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Variability in clinical and neurophysiological evaluation of pain
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INTRODUCTION: Chronic neuropathic pain (NeP) often develops following traumatic spinal cord injury (SCI). This case report
explores variability in clinical and neurophysiological aspects of pain evaluation in early post-trauma stages.
CASE PRESENTATION: A 34-year old female presenting with acute incomplete sensorimotor tetraplegia C4 AIS D was examined by
neurological examination and pain assessment at three time points after acute trauma T1 (8 weeks), T2 (11 weeks), and T3
(24 weeks). Quantitative sensory testing (QST) and laser-evoked potentials (LEPs) were measured above (control area), at (area of
NeP), and below (foot) the neurological level of injury (NLI). Musculo-skeletal and neuropathic pain were clinically present already
during T1 but showed variations in localization and occurrence over time. Neuropathic pain classification varied between time
points due to shifting of NLI. Above-level QST revealed minor, less pronounced abnormalities similar to at-level site. At-level QST
(site of NeP) showed loss for thermal and mechanical detection thresholds but also gain of function for mechanical pain thresholds
with a tendency of amelioration over time. QST below-level did not reveal remarkable changes over time. LEPs above- and below-
level were within normal limits. At-level LEPs abolished after T1.
DISCUSSION: In early stages post injury (up to 6 month) variations in pain presentation for both, musculo-skeletal and neuropathic
pain as well as QST and LEP could be demonstrated. These findings suggest ongoing adaption mechanisms in sensory pathways,
which require further exploration and may be relevant for prognostic and preventive strategies against the development of chronic
neuropathic and nociceptive pain.
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INTRODUCTION
Pain is the most encountered problem in functioning among
individuals with spinal cord injury (SCI) [1]. The estimated
prevalence of pain following traumatic SCI is 74% [2], the point
prevalence of neuropathic pain (NeP) is 53% [3]. Besides, pain is a
difficult problem to manage and also directly contributes to
disability by reducing the person’s capacity to participate in
rehabilitation and return to work [4]. Onset of neuropathic SCI
pain (SCIP) is observed within the first 12 month following SCI
and tend to become persistent, whereas musculoskeletal pain
either resolves in cases of early onset [5] or more often has a late
onset. Chronic pain is defined as persistent or recurrent pain
lasting longer than 3 months [6]. The diagnosis of different pain
types, including NeP, is clinically according the International
Spinal Cord Injury Pain Classification (ISCIP) which distinguishes
between nociceptive, neuropathic and unknown pain [7]. In
unclear pain presentation neurophysiology as pain-related
evoked potentials and quantitative sensory testing (QST) may
help to support the diagnosis of NeP [8, 9].
Pain-related evoked potentials like laser evoked potentials (LEPs)

and contact heat evoked potentials (CHEPs) as well as QST have been
shown to be abnormal in chronic NeP in individuals with SCI
[8, 10, 11]. In addition, QST has also been applied in early stages of
SCI (within 2 weeks up to 6 month) to monitor early changes of

sensory profiles showing abnormalities in thermal thresholds and
signs of hypersensitivity [12]. QST according to the German network
on neuropathic pain (DFNS) is a comprehensive tool to examine a
wide range of sensory modalities including thermal and mechanical
detection and pain thresholds [13].
Within the Swiss Spinal Cord Injury Cohort Study (SwiSCI),

approved by local ethical committee (EKNZ 2017-00634) we report
a case where pain assessment and neurophysiology as LEPs and
QST were applied during first rehabilitation after SCI to explore
early clinical, pain-related and neurophysiological aspects of pain
development and chronification.

CASE PRESENTATION
After an acute trauma due to a traffic accident, a 34-year old female
presented with an incomplete sensorimotor tetraplegia, C4, Amer-
ican Spinal Injury Association (ASIA) Impairment Scale (AIS) grade D.
We monitored her by neurological examination, pain assessment and
neurophysiological examinations during 3 different time points:
8 weeks (T1), 11 weeks (T2) and 24 weeks (T3) after injury. The
neurological level of injury C4 at T1 shifted on left side to C3 at T2,
further on to C1 at T3. Overall, there was a clinical improvement from
T1 to T3 (sensory level on the right side improved by 3 points, motor
levels on both sides improved by 17 points in total according to the
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International standards for neurological classification of spinal cord
injury, ISNCSCI) [14].
The SwiSCI inception cohort, of which the presented case was part

of, has five measurement and sampling time points by design to
ensure the longitudinal follow up of the functioning after SCI. Due to
early discharge from hospital data is only available from the first
three time points. The assessments included the ISNCSCI, the ISCIP-
classification [7], the International Spinal Cord Injury Pain Basic Data
Set (SCIPBDS), version 2.0 [15], the Spinal Cord Injury Pain Instrument
(SCIPI) [16] and pain drawings. Neurophysiological examinations as
LEPs and QST were performed at 3 different locations on her left
body site: [1] Within 2 dermatomes above the neurological level of
injury (NLI) as an unaffected control area, named above-level area.
The range of 2 dermatomes was chosen for technical reasons to
improve suspected accessibility for the neurophysiological tests [2].
Within 3 dermatomes below NLI, named at-level area. This area is
suspected to correlate with the area of neuropathic At-level SCIP and
associated sensory findings [3]. At the dorsum of the foot, named
below-level area. QST was performed according to the standardized
protocol of the German network for NeP [13]. This protocol includes
the acquisition of cold detection threshold (CDT), warm detection
threshold (WDT), thermal sensory limen (TSL), cold pain threshold
(CPT), heat pain threshold (HPT), pressure pain threshold (PPT),
mechanical pain threshold (MPT), mechanical pain sensitivity (MPS),
wind-up ratio (WUR), mechanical detection threshold (MDT), vibra-
tion detection threshold (VDT), dynamic mechanical allodynia (DMA)
and paradoxical heat sensations (PHS). Thermal stimuli were applied
using TSA-II, Medoc, Ramat Yishai, Israel (temperature range: 0–50 °C,
baseline temperature 32 °C). For TSL thermal difference limen using
alternating cool and warm stimuli, for PHS the number of reported
paradoxical heat sensations were recorded. For mechanical detection
threshold (MDT) modified von Frey hairs (Opti-hair2-Set; Marstock
Nervtest, Schriesheim, Germany), for mechanical pain threshold
(MPT) calibrated pinpricks (MRC Systems, Heidelberg, Germany), for
vibration detection threshold (VDT) Rydel-Seiffer tuning fork (64 Hz)
and for pressure pain threshold (PPT) pressure algometer (FDN200
foot; FDN100 face, neck, arm; Wagner Instruments, Greenwich, CT,
USA) were used. For determination of mechanical pain sensitivity
(MPS) and dynamic mechanical allodynia (DMA) pinprick stimuli (as
above) and slight tactile stimuli (cotton wisp, 3mN; Q-tip, 100mN;

soft brush, 200–400mN; Somedic, Hörby, Sweden) were given in a
standardized randomized order. 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. To determine MPS, DMA and WUR the patient was asked to
rate the stimuli on a numeric rating scale (NRS), 0= no pain, pricking,
stinging or burning sensation, 100=maximal pain imaginable. LEPs
measurements were performed using a Thulium-YAG laser (Star-
MedTec GmbH, Starnberg, Germany). For LEPs recording, a
randomized application by the machine of different laser intensities
alternating between 1.6 and 1.8-fold of the pain threshold and
randomized inter-stimulus interval lasting between 7 and 15 s were
given. All evoked potentials were recorded from Cz versus linked
earlobes (band pass 1–30 Hz, sampling rate 500 Hz, impedance <
5 kΩ). Ground electrode was attached to the right hand. The Electro-
Oculo-Gram (EOG) of the right eye was recorded from two linked
surface electrodes.

FINDINGS
The evaluation of the SCIPBDS 2.0 revealed that during her 3 visits
the patient showed variable pain distributions with regard to the
occurrence of nociceptive pain on right shoulder (abolished
intermittent) and a conversion from nociceptive pain on both
upper arms to NeP at T2. The localization of NeP was also variable
between T1 and T2 with reduction of the extent of whole hand to
thumb only, which went along with a change in classification from
Below-level SCIP (Be-L SCIP) to At-level SCIP (At-L SCIP). In
addition, due to a change of the NLI over time, the classification
At-L SCIP on T2 for both locations (upper arms and left hand)
changed again to Be-L SCIP at T3 (Fig. 1). The pain interference for
daily activities improved from T1 to T2 and T3 from NRS 4 to 2/10
(0 stands for no interference at all, 10 for very high interference).
Mood and sleep were not affected by the pain at T1, but sleep was
mildly affected by pain at T2 and T3 (NRS 3 and 2/10 resp.). Pain
interference on mood was obvious on T3 showing NRS 3/10.
Medical treatment at T1 included anti-epileptics, opioids and
analgesics. At visit T2 opioids had been stopped while at T3 she
was not on pain medication. SCIPI questionnaires at T1 were
concordant with musculo-skeletal pain (right shoulder 0/6 items,

Fig. 1 Pain drawings at different time points after spinal cord injury. T1: week 8, T2: week 11, and T3: week 24. Blue color: musculo-skeletal
pain. Yellow color: neuropathic at-level SCIP. Orange color: neuropathic below-level SCIP.
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upper arms 0/6 items), but for NeP failed to be discriminative (3/6
items). SCIPI questionnaire were concordant according musculo-
skeletal pain (right shoulder at T3 1/6 items) and NeP upper arms
(T2 4/6, T3 5/6 items) and for thumb 4/6 items at T2 and T3.
QST at the above-level site showed, despite clinically not

affected by pain or neurological deficits, at T1 some loss for
thermal and mechanical detection thresholds but gain of function
for pressure pain (Fig. 2A) which partly persisted at T2 but
improved to a lesser extent at T3. QST at the at-level area (site of
NeP) showed basically the same time course with more
pronounced values, but normalization for mechanical loss at T3
(Fig. 2B). QST at the below-level area showed loss of function for
mechanical detection thresholds, but less pronounced at T3
(Fig. 2C). Latencies and amplitudes of LEPs at the above-level site
were within normal limits at all 3 time points, amplitudes showed
a stepwise increase with time. At the at-level site, LEPs abolished
after T1. LEPs at the below-level site were within normal limits but
amplitudes improved at T3 (Fig. 3).

DISCUSSION
The aim of this case report is to report pain-related and
neurophysiological aspects of pain development during the early
phase of SCI (between 8 and 24 weeks after trauma), a time period
where processes of pain chronification take place. We observed
variations in pain manifestations during the first 6 months
following SCI for both pain types, nociceptive and neuropathic
pain. In addition, due to variations of pain distribution and shifting
of NLI, appropriate classification of NeP varied between At-L and
Be-L SCIP. QST abnormalities were most pronounced within the
neuropathic pain site, while LEPs abolished early at the neuro-
pathic pain site. Findings may suggest ongoing adaption
mechanisms in sensory pathways during the early post-injury
stages, which may need further exploration to predict and prevent
development of neuropathic and nociceptive pain.
It was found that both nociceptive and neuropathic pain types

were present already 8 weeks after trauma. At week 24
nociceptive pain was diminishing but NeP was partly extending.
This is in line with the literature as nociceptive pain is the most
common type of pain early after injury whereas the prevalence of
NeP increases over time [5]. Long term follow-up of 5 years after
injury has shown a strong correlation for persisting NeP but poor
correlation for nociceptive pain [17]. Time point T2 (11 weeks after
trauma) in our report seemed to be interesting, since a transition
of initial nociceptive appearing arm pain to a neuropathic At-L
SCIP was noted. While the ISCIP-classification [7] contains the term
“unknown pain” for pain types which cannot be classified
properly, possibly such pain types may be potential candidates
for such transition. We assume that mechanisms of central
sensitization, which are involved in the transition from acute to
chronic pain [18] and changes in the pain matrix [19] might be
involved. A further interesting finding at T2 was, that due to a
reduction of the extent of NeP from left whole hand (dermatomes
C6, C7 and C8) at week 8 to thumb only (dermatome C6), there
was a change from Be-L SCIP to At-L SCIP. But finally at T3 (week
24), the same thumb pain, due to a shift of the NLI from C3 to C1,
had to be classified as Be-L SCIP. This change of NLI remains
unclear since the study does not include MRI. But spreading of
hypersensitivity to above-level areas up to several dermatomes in
patients with Be-L SCIP pain has been described [20]. Neuronal,
generalized and unspecific sensitization patterns of the central
nervous system have been discussed [20]. In SCI with central
neuropathic pain, significantly higher thermal and tactile detec-
tion thresholds have been found above the lesion level [21] in
comparison to an SCI pain free group. Therefore, we propose that
sensory changes above the NLI in patients with neuropathic SCIP
may interfere with the exact determination of NLI and therefore
with the appropriate NeP classification as At-L or Be-L SCIP.

The transition—as discussed above—from nociceptive to neuro-
pathic pain has been supported by changes in SCIPI questionnaires
accordingly. But SCIPI questionnaire at week 8 at the neuropathic
pain site of left hand failed to be discriminative for NeP while on

Fig. 2 Quantitative sensory testing (QST) parameters at all three
time points. A Above-level testing area, (B) at-level testing area, (C)
below-level testing area. Parameters are shown in z-score values,
except for PHS and DMA (inset). Values below zero indicate a loss of
function and values above zero indicate a gain of function. The gray
area indicates values in normal range (−1.96 to 1.96). CDT cold
detection threshold, WDT warm detection threshold, TSL thermal
sensory limen, CPT cold pain threshold, HPT heat pain threshold,
PPT pressure pain threshold, MPT mechanical pain threshold, MPS
mechanical pain sensitivity, WUR wind-up ratio, MDT mechanical
detection threshold, VDT vibration detection threshold, PHS
paradoxical heat sensations, DMA dynamic mechanical allodynia;
T1, 8 weeks; T2, 11 weeks; T3, 24 weeks, NRS numeric rating scale.
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week 11 and 24 it was indicative for NeP. SCIPI questionnaire is
validated to distinguish between nociceptive and neuropathic pain
in SCI [16]. Failure in discrimination may be explained by sensitivity
and specificity characteristics of this questionnaire.
QST results of our patient show a loss of thermal and

mechanical detection thresholds at the at-level area (site of
NeP) but a gain of function for mechanical pain thresholds with
the tendency of mild amelioration over time. Sensory hypersen-
sitivity in dermatomes corresponding to the lesion level was
found more frequently in SCI patients with central pain than in
those without pain [22]. Report of SCIP within one year after
injury is related to an increase of Be-L SCIP, while report of At-L
SCIP within the first 6 month is initially increasing, but later partly
decreasing. Early sensory hypersensitivity, particularly cold-
evoked dysesthesia at one month was found as a predictor for
the development of Be-L SCIP at 12 months [15]. In addition, SCI
patients who developed Be-L SCIP showed higher thermal
thresholds than those who did not and displayed high rates of
abnormal sensations (allodynia and hyperpathia), which gradu-
ally increased with time until central pain has been developed
[12]. In chronic SCIP loss of thermal and mechanical detection
and pain thresholds as well as gain of thermal and mechanical
pain thresholds have been reported [8] but were also found in
SCI without NeP [11]. In addition, QST in our patient at the above-
level site showed, despite being clinically not affected by pain or
neurological deficits, on T1 minor loss for thermal and mechan-
ical detection thresholds but gain of function for mechanical
pain threshold partly improving over time. QST changes above
the NLI have been reported patients with SCIP [11, 20, 21]. Similar
phenomena of QST changes in non-affected areas contralateral
to NeP sites are also known from other NeP-syndromes [23, 24]
or extraterritorial spread of symptoms [25], suggested to be
related to chronic maladaptive cortical plasticity [23] or to pain-
induced sensory changes through central mechanisms [24, 25].
QST at the below-level area in our patient was done in a not
painful area. QST abnormalities have been reported in chronic
pain free SCI individuals [11] basically showing impaired
sensation due to SCI. The improvement in the below-level area
at 24 weeks in our patient may reflect the clinical improvements
from T1 to T3.
In our case abnormal respectively absent LEPs were found at

the site of NeP only from week 8, suggesting ongoing changes
within the spinothalamic tract [26]. Absent LEPs in chronic SCIP

have been shown [8] but same findings were also found in SCI
without pain [11]. Preserved LEPs at the below-level site may be
related to incomplete SCI AIS D.
We conclude that early stages post injury (up to 6 month) may

play an important role in the development of both, nociceptive
and neuropathic pain. Findings may suggest ongoing adaption
mechanisms during early stages post injury within sensory
pathways, which may need further exploration to predict and
prevent development of neuropathic and nociceptive pain as well
as pain chronification.
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