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Background: The newly proposed low back pain treatment requires case classification 
according to the pain mechanism (nociceptive, neuropathic or nociplastic) to determine the 
most effective therapeutic approach. However, there is a lack of objective tools for distin
guishing these pain mechanisms. The aim of the study was to identify which symptoms, 
signs, and standard diagnostic parameters would allow predicting the nociplastic pain (NP) 
subtype among low back leg pain (LBLP) patients.
Methods: A retrospective analysis of an LBLP case–control study database was carried out. 
The presence of NP was assumed if the patient presented with myofascial pain syndrome 
(MPS) and developed a short-term intensive vasodilatation reaction in the perceived lower 
leg pain area after provocation by a minimally invasive procedure. Clinical data and standard 
LBLP diagnostic parameters were analyzed to classify patients as NP (+) vs NP (-). Next, to 
predict NP probability, logistic regression analysis and a diagnostic classification tree were 
constructed.
Results: NP was confirmed in 43.75% of LBLP patients. Women represented 95.24% of all 
NP (+) patients. The diagnostic classification tree indicated that NP was highly probable if the 
LBLP subject was female and the result of a positive straight leg raise (SLR) test was lower 
than 45 degrees. If the SLR test result was greater than or equal to 45 degrees, a negative result 
on the Bragard test would have diagnostic value. This classification tree was approved to 
a certain extent in the logistic regression model (deviance residuals, min: −1.8519; 1Q: 
−0.5551; median: −0.1907; 3Q: 0.6565 and max: 2.1058) but should be verified in a larger 
group of subjects.
Conclusion: Female sex, but not clinical data or standard diagnostic parameters, is indica
tive of nociplastic pain in LBLP patients. More sophisticated statistical methods, based on 
directly measurable parameters, should be proposed to distinguish NP involvement in LBLP.
Keywords: central sensitization, low back pain, nociplastic pain, myofascial pain syndrome, 
thermovision

Introduction
Low back-related leg pain (LBLP) is present in 23–57% of humans suffering from 
low back pain.1 A diagnosis of LBLP is considered if neither radicular pain nor 
referred pain can be specifically confirmed.2 Additionally, the neuropathic pain 
component in the chronic form of LBLP should be considered in more than 30% 
of cases.3 Recently, it has been suggested that almost half of chronic low back pain 
patients present with central sensitization, recently categorized as nociplastic pain.4 
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Nociplastic pain is defined as altered nociceptive function 
without any features of a disease or damage of the soma
tosensory system due to central sensitization (CS) leading 
to chronic pain.5

The clinical characteristic of the central sensitization 
process is the presence of a series of symptoms, eg, 
referred pain, widespread pain, tactile allodynia, heigh
tened response to nonnoxious stimuli.6 The presence of 
referred pain similar to sciatica is characteristic of gluteal 
syndrome, which is typical of chronic pain and has been 
included in the newest version of the ICD 11.2 The pre
valence of gluteal syndrome, which is a CS-related sub
type of myofascial pain syndrome, has been estimated to 
occur in approximately 30% of LBLP patients.7,8

Myofascial pain syndrome is defined as a local pain 
syndrome characterized by (i) the presence of trigger 
points, ie, limited sites of severe muscle tenderness or 
hypersensitivity, (ii) a determined area of referred pain, 
and (iii) characteristic motor, sensory, and autonomic dys
functions and symptoms.9 The location of the referred pain 
is incompatible with the innervation and dermatomes at 
the site. However, there is a strong correlation between 
a given trigger point location and the referred pain. Both 
trigger point sensitivity and the presence of the referred 
pain are indicative of central sensitization.10 Moreover, the 
referred pain area grows exponentially as the degree of 
central sensitization increases.11–13

A novel idea for effective pain control is focused on 
identifying one of the three possible pain mechanisms: 
nociceptive, neuropathic, or nociplastic.1,14–16 Thus, the 
treatment would follow the pain type. The problem of 
determining the dominant pain component, however, has 
not yet been solved.1,14,15 To identify patients who present 
with symptoms related to central sensitization (nociplastic 
pain), the patient-reported history, questionnaires, and 
quantitative sensory testing (QST) are recommended. 
Unfortunately, there is a lack of directly measurable para
meters allowing the confirmation of nociplastic pain.

The involvement of the autonomic nervous system 
(ANS) in the chronic pain region is considered one of 
the mechanisms leading to CS. The measurement of the 
ANS response to noxious stimulation in patients with CS 
is seen as a viable promise for finding an objective para
meter that would confirm NP.17 A recent study by Nickel 
et al,18 showed that sympathetic function is more related to 
stimulus intensity than perceived pain intensity. A similar 
observation was provided in our previous studies on 

a minimally invasive procedure applied to patients with 
both LBLP and MPS.7,8

A subpopulation of MPS-positive LBLP patients pre
sented with a needle-provoked immediate vascular reac
tion covering approximately 30% of the skin of the lower 
limb within the perceived pain area. Moreover, an average 
temperature increase of approximately 1°C was confirmed, 
which can be used to visualize the results7,8 (video file). 
The procedure confirms the impairment of blood flow 
within the pain region due to sympathetic hyperactivity 
and diminished parasympathetic tone, thus in turn impair
ing the functioning of the somatosensory nervous system. 
Based on the objective signs of ANS dysregulation pro
voked by noxious stimulation that occurs among LBLP 
patients with gluteal syndrome (recognized as related to 
central sensitization), we assumed that the patients pre
sented with the nociplastic pain pathomechanism. Since 
the minimally invasive procedure is difficult to implement 
clinically and it is difficult for an average physician to 
confirm gluteal syndrome using the palpatory criteria 
applied for MPS, we wanted to see if there are any pre
dictable parameters that would facilitate the clinical 
assessment of NP involvement among LBLP.

The aim of the study was to identify symptoms, signs, 
and standard diagnostic parameters that would allow pre
dicting the nociplastic pain subtype among LBLP patients.

Method
The study was conducted in accordance with the 
Declaration of Helsinki and was approved by the Ethics 
Committee of Poznan University of Medical Sciences (no. 
773/14). All subjects gave written informed consent to 
participate in the study before data collection. A detailed 
description of all examination and treatment procedures, 
including the minimally invasive procedure and risks 
involved in the study, was provided to the participants. 
The participants had the right to refuse to undergo the 
minimally invasive procedure and withdraw from the 
study at any time without penalty.

Retrospective analysis of the data extracted from pre
viously published trials (ACTRN12614001168640 and 
ACTRN12614001060639), both supported by the Polish 
National Science Centre, Grant no. N N404 268,339, was 
performed.7,8 In both studies, LBLP subjects were exam
ined for the presence of MPS using Travell and Simons’ 
standard clinical criteria. The presence of nociplastic pain 
was assumed if MPS-positive LBLP patients presented 
with short-term intensive vasodilatation in the perceived 
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lower leg pain area after provocation by a minimally inva
sive procedure.7,8

A Short Description of the Minimally 
Invasive Procedure
The first step of the evaluation was a side-to-side compar
ison of the patient’s legs at rest. When a decrease of more 
than 0.5°C in the painful area relative to the asymptomatic 
leg was observed, neuropathic pain was considered 
possible.

Minimally invasive procedure: Noxious stimulation of 
the two most sensitive trigger points lasted for 5 mins, 
each with a 1 min break in between (dry needling of every 
trigger point within the gluteus minimus muscles). The 
area of referred pain in the gluteus minimus was registered 
by an infrared thermovision (IRT) camera. During the 
whole noxious stimulation, the patients reported the loca
lization of the pain sensation provoked by needling (thigh, 
calf, foot). The next step of the procedure was IRT obser
vation of the patient at rest for 6 mins (at the region of the 
referred pain distribution). At the end of the whole proce
dure, the patient was asked: “Was the pain evoked by 
needling similar to your daily pain?” A video of the 
procedure is available in supplementary video S1.

Thermogram analysis: A comparative analysis of the 
region of interest (ROI), ie, the area of the gluteus minimus 
referred pain (painful lower leg), was performed. The whole 
procedure consisted of (1) pre-stimulation phase, (2) stimu
lation phase, (3) post-stimulation phase, and (4) thermo
gram analysis. A comparison of temperature changes 
(minimum, maximum, and average) was conducted and – 
for the first time in medical thermography – the provoked 
vessel reactions were numerically calculated.

The validation study confirmed that the presence of an 
isothermal area reflected vasodilatation with a temperature 
not manifested before the stimulation. Additionally, 
a significant increase in the average temperature was 
a significant diagnostic parameter for the MPS confirma
tion by the minimally invasive procedure. The new iso
thermal region provoked by the procedure and covering 
from 5% to approximately 30% of the lower limb with 
a temperature increase above 1.5°C was named autonomic 
referred pain (AURP). The vessel response to the noxious 
stimulation was exclusive to the location of the gluteus 
minimus referred pain only.

Thus, two parameters of the minimally invasive proce
dure, namely a significant increase in the average 

temperature and AURP from gluteus minimus referred 
pain of the trigger point, were indicated as diagnostic 
parameters allowing the confirmation of MPS presence.7

Participant Characteristics
Forty-eight Caucasian patients (mean age 47.5 ± 8.6 y) with 
chronic or subacute (recurrent) LBLP were included in the 
study (Table 1). The inclusion criteria were as follows: age 
between 30 and 60, unilateral lower leg, pain duration 1–3 
months, leg pain > 3 on a 1–10 point VAS, and LBLP being 
the dominant problem. Exclusion criteria: complex regional 
pain syndrome, cauda equina syndrome, previous back 
surgery, spinal tumors, scoliosis, pregnancy, coagulant 
treatment, diabetes, epilepsy, infection, inflammatory rheu
matoid diseases, stroke, or oncological history.

Each patient underwent (i) functional examination 
comprising the straight leg raise test (SLR), cross straight 
leg raising test (xSLR), passive dorsiflexion test (Bragard), 
and slump test. Functional tests were performed by two 
clinicians, and a test was considered positive if confirmed 
by both; (ii) a 7-step extensive neurological examination 
including mental status, cranial nerves, motor examina
tion, sensory and reflex examination, coordination and 
walking (according to a standard neurological protocol); 
and (iii) magnetic resonance imaging (MRI).

Data Analysis
Sample size calculation was performed using ENE3.0 and 
was based on the following schema: 4 features (gender, leg 
pain localization, MRI, neurological examination) * 2 LBLP 
categories (NP (+), NP (-)). This sample size would provide 
80% power at the 0.05 alpha level and allow for a 10% 
dropout rate. The minimum sample size was established at 
40 patients. The level of significance was accepted as p<0.05 
for all tests. To assess the statistical significance of variables in 
the NP (+) and NP (-) subgroups, the chi2 test for proportions 
was used. When the p-value of the test was approximately 

Table 1 Baseline Characteristics of Study Participants (n=48)

Data LBLP

Female sex [%] 64.6

Age, mean (SD) [y] 47.5 (8.6)
BMI, mean (SD) 25.7 (4.5)

Symptoms duration [y] 5.3 (5.7)

Leg pain above knee [%] 36.6
Leg pain below knee [%] 63.4

Leg pain below ankle [%] 41.5
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0.05 or smaller, Fisher’s exact test was applied. To assess the 
significance of differences between numerical parameters in 
subgroups of subjects, the Mann–Whitney U-test was used. 
To assess the relation between the variables, we used logistic 
regression analysis, and we constructed diagnostic classifica
tion trees using the “rpart” function. For all statistical ana
lyses, we used the R free software environment, version 3.5.0.

Results
Nociplastic Pain Presence
Nociplastic pain was diagnosed in 43.75% of LBLP patients 
(21 out of 48 patients). A total of 64.5% of LBLP women 
were NP (+) (20 out of 31), while for LBLP men, the value 
was as low as 5.9% (1 out of 17); (chi2 test for proportions, 
p<0.001; 95% CI (33.9, 83.4)) (Figure 1). When the noci
plastic pain subgroups were analyzed, women represented 
95.24% of the total number (Fisher’s exact test for contin
gency tables, p<0.001; 95% CI (3.61, 1343.64)).

The average VAS score for the whole group was 49.3 
±19.0 mm. NP (+) subjects tended to have a higher VAS 
value (54.5±19.3 mm) than the NP-negative subjects (45.2 
±18.0 mm; Mann–Whitney U-test, p=0.067, 95% CI 
(−22.0, 1.00)). The leg pain localizations for the whole 
group were as follows: above the knee 36.6%, below the 
knee 63.4%, below the ankle 41.5%. There was no sig
nificant difference between the nociplastic pain-positive 
and nociplastic pain-negative LBLP patients with regard 
to leg pain localization.

Functional and Neurological Examination
The neurological examination confirmed a clear tendency 
towards impairment of the L5 temperature sensation (chi2 

test for proportions, p=0.063; 95% CI (−2, 42)). We also used 
Fisher’s exact test for contingency tables and obtained an 
even smaller p=0.03 and a 95% CI for the ratio of propor
tions of (0.93, infinity). There was no difference between the 
subgroups concerning mental status, cranial nerves, motor 
examination, the Romberg test and walking tests. The results 
of the functional examination for the whole group were as 
follows: SLR ≤45° 43.8%; SLR >45° 56.3%; xSLR 2.1%; 
Bragard test 50%; slump test 27.1%; Bragard and slump test 
(both positive) 20.8%. The impairments in the sensory test
ing results for the whole group were as follows: pinprick L2 
4.3%; L3 8.3%; L4 20.8%; L5 14.6%; S1 8.3%, temperature 
L2 2.2%; L5 8.7%; S1 2.2%. Vibratory sensation impairment 
was not confirmed. The results of the tendon reflex examina
tion for the whole group were as follows: impaired patellar 
35.4%; impaired Achilles 58.3%; absent patellar 0%; absent 
Achilles 18.8%. Pain over the lumbar spinous processes was 
confirmed in 19.6% of LBLP patients.

Magnetic Resonance Imaging
The chi2 test for proportions did not reveal any significant 
differences in the MRI results. The results for the whole 
group were as follows: root compression L4 16.7%; L5 
25.0%; S1 22.9%, disc prolapse L3-L4 27.1%; L4-L5 
54.2%; L5-S1 58.3%. LBLP and leg pain localization, 
distribution data for LBLP patients positive and negative 

Figure 1 Gender proportion for patients positive and negative for nociplastic pain (NP).
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for nociplastic pain and magnetic resonance imaging 
results are shown in Table 2.

Predictors for NP Among LBLP Subjects
Based on the sample size and statistical estimation, our 
main goal was to develop a simple algorithm for identify
ing NP, which is why we chose to conduct logistic regres
sion analysis and then present our results as a classification 
tree. According to the classification tree results, nociplastic 

pain is highly probable if the LBLP subject is female and 
the result of a positive SLR test is lower than 45 degrees. 
If the SLR test result is higher than or equal to 45 degrees, 
a negative Bragard test result will have diagnostic value. 
However, it is not clear if a positive Bragard test result 
excludes the probability of NP (Figure 2).

This combination of variables (gender, Bragard test 
result, and SLR) showed that they were all important in 
the logistic regression analysis; individually, the most 

Table 2 Clinical Data and Standard LBLP Diagnostic Parameter Distribution for Patients Positive and Negative for Nociplastic Pain

Positive Results Number and Percentage of LBLP Subjects (%)

NP (+) Patients 
n=21

NP (–) Patients 
n=27

p-value and 95% and CI (chi2 Test for 
Proportions)

Leg pain location Above knee 9 (44.4) 8 (30.4) 0.53 CI (−20.6, 48.6)
Below knee 12 (55.6) 19 (69.6) 0.53 CI (−48.6, 20.6)

Below ankle 10 (50) 10 (34.8) 0.51 CI (−19.9, 50.4)

Functional 

examination

SLR ≤45° 11 (52.5) 10 (37) 0.41 CI (−17.0,47.6)
SLR >45° 10 (47.5) 17 (63) 0.41 CI (−47.6,16.7)
xSLR 0 1 (3.7) 0.95 CI (−4.5,7.1)

Bragard (+) 8 (38.1) 16 (59.2) 0.24 CI (−53.2,10.9)

Slump (+) 5 (23.8) 8 (29.6) 0.87 CI (−35.1,23,5)
Bragard and Slump (+) 2 (9.5) 8 (29.6) 0.19 CI (−45.7,5.4)

Pinprick L2 1 (5) 1 (3.7) 0.98 CI (−11.6,13.7)
L3 1 (4.8) 3 (11.1) 0.77 CI (−25.5,12.8)

L4 6 (28.6) 4 (14.8) 0.41 CI (−14,41.5)
L5 

S1

2 (9.5) 5 (18.5) 0.65 CI (−32.5,14.5)
1 (4.8) 3 (11.1) 0.75 CI (−25.5,12.8)

Temperature 

impairment

L2 0 1 (3.8) 1.00 CI (−14.5,7.1)
L3 0 0 NA
L4 0 0 NA

L5 4 (20) 0 0.06 CI (−2,42)

S1 0 1 (3.8) 1 CI (−14.5,7.1)

Vibratory sensation impairment 0 0 NA

Tendon reflex Patellar impaired 7 (33.3) 10 (37) 1 CI (−34.6,27.2)
Patellar absent 0 0 NA

Achilles impaired 11 (52.4) 17 (63) 0.65 CI (−42.9,21.7)
Achilles absent 5 (23.8) 4 (14.8) 0.66 CI (−17.9,35.8)

Pain over the lumbar spinous processes 5 (25) 4 (15.4) 0.66 CI (−18.3,37.5)

Root compression L4 2 (9.5) 6 (22.2) 0.40 CI (−0.37, 0.12)
L5 7 (33.3) 5 (18.5) 0.34 CI (−0.33, 0.19)

S1 6 (28.6) 5 (18.5) 0.61 CI (−0.18, 0.39)

Disc prolapse L3-L4 7 (33.3) 6 (22.2) 0.57 CI (−0.19, 0.41)
L4-L5 11 (52.4) 15 (55.6) 0.99 CI (−0.35, 0.28)
L5-S1 13 (61.9) 15 (55.6) 0.86 CI (−0.26, 0.39)

Abbreviations: SLR, straight leg test; xSLR, cross straight leg test; NP, (+) nociplastic pain positive; NP, (–) nociplastic pain negative; NA, not applicable.
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significant variable was gender, followed by the Bragard 
test result and SLR (Figure 3). The deviance residuals 
were min −1.8519; 1Q −0.5551; median −0.1907; 3Q 
0.6565; and max: 2.1058.

The classification tree was approved to a certain extent 
by the logistic regression model, but it should not be con
sidered fully reliable because it needs to be verified in 
a larger group of subjects. We also added the VAS score 
as a variable in our analysis, but after incorporating it into 
the above two models, we could not show that it had any 
significance when combined with the other model variables.

Discussion
Female sex was revealed as the parameter most indicative of 
the presence of nociplastic pain among LBLP patients (p 
<0.001); 95.24% of NP (+) patients were female in this 
cohort. Additionally, pain severity (p=0.067) and L5 tem
perature impairment (p=0.06) were almost significant. It is 
known that the female gender predisposes the individual to 

diseases resulting from central sensitization, such as fibro
myalgia or chronic pain.19 However, there have been no data 
that would support this predisposition for LBLP patients. 
Generally, it is agreed that men and women differ in their 
responses to pain, with increased pain sensitivity and risk of 
clinical pain occurrence among women. Although the etio
logical basis underlying these sex differences is unknown, 
one should take into account hormone status.20–23 Moreover, 
female predisposition to the asymptomatic form of MPS in 
the lower limbs has been confirmed.24 Thus, one has to 
assume that nociplastic pain may result from the response 
to a prolonged LBLP or can develop due to mechanical 
posture overloading or muscle involvement during the 
acute phase of disc disease.

The clinical utility of conventional examinations, 
extensive neurological examination, functional tests, and 
MRI results in distinguishing nociplastic pain related to 
myofascial pain syndrome among LBLP patients was not 
demonstrated. None of the parameters, apart from the L5 

Figure 2 Proposal of predictors for NP presence among LBLP subjects.
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temperature sensory thresholds and VAS pain severity 
(with tendency to significance), were indicative of noci
plastic pain. Currently, the self-reported Central 
Sensitization Inventory (CSI) questionnaire and the exam
ination of sensory disturbances, eg, quantitative sensory 
testing (QST), are used to diagnose central sensitization. 
The relevance of the sensory disturbance examination to 
the referred pain of asymptomatic MPS patients as mea
sured by QST has been confirmed.25 Thus, a precise sen
sory examination, eg, using QST versus a minimally 
invasive procedure for CS involvement, is required for 
LBLP.

Nevertheless, neither method can be easily implemen
ted in clinical practice. The results of the current study 
suggest the relevance of specific parameters. It seems 
clinically important to determine whether a more sophis
ticated statistical method allows predicting the presence of 
CS without the need to perform QST or register the ANS 
response to noxious stimuli. Thus, we proposed a decision 
tree method. To exemplify this idea, for the purpose of 
future studies, we built an example of a decision tree based 
on the current study sample (Figure 2). Nociplastic pain is 
highly probable if the LBLP subject is female and the 
result of a positive SLR test is lower than 45 degrees. If 
the SLR test result is higher than or equal to 45 degrees, 
a negative result on the Bragard test will have diagnostic 
value. However, it is not clear if a positive Bragard test 
result excludes the probability of NP. The logistic regres
sion model (Figure 3) confirmed the presented classifica
tion tree to a certain extent, but the tree should be verified 
in a larger group of subjects because of its limited 
reliability.

The classification tree underlines the importance of 
functional tests. These tests are widely considered neuro
tension tests that can suggest the origin of radicular pain. 
However, false-positive results in cases not specific to 
lumbar radiculopathy but presenting muscle tightness 
have been indicated as a possible factor that may inflate 
the sensitivity of the SLR test. MPS syndrome affects 
a group of muscles via key trigger points followed by 
satellite trigger points. Marinho et al26 demonstrated the 
physiological soft tissue continuity between the hip and 
the ankle joint. Based on this, we can assume that positive 
SLR results among LBLP patients presenting with gluteal 
syndrome are due to muscle rather than neural tension. 
A positive SLR result is mentioned as a sign of gluteal 
syndrome in the ICD 11. It seems that a detailed SLR 
examination could demonstrate a specific pain- 
exacerbating angle of the leg raise.27 The cluster compris
ing a negative Bragard test result and an SLR result 
greater than 45 degrees can be hypothetically explained 
as the provocation of sensation due to muscle shortening, 
which can be misinterpreted as sciatic nerve irritation. 
Some authors previously suggested that a positive SLR 
test can result from “tight hamstring syndrome”, charac
terized by the tightness of the lumbar and ischiocrural 
muscles.28

Further studies should be conducted to obtain a more 
precise definition involving a cluster of signs, symptoms, 
and clinical parameters for predicting NP.

Clinical Relevance
The clinical importance of the study is that 30% of LBLP 
patients, mostly women, require a specific therapeutic 

Figure 3 Probabilities of NP among LBLP subjects predicted by the logistic regression model.
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approach that should consider the gluteus minimus as 
a potential pain treatment area. This is in accordance 
with the International Association of the Study of Pain 
(IASP) recommendation about different treatment strate
gies depending on the pain mechanism.

Second, the proposed cluster of symptoms and signs 
indicative of NP among LBLP patients seems interesting 
and valuable for future studies that could involve a greater 
number of patients. Hypothesis-testing studies followed by 
both narrow and broad validation studies, and finally, 
studies testing the capacity of subgrouping for routine 
clinical care are recommended.29,30

Study Limitations
The results of our study were limited by the lack of the 
CSI questionnaire. However, a minimally invasive proce
dure, which revealed autonomic nervous system involve
ment in perceived LBLP if the patient is MPS positive, 
seems much more valuable for somatosensory nervous 
system impairment.

Summary: Female gender, but not clinical data or standard 
diagnostic parameters, is indicative of nociplastic pain 
among LBLP patients. More sophisticated statistical meth
ods, eg, classification trees based on the minimally inva
sive procedure, should be proposed to distinguish 
nociplastic pain involvement in LBLP.
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