
ORIGINAL ARTICLE

Usefulness of laser-evoked potentials and quantitative
sensory testing in the diagnosis of neuropathic spinal cord
injury pain: a multiple case study

G Landmann1, MF Berger2, L Stockinger1 and E Opsommer3

Study design: A retrospective study.
Objectives: The aim of this study was to investigate the contribution of laser-evoked potentials (LEPs) and quantitative sensory testing
(QST) to the diagnosis of neuropathic pain in patients with spinal cord injury (SCI) and inconclusive magnetic resonance imaging (MRI)
findings.
Setting: A multidisciplinary pain center.
Methods: QST (DFNS protocol) and Tm-YAG-laser stimulation of the skin were applied within the pain site corresponding with
dermatomes of altered sensation. Available MRI scans were reviewed.
Results: Thirteen individuals (50±16 years) with SCI were examined. In four cases with no detectable neural lesion on MRI, all QST
but three LEP were abnormal. In four patients with poorly defined spinal lesion on MRI, all QST but three LEP only were abnormal.
In four cases where pain was not matching adequately with MRI lesions, all patients had abnormal LEP and QST. In one patient
showing a spinal cord atrophy, LEP was normal but QST was abnormal. Findings supported the diagnoses at-level (n=5) and below-
level (n=8) SCI pain. Spinothalamic tract function assessed by LEP was normal in three cases, but QST was abnormal in all cases.
Conclusions: As QST is a psychophysical examination depending on patient cooperation, we suggest that the combination of QST and
LEP might be a valuable diagnostic tool to detect lesions of the somatosensory system in a subgroup of patients with neuropathic spinal
cord injury pain and inconclusive MRI findings.
Spinal Cord (2017) 55, 575–582; doi:10.1038/sc.2016.191; published online 24 January 2017

INTRODUCTION

It has been recognized that pain contributes significantly to suffering,
poorer rehabilitation outcomes and reduced quality of life in people
with spinal cord injury (SCI).1 About one-third of patients with SCI
develop severe pain,2 and pain is likely to be present over several
years.1 Besides the high prevalence of musculoskeletal pain (59%),
at-level and below-level SCI neuropathic pains are found frequently
(41% vs 34%) in individuals with SCI consulting a neurorehabilitation
center2 and about similar data are reported from a multidisciplinary
pain center.3 In general, the treatment of neuropathic pain remains
unsatisfactory.4 The diagnosis of neuropathic pain in SCI is particu-
larly challenging. The International Spinal Cord Injury Pain Classifica-
tion suggests diagnostic criteria of different types of pain including
neuropathic pain in SCI based on clinical criteria only.5 According
to the definition of neuropathic pain as ‘pain arising as a direct
consequence of a lesion or disease affecting the somatosensory system’,
diagnostic criteria with a grading system of definite, probable and
possible neuropathic pain have been proposed,6,7 as well as diagnostic
criteria for neuropathic pain in patients with SCI.8 These include
criteria for SCI as a ‘history of a relevant lesion or disease affecting the
spinal cord and/or cauda equina and at least one diagnostic test
confirming a lesion or disease of the spinal cord and/or cauda’, criteria

for SCI-related neuropathic pain as ‘pain located at or below the
neurological level of the SCI, negative or positive sensory signs in the
area of pain compatible with the spinal cord or root lesion and other
causes of pain, such as nociceptive or peripheral neuropathic pain,
excluded or considered highly unlikely’. Magnetic resonance imaging
(MRI) is the method of choice to diagnose spinal lesions in patients
with SCI.9 In fact, a small number of patients with clinical symptoms
of traumatic myelopathy but no radiographic or computed tomo-
graphic features of SCI can be found. This constellation is called
‘Spinal Cord Injury Without Radiographic Abnormality’ (SCIWORA)
and its prevalence has been reported in children for 6–19% and in
adults for 9–14%. SCIWORA is mostly found in the cervical spine and
much less frequently in the thoracic or lumbar spine.10 Since the
introduction of MRI into the diagnostic of SCI, the term ‘Spinal Cord
Injury Without Neuroimaging Abnormality’ (SCIWNA) is
suggested.11 In this situation, neurophysiology assessment may add
diagnostic information. Several neurophysiological investigations in
SCI have been evaluated for afferent (somatosensory-evoked poten-
tials, contact heat-evoked potentials and others) and efferent pathways
(motor-evoked potentials).12,13

Electrophysiological investigations in SCI can complement clinical
evaluation by providing improved diagnosis.12 For the diagnosis of
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neuropathic pain, investigations of the somatosensory system are
suggested.6 Laser-evoked potentials (LEPs) are a recognized method to
detect subcortical lesions of the A-delta fiber pathway, which are pain
and temperature transmitting pathways.14 Data about LEP applications
in central lesions in various diseases including those of the spinal
cord15 and in several demyelinating diseases of the central nervous
system are published.16 Quantitative sensory testing (QST) has been
standardized for reference regions17–19 and is widely used in research
on chronic pain.20 In clinical setting, QST can be used to monitor
somatosensory deficits20 and in research for pain phenotyping.21,22

Several data regarding QST in SCI have already been published23–27

mainly in subacute populations and bedside methods. As shown in a
pilot study with four patients with spinal lesions (neurosarcoidosis,
multiple sclerosis or neuromyelitis optica), QST, performed according
to the protocol of the German Network on Neuropathic pain (DFNS),
was less sensitive than LEP to find sensory loss and LEP detected more
deficits ‘than any single QST parameter or their combination into
somatosensory profiles’.16 These authors recommended larger scale
studies combining LEP and QST.16

On the basis of this recommendation, the aim of this study was to
evaluate the additional contribution of LEP and QST in diagnosis of
neuropathic SCI pain in patients with inconclusive MRI findings and
evaluation of the somatosensory system in patients with chronic
neuropathic SCI pain.

MATERIALS AND METHODS

Setting and subjects
For this retrospective study, clinical records of patients with the diagnosis of
SCI pain referred to a multidisciplinary pain center in Switzerland from January
2011 to December 2013 have been reviewed. Patients had been referred to the
center for pain diagnosis and pain management. Inclusion criteria were as
follows: (1) injury of the spinal cord related to a traumatic event or
degenerative spinal disease, (2) a supposed diagnosis of neuropathic at-level
or below-level SCI pain, (3) the presence of combined investigation using LEP
and QST, (4) LEP and QST applied to the region affected by suggested
neuropathic SCI pain including the presence of impaired or residual sensation
and (5) availability of MRI scans (magnetic resonance imaging). Exclusion
criteria were (1) other underlying neurological disorders, (2) either LEP or
QST investigation only and (3) incomplete data. LEP and QST measurements
are established methods in our clinical setting to assist the diagnostics of
neuropathic pain.
There was no need for an ethical request for irrevocably anonymized

retrospective studies according to the National Human Research Ordinance of
Switzerland.28 We certify that all applicable institutional and governmental
regulations concerning the ethical use of human were followed during the
course of this research.

Demographic, clinical and pain-related data
Demographic data included basic personal data (age, gender) and general
questions regarding SCI (cause of injury, time since injury), as well as
medication on admission to the pain center. The assessment of neurological
function after SCI was performed by a neurologist (G.L.) according to the
International Standards for Neurological Classification of Spinal Cord Injury
(ISNCSCI).29 These recommendations include the neurological status
according to the American Spinal Injury Association with determination of
the neurological level of injury (NLI) and the extent of injury according to the
ASIA Impairment Scale (AIS grade). Finally, the diagnosis of suspected at- or
below-level SCI pain was clinically done by a neurologist while matching the
detailed pain history, patient's pain drawings showing the pain sites and
the complete neurological examination including American Spinal Injury
Association score with the pain characteristics given by the International Spinal
Cord Injury Pain classification.5

According to the policy of our pain center, patient-reported outcomes were
collected by the standardized German pain questionnaire, designed by the

German Association for the Study of Pain.30 This questionnaire contains
parameters such as the time since occurrence of pain, the pain-related disability,
the psychological status and general health. The psychological status was
assessed by the use of the Hospital Anxiety and Depression Scale. Health-related
quality of life was determined by the SF-12 questionnaire.31 It has been
validated for patients with SCI.32 Chronic pain severity was assessed using the
Graded Chronic Pain Scale.33 Pain intensity was taken from this questionnaire,
which is calculated by the average of actual pain, worst pain and average pain.
The disability subscale has been validated for people with SCI.34 The grade of
pain chronification was defined by the Mainz Pain Staging System.35

Test sites
In patients with incomplete spinal lesions (AIS B, C and D), the test sites for
LEP and QST were chosen according to clinical pain presentation matching
with the area of impaired sensation on clinical neurological examination.
Patients with a complete SCI lesion (AIS A) could only be examined if pain was
present within the zone of partial preservation where sensation is impaired and
which lies between NLI and the distal area of abolished sensation. The degree of
motor impairment and autonomic impairment had no impact on choosing the
test sites.
Although LEP and QST were recorded from right and left body sides, for the

analysis of this study one body side was taken into account. For the analysis,
according to our daily clinical routine, the side of pain was chosen or if bilateral
pain was present the side of worse pain or if pain was equal on both sides, data
from the right body side were taken.

Laser-evoked potential
The method was performed as described previously,36 using a Tm-YAG laser
machine-type Themis Terminal V.1.0 (StarMedTec GmbH, Starnberg,
Germany). At first, laser sensory and laser pain thresholds were obtained using
the method of levels. Therefore, patients were asked to rate the stimulus as
‘painful perceived’, ‘perceived, but non painful’ or ‘not perceived’. To
familiarize the patient with the method, laser stimuli were applied above the
pain threshold, starting from 600 mJ with decreasing steps of 60 mJ until the
stimulus was not perceived; subsequently, the intensity was increased until the
stimulus was reported as ‘painful’ and then decreased again. This procedure was
undertaken three times. The laser sensory threshold was estimated as the
average of laser intensity between ‘not perceived’ and ‘first perceived’ and the
pain threshold was estimated as the average of laser intensity between ‘painful’
and ‘not painful’. In three patients (nos 1, 4 and 13), sensory thresholds were
not determined because of a different investigation protocol.
Cortical LEPs were recorded given a randomized application of two different

laser intensities alternating randomly between 480 and 540 mJ for hand and
trunk and between 540 and 600mJ for legs and feet. The interstimulus interval
was randomized by the machine lasting between 7 and 15s. The impedance was
maintained below 5 kΩ and bandpass-filtered data (0.2–100 Hz) acquired
simultaneously at a sampling rate of 500 Hz (Nicolet Biomedical Inc., Madison,
WI, USA). Patients were asked to lay relaxed, to fix a sign on the ceiling and to
avoid eye-blinking. Cortical responses were recorded with Ag/AgCl electrodes
from Cz based on the international 10–20 system versus linked earlobes (A1/
A2). The laser beam was slightly displaced randomly to avoid sensitization and
habituation. The pain intensity of each laser stimulus was noted using numeric
rating scale (0–10, with 0= ‘no pain’ and 10= ‘worst pain imaginable’). Late
LEP components as latencies N2 and P2 (ms, measured from stimulus onset to
peak) as well as N2/P2 amplitude (μV, peak to peak) were obtained using a
neurophysiology machine, type VikingSelect and version 12 (Nicolet Biome-
dical Inc.). Data were stored on disk for off-line analysis. The time window for
analysis was 2500 ms according to laser stimulus onset. All trials containing
artifacts were rejected from subsequent analysis after visual inspection.
Remaining trials were time averaged. Results were compared with normal
values from the literature.36

Quantitative sensory testing
QST was performed in accordance with the protocol of the DFNS17 by an
experienced medical technician (L.S.) who underwent a training program
certified by DFNS. For thermal parameters, a standardized diagnostic device
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(TSA-II; Medoc, Ramat Yishai, Israel; temperature range: 0–50 °C, baseline
temperature 32 °C) with a 9.0 cm2 contact surface of the thermode and related
computer software (version 5.35) was used. Thermal tests were performed,
including cold detection threshold (CDT), warm detection threshold (WDT),
cold pain threshold (CPT) and heat pain threshold (HPT). Furthermore, the
thermal sensory limen (TSL) was obtained, a thermal difference limen using
alternating cool and warm stimuli, and the number of reported paradoxical
heat sensations (PHS) were recorded. The mechanical testing included the
mechanical detection threshold (MDT), using a standardized set of modified
von Frey hairs (Opti-hair2-Set; Marstock Nervtest, Schriesheim, Germany), the
mechanical pain threshold (MPT), using calibrated pinpricks (MRC Systems,
Heidelberg, Germany), the vibration detection threshold (VDT), using a
Rydel-Seiffer tuning fork (64 Hz), which was applied over prominent bones
near the testing area and the pressure pain threshold (PPT) measured over
muscles within or near the investigation area using the pressure algometer
(FDN200; Wagner Instruments, Greenwich, CT, USA). On the trunk, PPT was
not performed routineously. PPT was not tested over muscles with underlying
ribs because of suggested risk of osteoporotic rib fractures during application of
pressure or over abdominal muscles with no underlying bone as resistance.
Mechanical pain sensitivity (MPS) and dynamic mechanical allodynia (DMA)

were assessed by applying pinprick stimuli and slight tactile stimuli (cotton
wisp, 3 mN; Q-tip, 100 mN; soft brush, 200–400 mN; Somedic, Hörby,
Sweden) in a standardized randomized order. Pain summation to repetitive
pinprick stimuli (wind up ratio, WUR) was assessed as a ratio between a single
pinprick stimulus and a series of 10 repetitive applications of the same stimulus
intensity in a frequency of 1/s. For MPS, DMA and WUR patients were asked to
rate the stimuli on a numeric rating scale (0=no pain, pricking, stinging or
burning sensation, 100=maximal pain imaginable). The results for each
parameter were calculated according to the published recommendation.17

The loss and gain score (LOGA score) was calculated according to Maier
et al.,37 but side-to-side differences were not included because of bilateral nerve
damage.

Magnetic resonance imaging
Available MRI scans were reviewed by a spine radiologist (M.F.B.). MRI results
were assigned to four different groups: (1) ‘no detectable neural lesion’,
(2) ‘poorly defined spinal cord or cauda equina lesion with questionable
affection of the somatosensory system’, (3) ‘questionable match between MRI
lesion and SCI pain site or pain presentation’ or (4) ‘atypical lesion with spinal
cord atrophy only’.

Statistical analyses
Data analysis was carried out using the SPSS software (IBM SPSS Statistics for
Windows, Version 21.0; IBM Corp., Armonk, NY, USA). A descriptive analysis
was performed on the demographic, clinical and SCI characteristics. Data are
reported as means and standard deviations. All data were evaluated in an
anonymized manner.

RESULTS

Demographic data, clinical data and MRI
A review of medical records of 62 patients with SCI who were referred
for pain treatment to our clinic from January 2011 to December
2013 revealed that 13 patients (3 women and 10 men) had evaluations
with combined LEP and QST examinations being carried out.
The causes of SCI were spinal trauma (n= 9), degenerative
spinal canal stenosis (n= 1) and SCI following perioperative
complications (n= 3). The summary of the clinical characteristics
(age, age at injury, AIS grades, time since injury, pain duration and
pain medication) is shown in Table 1, and the outcomes of the self-
administered questionnaires are given in Table 2. Here, 12 patients
could be included for evaluation only because of missing the
questionnaire data set in patient no. 12. The reason to perform LEP
and QST was inconclusive MRI findings (see below). After demon-
stration of a lesion of the somatosensory system by abnormal LEP
and/or QST, five of the paraplegic patients could be diagnosed
suffering from at-level SCI pain and two from below-level SCI pain,
whereas all six tetraplegic patients could be diagnosed having
below-level SCI pain. For detailed clinical data of each patient (injury
etiology, lesion level, NLI, type of paralysis, AIS, SCI pain subtype,
pain site, examination site and MRI result) refer to Table 3.

Laser-evoked potential
Cortical LEP were abnormal in 9/13 patients (absent potential in 8/13,
prolonged latencies N2 in 1/13). Laser sensory thresholds were
abnormal in 4/13 (absent 2/13, increased 2/13, not performed in
3/13). Laser pain thresholds were abnormal in 5/13 patients (absent
4/13, increased 1/13). Cortical LEP were abnormal in 5/8 patients with
below-level SCI pain and in 4/5 with at-level SCI pain. Laser sensory
thresholds were abnormal in 3/7 patients (not examined in one) with
below-level SCI pain and in 2/3 (in 2 not examined) with at-level
SCI pain. Laser pain thresholds were abnormal in 4/8 patients with
below-level SCI pain and in 1/5 with at-level SCI pain consistent with

Table 1 Clinical characteristics of patients (n=13)

Variable Number and percentage (if not otherwise

stated)

Gender
Woman 3 (77%)

Men 10 (23%)

Age (years)
Mean (± s.d.) 50.0 (±16)

Age at injury (years)
Mean (± s.d.) 42.17 (±17.8)

AIS grade
A 3 (23.1%)

B 1 (7.7%)

C 2 (15.4%)

D 7 (53.8%)

Classification
Paraplegia 7 (53.8%)

Tetraplegia 6 (46.2%)

Time since injury (years)
Mean (± s.d.) 6.8 (±5.4)

Pain duration since
o1 year 2 (15.4%)

41 year 2 (15.4%)

42 years 2 (15.4%)

45 years 7 (53.8%)

Pain medication 2.2 (±0.86; 0–3)

Calcium-channel antiepileptics 10 (76.9%)

Opioids 6 (46.2%)

Analgesics 5 (38.5%)

Serotonin norepinephrine

Reuptake inhibitors 4 (30.8%)

Sodium-channel antiepileptics 3 (23.1%)

Tricyclics 1 (7.7%)

Abbreviation: AIS, American Spinal Injury Association Impairment Scale.
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loss of function. Considering all laser parameters (including latencies,
amplitudes, laser sensory and laser pain thresholds), only 2/13 had
completely normal results (2 patients with below-level SCI pain).
In one further patient with at-level SCI pain, latencies, amplitude and
laser pain threshold were normal but laser sensory threshold was not
examined. For this latter patient, the LEP was rated as normal (Table 4).

Quantitative sensory testing
The function of the spinothalamic tract (STT) was assessed for
thermal parameters such as CDT, WDT, TSL, PHS, CPT and HPT
and for mechanical parameters such as PPT, MPT, MPS, DMA and
WUR. All patients showed at least one abnormal STT parameter
(Table 4). The most frequently affected STT parameter with loss of
function was TSL (8/13), WDT (6/13) and CDT (4/13), whereas CPT,
HPT and PPT never showed loss of function. The most frequently
affected STT parameter for gain of function were MPT (4/13) followed
by PPT and MPS (3/13) and DMA (2/13). CDT, WDT and WUR
never showed gain of function. The function of DCS was assessed for
mechanical parameters MDT and VDT. Abnormal DCS parameters
were found in 11/13 patients. The most affected DCS parameter for
loss of function was VDT (11/13), whereas MDT was slightly less
affected (8/13). No gain of function for DCS was seen. In three
patients, PPT was not tested because in dermatome T6, T8 and T10
there is no appropriate muscle to test. WUR could not be investigated
in four patients according to the protocol, because the used 256 mN
pinprick was ‘not’ or ‘not painful’ perceived. All QST parameters
except WUR were affected in a different degree ranging between 1
(CPT, gain) and 11 times (VDT, loss). Parameters that most
frequently showed both loss or gain were MPT (3 loss, 4 gain) and
MPS (2 loss, 3 gain). Eight different LOGA scores were estimated. The
most frequent LOGA scores were L3G2 and L3G0, which occurred in
three, whereas L2G0 occurred in two patients only. Six out of
13 patients showed LOGA scores with loss and gain of function (four
different scores). LOGA scores with loss of function only occurred in

five patients (L3G0 in 3, L2G0 in 2). LOGA scores with gain of
function only occurred in two patients (L0G3 in 1, L0G2 in 1). QST in
patients with below-level and at-level SCI pain did not show major
differences. In average, patients with below-level SCI pain had 4.9
abnormal parameters and with at-level SCI pain had 4.2 abnormal
parameters.

Usefulness of LEP and QST in diagnostic workup
In all four patients (nos 1–4) belonging to the MRI group ‘no
detectable neural lesion on MRI’, both LEP (except patient no. 3) and
QST were abnormal. This could suggest that LEP and QST have an
additional diagnostic contribution to establish the diagnosis of a spinal
lesion. On QST in this group, loss and gain signs were found in two
patients (L3G1 and L2G2), whereas two had loss only (L2G0). LEP in
patient no. 1 was abnormal regarding laser pain threshold only. Four
patients were assigned to the MRI group ‘poorly defined spinal cord or
cauda equina lesion with questionable affection of somatosensory
system’ (nos 5–8). In this group, absent cortical LEP were shown in
three patients, whereas LEP (including cortical LEP and thresholds) in
one was completely preserved (patient no. 6). QST revealed LOGA
scores L3G2 in two, but L3G0 in two patients, also confirming a lesion
of the somatosensory system. In four patients with ‘questionable
match between MRI lesion and SCI pain site or pain presentation’
(nos 9–12), all patients had abnormal LEP, and on QST, a combina-
tion of loss and gain of function was found in two, but loss or gain
only in two patients suggesting a lesion of the somatosensory system.
In one patient with ‘atypical lesion with spinal cord atrophy only’
(no. 13), LEP was normal but LOGA score was L0G2, suggesting the
involvement of somatosensory pathways.
When comparing both techniques, LEP as a test for STT function was

abnormal in 10 cases (including cortically evoked potentials and
thresholds), but QST showed abnormalities in all cases for STT function.

DISCUSSION

The aim of this study was to evaluate the additional contribution of
LEP and QST in diagnosis of neuropathic SCI pain in patients with
inconclusive MRI findings and the evaluation of the somatosensory
system in patients with chronic neuropathic SCI pain.
We could demonstrate that there might be an indication to apply

LEP and QST in patients with inconclusive MRI findings to get further
information about the function of the somatosensory system. Indeed,
in our study, the application of LEP and QST revealed a lesion within
the somatosensory system and therefore the diagnosis of neuropathic
at-level or below-level SCI pain could be established in all cases. We
were able to demonstrate LEP abnormalities in most of the patients,
whereas QST abnormalities were found in all patients. Because QST is
a psychophysical examination depending on patient cooperation, we
suggest that an objective measurement method should be added,
which is in line with guidelines on neuropathic pain assessment.14,38

Therefore, the combination of QST (abnormal in all cases) and LEP
(normal in three cases only) might be a valuable diagnostic tool to
detect a lesion of the somatosensory system in a subgroup of patients
with SCI pain and inconclusive MRI findings.

Demographic and clinical and pain-related data
The present cohort was comparable regarding mean age to the
literature of chronic pain patients39,40 and in comparison with other
SCI cohorts similar25 or older.2 The distribution of sex in our cohort
(ca. 75% males) was similar to the general SCI population in
Switzerland.41 Four (31%) of our patients showed no detectable
neural lesion (spinal cord or cauda equina) on MRI scan, and the

Table 2 Outcomes of the self-administered questionnaires

Assessment Mean± s.d.; range; n=12a (if not otherwise stated)

Pain intensity (VAS) 76.0 (±10.3; 63–87)

HADS
Anxiety 10.0 (±4.3; 4–16)

Depression 9.5 (±3.9; 4–15)

SF-12
PCS 30.3 (±9.5; 18.4–45.0)

MCS 39.5 (±13.5; 22.7–58.8)

GCPS Number and percentage

Grade 0–1 n=0 (0%)

Grade 2 n=2 (16.7%)

Grade 3 n=1 (8.3%)

Grade 4 n=9 (75%)

MPSS
Stage I n=1 (8.3%)

Stage II n=6 (50(%)

Stage III n=5 (41.6%)

Abbreviations: GCPS, graded chronic pain scale; HADS, hospital anxiety and depression scale;
MCS, mental component summary; MPSS, Mainz pain staging system; PCS, physical
component summary; SF-12, short-form SF-12 health survey; VAS, visual analog scale.
aOne missing data set for incompleteness.
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lesion site was found more often below the cervical level. Three of
those patients had evidence of a vertebra fracture or other pathology.
Therefore, the SCIWORA could be applied in one case only. Pain
intensity was high in our cohort, although high pain intensity is often
observed in patients with SCI.2 In our chronic patients’ cohort, we
found high stages of chronicity as well as evidence of depression,
anxiety and lower quality of life.

LEP in SCI pain
At present, LEP data in traumatic SCI with or without pain have not
been studied systematically yet. Nevertheless, a case report of two
patients with SCI showed absent CO2-LEP below MRI confirmed
lesion,42 and a case series in patients with different chronic inflam-
matory spinal diseases also showed Thulium-YAG-LEP abnormalities
in nearly all cases,16 which is about similar to our findings.
Abnormalities on different anatomical levels of CO2-LEP are reported
in patients with syringomyelia without pain showing increased or
absent latencies and decreased or absent amplitudes or increased pain
thresholds.43 In the majority of patients with syringomyelia and pain,
CO2-LEP was also absent or abnormal.44 In comparison with these
two studies, in our cohort, absent or abnormal cortical LEP were
found in about two-thirds of the patients. This could suggest a
different pattern of LEP abnormalities in patients with SCI pain, which
may be explained by more affected midline crossing STT pathways in
syringomyelia. Another study investigated, with several methods
including QST and LEPs, the relationship between sensory symptoms
and structural and functional lesions of spinal sensory tracts in
patients with syringomyelia, with and without central neuropathic
pain. In that study, no significant differences were observed between
the two groups of patients neither for QST (thermal/mechanical and
vibration thresholds) nor for LEP for all tested areas of the upper
limbs (i.e. both shoulders and hands), whether painful or not.45 The
observed difference was between patients with both spontaneous and
evoked pain and patients with no pain or spontaneous pain only.

Indeed, the clinical somatosensory impairment was milder in patients
with spontaneous and evoked pain than in patients without pain or
with spontaneous pain only. Besides LEP, other cortically evoked
responses like contact heat-evoked potentials have also been reported
in SCI. In SCI patients without and with pain, contact heat-evoked
potential were investigated just below the NLI on trunk showing
prolonged latencies in both groups without differences.46 In our series,
LEP were obtained on more distal dermatomes than just below
the NLI. Contact heat-evoked potentials recorded above the NLI in
patients with SCI with and without neuropathic pain were not
different to healthy controls.47 Contact heat-evoked potentials in
patients with incomplete diffuse SCI were reported abnormal in
92% of cases, whereas in 89% abnormalities were found in patients
with central and/or anterior cord damage.48

QST in SCI pain
Although LEPs were able to detect lesions in STT, QST allowed to
differentiate between loss (negative sensory signs) and gain (positive
sensory signs) of function both in STT and DCS. QST has been
applied in SCI with and without pain using various methods and
reporting different results.23–26 Here, we used the standardized
German DFNS protocol, which has not been applied in SCI
systematically yet, except in a single case report,27 in a large number
of patients with different neuropathic pain syndromes including
central pain37 and in inflammatory spinal lesions.16 This makes
comparisons of the results from different studies difficult and by
now it is still impossible to give the best early predictor for the
neuropathic pain development after SCI.
In our study, every patient showed an individual QST profile, which

could potentially mean different underlying pain mechanism(s) and
therefore individual approach for treatment. However, at the same
time in more than half of the patients, we could find some parameters
in common. For example, the most affected parameter indicating
sensory loss for STT was TSL. Further thermal detection parameters

Table 4 Results of laser-evoked potentials and quantitative sensory testing

Patient Spinothalamic tract function Dorsal column function LOGA

LEP
QST QST QST

Latency, amplitude Laser thresholds

1 Normal Loss (LPT) Loss (WDT, TSL, PHS) Gain (CPT) Loss (MDT, VDT) L3G1

2 Loss Impaired Loss (TSL, MPT, MPS) Loss (MDT, VDT) L2G0

3 Normal Normal Gain (PPT) Loss (VDT) L2G2

4 impaired (latency) Normal (LPT) Loss (PHS) Loss (MDT, VDT) L2G0

5 Loss Impaired (LST) Loss (WDT, TSL) Gain (MPT) Loss (VDT) L3G2

6 Normal Normal Loss (WDT, TSL) Gain (MPT, MPS) Loss (MDT, VDT) L3G2

7 Loss Loss Loss (CDT, WDT, TSL, MPT, MPS) Loss (MDT, VDT) L3G0

8 Loss Lormal Loss (CDT, WDT, TSL, PHS, MPT, MPS) Loss (VDT) L3G0

9 Loss Loss (LPT) Gain (HPT, PTT) Loss (MDT, VDT) L2G3

10 Loss Normal Loss (CDT, WDT, TSL) Loss (MDT, VDT) L3G0

11 Loss Loss Loss (CDT, WDT, TSL, PHS) Gain (DMA) Loss (MDT, VDT) L3G2

12 Loss Impaired (LST) Gain (HPT, PTT, MPT, MPS, DMA) Normal L0G3

13 Normal Normal (LPT) Gain (MPT, MPS) Normal L0G2

Abbreviations: CDT, cold detection threshold; CPT, cold pain threshold; DMA, dynamic mechanical allodynia; HPT, heat pain threshold; impaired LEP, reduced amplitude or increased latency, or
increased/decreased LST/LPT; loss LEP, LEP or LEP thresholds not detectable; loss/gain QST, QST parameter outside the 95% confidence interval of reference data.17 LOGA score, loss and gain
score37; LPT, laser pain threshold; LST, laser sensory threshold; MDT, mechanical detection threshold; MPS, mechanical pain sensitivity; MPT, mechanical pain threshold; MRI, magnetic resonance
imaging; PHS, paradoxical heat sensation; PPT, pressure pain threshold; SCI, spinal cord injury; TSL, thermal sensory limen; VDT, vibration detection threshold; WDT, warm detection threshold;
WUR, wind up ratio.
Patients are ordered as described in Table 3.
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such as WDT, CDT and PHS were found to be abnormal as well, but
in less than half of the patients. Sensory hypersensitivity was found to
the less extent: only several patients had gain in mechanical pain
parameters such as MPT, PPT and MPS, pointing toward STT
dysfunction. DCS impaired function was detected almost in all
patients with sensory loss in MDT and/or VDT parameters.
In summary, chronic pain SCI patients from our study showed both

thermal and mechanical abnormalities at the same time, which
reflected in frequent LOGA, such as L3G2 and L3GO.

Considerations to perform LEP and QST in SCI
In general, MRI should be used whenever a spinal cord lesion or an
occult injury is suspected49,50 and is suggested as the gold standard in
assessing spinal emergencies.51 Furthermore, functional and structural
multimodal imaging modalities can identify possible abnormalities in
the brain regions participating pain modulation in neuropathic pain in
patients with SCI pain.52,53 In inconclusive imaging findings, both LEP
and QST can be useful. However, from our study, several issues need
to be considered in patients with SCI pain. First, the investigation and
the pain site should match and patients should have residual sensation.
Therefore, patients with complete SCI lesions can only be investigated
when the neuropathic pain is situated within the zone of partial
preservation. Second, for people with particularly limited mobility
after SCI, a comfortable position has to be considered for examination.
Third, for several tests of the QST battery, a horizontal testing area is
mandatory. These are tests that require weighted pinpricks (MPT,
MPS, ALL, WUR). Because QST as well as the estimation of laser
sensory and pain thresholds are psychophysical examinations, patients
need to be cooperative and to understand the procedure.

Influence of current pain medication on LEP and QST
We cannot exclude the influence of medication on LEP and QST
because this was a retrospective study and all the patients except one
were on pain-modulating medications. Several effects of pain-
modulating medication on evoked potentials and LEPs have been
reported such as a reduction of LEP amplitudes.54–60 Medication-
related changes on QST parameters are also possible but have not been
studied systematically. No significant changes were reported after
treatment with pregabalin61 and topical lidocaine,21 but for topical
capsaicin62 and opioids.63 A tendency for medication-associated
sensory changes was also reported.64

Limitations of LEP an QST in diagnostic workup
This is a retrospective study design. Limitations of our study were the
low number of patients and the heterogeneity of the cohort with
regard to the lesion level, the completeness of the lesion, the pain site,
the type of pain (at-level or below-level), findings on MRI and pain
medication.
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