and 

inter-examiner reliability of a novel bedside 

quantitative sensory testing battery in 

postherpetic neuralgia patients. J Pain 2020; 

21(7–8): 858–68. Available from 

https://doi.org/10.1016/j.jpain.2019.11.013. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


