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Abstract 

Background: Case studies have shown that some persons develop an acute cauda equina syndrome from injuries 
to perispinal tissues and/or vertebral fractures in motor vehicle accidents (MVAs). It is of neuropsychological 
interest to examine if persistent subjective symptoms of injury to the area of cauda equina are present, in milder 
forms, even in post-MVA patients who have not sustained documented vertebral fractures, when such patients 
are interviewed many months after their accident. This study presents statistical data on a 5 item screening 
scale to measure such subjective persistent symptoms of cauda equina syndrome. This scale may be used by 
family physicians or by specialized medical psychologists to determine if a referral to a neurologist is warranted 
and necessary. 

Method: Archival de-identified data on 67 Canadian patients in the Toronto area (mean age 38.8, SD=11.7; 25 men 
and 42 women) who survived serious MVAs were evaluated for the presence of the following 5 symptoms: (1) patho-
logical tingling extending over the gluteus, between the legs or on upper thighs, and over lower abdomen, (2) numb-
ness extending over the gluteus, between the legs or on upper thighs, and over lower abdomen, (3) reduced control 
over leg muscles, (4) impaired control over the urinary bladder, and (5) impaired bowel control. 

Results: Frequencies of reports of moderate or severe symptoms involving these 5 items were as follows: reduced 
control over legs by 25.4% of patients, impaired bladder control by 18.0% of patients, tingling in lower body 
or legs by 16.5% of patients, impaired bowel control by 14.9% of patients, and numbness in lower body or legs 
by 9.0% of the patients. This 5 item scale has a satisfactory internal consistency (Cronbach’s alpha = .77) and 
item-total correlations. This screening scale for cauda equina syndrome has satisfactory convergent validity as 
shown by its significant correlations, in our sample of patients, to other subjectively reported whiplash symptoms 
(r=.69) and also by significant positive correlations to various ratings of pain (rs of .33 to.42), insomnia (r=.43), 
post-concussive symptoms as operationalized by Rivermead scores (r=.40), PTSD as measured via PCL-5 (r=.49), 
and depression (r=.33).
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Introduction
The numerous nerves that branch out from the lower 
end of spinal cord are known as the cauda equina, 
due to their anatomical resemblance to a horse’s 
tail. This portion of the spinal region contains nerves 
that innervate sensory and motor targets within the 
lumbar, sacrum, and coccygeal levels (Ridley, et al. 
2018). The role of these nerves projecting distally 
into the lumbar cavity from the L2-L5 segments of 
the spinal cord to the coccyx is to provide somatic 
efferent innervation to the muscles of the lower limb 
and somatic afferent sensations such as vibration, 
proprioception, pain, and temperature (Kunam, et al., 
2018). The parasympathetic nerves provide visceral 
efferent signals to the urinary bladder from the spinal 
cord at levels S2 to S4, controlling the urination 
process, while the sympathetic fibers that go from 
T11 to L2, regulate the filling of the urinary bladder 
(Quaile, et al., 2019). Thus, the nerves within the 
cauda equina provide motor and sensory connections 
between the brain and the legs, the pelvis, and the 
urinary bladder.

Subjectively experienced persistent symptoms of the 
cauda equina syndrome may be as follows: numbness 
over the gluteus area, between the upper legs, and over 
the lower abdomen (so called “saddle anesthesia”), 
unpleasant tingling in these same areas, recent onset 
of urinary incontinence or urinary retention, or of 
bowel incontinence, sensory abnormalities in the 
bladder or rectum, sexual dysfunction, severe pain 
in the lower back, and symptoms in lower limbs or 
pelvis such as muscular weakness, numbness, pain, or 
loss of normal reflexes (Spector et al, 2008, Gitelman 
et al 2008, Orendacova 2001, Cernovsky, 2019). In 
the initial stages or in milder forms of the syndrome, 
patients may subjectively feel “asymptomatic at rest, 
but develop pain, weakness, heaviness or tiredness in 
the legs after standing erect or walking” (Goh et al, 
2004, page 243).

The cauda equina syndrome usually involves herniated 
discs or vertebral fractures in the lumbar region at 
levels L5-S1, e.g., due to physical injuries in accidents 
that affect both women and men (Giannini, et al., 
2015). Predisposing factors might include age-related 
degeneration, spinal infections or inflammations, birth 
abnormalities, spinal hemorrhages or other injuries, 
and spinal tumors (Malol et al, 2019). They may 
manifest as a series of urogenital and neuromuscular 
symptoms in the homonym “cauda equina syndrome” 
(Quaile, et al., 2015).

Muh-Shi Lin’s team (2013) reported on two patients 
(male, age 27 and female, age 25) with an acute form 
of cauda equina syndrome with fractures detected 
on CT scan and MRI that required prompt surgical 
intervention (L4–S1 laminectomies with transpedicle 
screws and rod system instrumentation, and removal 
of bone fragments).

Another case was recently described as follows “A 
50 year old lady injured in an MVA 18 months ago still 
reports numerous post-concussive symptoms as well as 
the following symptoms of the cauda equina syndrome: 
numbness in her left leg and in the “saddle area,” severe 
urinary incontinence, instances of moderate loss of 
muscular control over her left leg, and severe tingling 
and some loss of feeling in her left leg. Due to her 
residence in a very remote and medically underserved 
area, a physician treated her symptoms with opiate 
based analgesics which partly obscured some of her 
symptoms and delayed the diagnosis”(Cernovsky, 
2019).

In Canada, post-MVA patients are often evaluated 
by specialized medical psychologists after many 
weeks or even several years following their accident. 
Ideally, such psychological evaluations should be 
based on standardized quantitative measures of the 
typical post-MVA polytraumatic symptom pattern. 
This pattern includes subjectively experienced post-

Discussion and Conclusions: This cauda equina syndrome scale is meant to serve only as a brief screening tool 
for physicians or psychologists to assess subjective reports of persistent mild to moderate symptoms of cauda 
equina syndrome, in order to determine whether referral to a neurologist for expert assessment (e.g., MRI) and 
treatment would be helpful. Correlational studies of the relationship of scores on this screening scale with MRI 
findings and neurological diagnosis are needed. Such studies would help to establish a cutoff threshold score for 
referrals to neurology.
Keywords: cauda equina syndrome, neuropsychology, whiplash syndrome, lumbo-sacral spine 
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concussive symptoms, pain, and pain related insomnia, 
subjectively perceived symptoms of whiplash, PTSD, 
depression, and anxiety. With some patients, it might 
be important in such assessments to include a brief 
screening measure of the subjectively perceived 
persistent signs of the cauda equina syndrome, or of a 
persistent tendency towards that syndrome, to initiate 
referral to neurology. This referral would facilitate an 
expert diagnosis via MRIs of the lumbo-sacral area, 
and other specialized neurological investigations, in 
order to avoid the condition remaining undiagnosed 
and untreated with symptoms worsening in some 
cases due to age related bone loss or exacerbation 
due to new injuries by strenuous physical work or 
accidents. The present study aimed at developing 
such brief screening tool. 

Method
De-identified archival data from the last 2 years on 
67 patients injured in serious MVAs were available. 
They were all from Ontario, Canada, their age ranged 
from 19 to 67 with the average at 38.8 (SD=11.7). The 
sample consisted of 25 men and 42 women. On average, 
their MVA had occurred approximately 42.2 weeks 
ago (SD=29.1). They had all retained a personal injury 
lawyer due to administrative delays with insurance 

compensations. In their MVA, 54 were the drivers, 
12 were passengers, and one rode a motorcycle that 
collided into a car. In 28 cases, the collision involved 
an impact to the side of the vehicle, in 19 to the back of 
the vehicle, and in 18 cases the impact was frontal or 
combined. The majority of the patients (46 of 67, i.e., 
68.7%) had no previous serious MVAs associated with 
injuries, 18 patients (26.9%) had one such previous 
MVA, 2 patients (3.0%) had 2 such prior MVAs, and 
one patient (a long distance trucker) was in 5 previous 
accidents.

All patients were asked if they experienced tingling 
or numbness that extended from the area over the 
buttocks, over the area on or between upper thighs, 
and to the area over the lower belly. They were asked to 
rate the tingling and numbness on a scale from 0=not 
present, 1=no longer present (i.e., if the symptom was 
present only in initial stages of their recovery from the 
MVA, but not any longer), 2=mild, 3=moderate, and 
4=severe. All patients also provided ratings, on the 
same rating scale, of bladder control problems, bowel 
control problems, and problems caused by instances 
of reduced or impaired muscular control over their 
legs: these last 3 items are a part of the Post-MVA 
Neurological Symptoms (PMNS) scale (see Cernovsky 
et al., 2019).

Table1. Patients’ scores on clinical measures

N Minimum Maximum Mean SD
Post-MVA Neurological Symptoms (PMNS) scale 67 0.0 50.0 21.1 11.0
Brief Pain Inventory - worst pain (scale from 0 to 10) 67 4.0 10.0 8.3 1.2
Brief Pain Inventory - least pain (scale from 0 to 10) 67 2.0 9.0 4.4 1.6
Brief Pain Inventory - average pain (scale from 0 to 10) 67 3.0 9.0 6.4 1.3
Insomnia Severity Index 67 15.0 28.0 24.3 3.7
PTSD checklist for DSM5 (PCL-5) 29 34.0 79.0 57.2 13.4
Rivermead Post-Concussion Symptoms scale 67 22.0 63.0 46.9 9.4
Immediate Concussion Symptoms scale 66 1.0 8.0 4.7 1.8
Driving Anxiety Questionnaire 59 43.0 121.0 93.7 21.3
Whetstone Vehicle Anxiety Questionnaire 56 24.0 92.0 65.3 18.0
Automobile Anxiety Inventory 51 9.0 23.5 14.6 2.5

The pain locations were recorded separately for the 
following 4 areas: lower back, gluteus area, hips, upper 
leg/thighs, lower leg, neck, and the head. 

They were also asked to provide separate ratings for 
the tingling and for the numbness in their legs and 
in their gluteus area, with “Yes” scored as 1 and “No” 
scored as 0.

The patients were administered the Brief Pain 
Inventory (Cleeland, 2009), Rivermead Post-
Concussion Symptoms scale (Eyres et al., 2005), the 
Post-MVA Neurological Symptoms scale (Cernovsky et 
al., 2019), Insomnia Severity Index (Morin, 2011), items 
10 to 12 of the Whiplash Disability Index (i.e., items 
to rate depression, anxiety, and anger on a scale from 
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0=no symptom to 10=symptom always present, see 
Pinfold, 2004), the Immediate Concussion Symptoms 
(ICS) scale (Cernovsky et al. 2018), and 3 measures 
of driving anxiety: Whetstone Vehicle Anxiety 
Questionnaire (Whetstone et al, 2020), Steiner’s 
Automobile Anxiety Inventory (Steiner and Cernovsky, 
2020), and the Driving Anxiety Questionnaire (see 
text and psychometric data in Whetstone et al., 2020). 
Clinical files of 29 patients in this sample also included 
the scores on the PTSD checklist for DSM5 (PCL-5), 
see Weathers et al. (2013).

The patients’ scores on these various psychological 
measures are summarized in Table 1.

Results
Frequencies of the Symptoms of Cauda Equina 
Syndrome
The key variables for determination of the tendency 
towards cauda equina syndrome were 

(1) tingling extending over the gluteus, between the 
legs or on upper thighs, and over lower abdomen, 

(2) numbness extending over the gluteus, between the 
legs or on upper thighs, and over lower abdomen,

(3) reduced control over leg muscles, 

(4) impaired control over the urinary bladder, and

(5) impaired bowel control.

This screening scale is reproduced in full in Table 2.

Table2. Screening scale for cauda equine syndrome

Cauda Equina Scale to Determine if a Referral to Neurology is Appropriate 
Symptom 

Absent
=0

Symptom 
No longer 
present =1

Mild 
Symptom

=2

Moderate 
Symptom 

=3

Severe 
Symptom

=4
Tingling extending over the gluteus, between the 
legs or on upper thighs, and over lower abdomen 0 1 2 3 4

Numbness extending over the gluteus, between the 
legs or on upper thighs, and over lower abdomen

0 1 2 3 4

Reduced control over leg muscles 0 1 2 3 4
Impaired control over the urinary bladder 0 1 2 3 4
Impaired bowel control 0 1 2 3 4

The data in Table 3 include the observed frequencies 
(%) for each of these 5 symptom areas, i.e., the 5 key 
variables. 

These five variables were added to form the total 

index of tendency towards cauda equina syndrome. 
The score on that variable theoretically can range 
from 0 to 20. This composite score ranged from 0 to 
20 points, with the average at 4.3 (SD=4.8).

Table3. Frequencies of reported symptoms of cauda equina syndrome in our patient sample (N=67)

Absent
=0

No longer 
present 

=1

Mild
=2

Moderate 
=3

Severe
=4

Average 
score (SD)

Tingling extending over the gluteus, between 
the legs or on upper thighs, and over lower 
abdomen

76.1% 6.0% 1.5% 7.5% 9.0% 0.7 (1.4)

Numbness extending over the gluteus, 
between the legs or on upper thighs, and over 
lower abdomen

80.6% 3.0% 3.0% 6.0% 3.0% 0.6 (1.2)

Reduced control over leg muscles 44.8% 3.0% 26.9% 17.9% 7.5% 1.4 (1.4)
Impaired control over the urinary bladder 62.7% 7.5% 11.9% 9.0% 9.0% 0.9 (1.4)
Impaired bowel control 76.1% 3.0% 6.0% 10.4% 4.5% 0.6 (1.2)
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Thus, moderate to severe tingling extending over the 
gluteus, between the legs or on upper thighs, and over 
lower abdomen was reported by 16.5%, moderate to 
severe numbness extending over this same area by 
9.0%, moderately to severely reduced control over leg 
muscles by 25.4%, moderately to severely impaired 
bladder control by 18.0%, and moderately to severely 
impaired bowel control by 14.9%. These 5 symptoms 
were examined in quantitative assessments of 
prodromal signs of the cauda equina syndrome in the 
present study. 

Locations of Pain, Tingling, and Numbness

The proportions of patients reporting pain in the 
following areas were: lower back (79.1%), hips 
(86.6%), gluteus (23.9%), upper leg/thighs (31.3%), 
knees (38.8%), lower leg (32.8%). The other patients 
reported absence of pain in these areas.

Tingling in leg or legs was reported by 50.7% of the 
patients, tingling over gluteus by 31.3%, numbness 
in leg or legs was reported by 47.8% of the patients, 

and numbness over gluteus by 25.4%. However, as 
shown in Table 3, only less than 20% of patients still 
experienced, since their accident, tingling or numbness 
that was actively spread over all of the following areas, 
including the gluteus, between the legs or on upper 
thighs, and over lower abdomen. 

Statistical Properties of the Cauda Equina 
Syndrome Index

As already explained, the index was calculated by 
adding 5 variables: 1) tingling extending over the 
gluteus, between the legs or on upper thighs, and over 
lower abdomen, (2) numbness extending over the 
gluteus, between the legs or on upper thighs, and over 
lower abdomen, (3) reduced control over leg muscles, 
(4) impaired control over the urinary bladder, and (5) 
impaired bowel control.

The Cronbach alpha coefficient of internal consistency 
of this 5 item scale was 0.77, i.e., satisfactory. Other 
properties of the scale are summarized in Table 4.

Table4. Item to scale relationships

Cronbach’s Alpha if 
Item Deleted

Corrected Item-
Total Correlation

Scale Mean if 
Item Deleted

Scale Variance if 
Item Deleted

Tingling in cauda area .72 .59 3.5 15.1
Numbness in cauda area .70 .64 3.7 15.6
Reduced leg control .73 .56 2.9 15.3
Impaired bladder control .77 .43 3.3 16.6
Impaired bowel control .74 .53 3.6 16.5

The intercorrelations of the 5 items are reported in Table 5.

Table5. Intercorrelations of items of cauda equina syndrome scale

Tingling Numbness Leg control Bladder control Bowel control
Tingling .87 .48 .16 .27
Numbness .87 .47 .17 .35
Leg control .48 .47 .38 .34
Bladder control .16 .17 .38 .64
Bowel control .27 .35 .34 .64

All of these correlations are significant at p<.05 
(1-tailed), except for those of bladder control to 
numbness or tingling over the entire area of cauda 
equina (impaired bladder control could, of course, 
have also other etiologies than those involved in cauda 
equina syndrome). 

Convergent Validity of the Cauda Equina 
Syndrome Scale
Theoretically, the likelihood of cauda equina syndrome 
increases with severity and intensity of the impact 
of the vehicular collision. This also symmetrically 
increases with the number and intensity of reported 
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post-concussive and whiplash symptoms, as well as 
with an increase in reported post-MVA pain.

Since persistent pain causes insomnia and these 
two factors are then likely to jointly contribute to 

perpetuation of symptoms of generalized anxiety, 
depression, anger/irritability, PTSD, and driving 
anxiety, these correlations are also calculated and are 
listed in Table 6.

Table6. Correlations of the cauda equina syndrome scale to other post-MVA symptoms

Pearson correlation 
P values at p<.05 

(1-tailed)

Spearman’s rho
P values at p<.05 

(1-tailed)
Subjective symptoms of whiplash (scores on the PMNS scale) .81, p<.001 .77, p<.001
Subjective symptoms of whiplash (scores on the PMNS scale), but 
without the following items: leg, bladder, and bowel control (these 3 
items are also part of the cauda equina syndrome scale) .69, p<.001 .63, p<.001

Rivermead Post-Concussion Symptoms scale .40, p<.001 .39, p=.001

Immediate Concussion Symptoms (ICS) scale .01, not significant .02,
not significant

Loss of Consciousness (LOC) at the time of the collision -.06,
not significant

-.03, not 
significant

Insomnia Severity Index (ISI) .43, p<.001 .42, p<.001
Brief Pain Inventory (BPI) - worst pain rating .34, p=.002 .35, p=.002
Brief Pain Inventory (BPI) – least pain rating .33, p=.003 .37, p=.001
Brief Pain Inventory (BPI) – average pain rating .42, p<.001 .46, p<.001
Depression rating (item 10 of the Whiplash Disability Questionnaire) .33, p=.003 .33, p=.003
Anger rating (item 11 of the Whiplash Disability Questionnaire) .29, p=.009 .27, p=.015

Anxiety rating (item 12 of the Whiplash Disability Questionnaire) .18, 
not significant

.19,
not significant

Age (in years) .01,
not significant

.06,
not significant

Gender -.04,
not significant

.02,
not significant

N of weeks since the accident -.09,
not significant

-.05,
not significant

N of prior serious MVAs .13,
not significant

.21, 
p=.047

Automobile Anxiety Inventory, authored by Leo Steiner (N=51) .14,
not significant

.15
not significant

Whetstone Vehicle Anxiety Questionnaire, authored by James 
Whetstone (N=56) .37, p=.003 .34, p=.006

Driving Anxiety Questionnaire (N=59) .33, p=.006 .28, p=.016
PTSD checklist for DSM5 (PCL-5) – data from only 29 patients .49, p=.003 .32, p=.048

Since some experts prefer parametric and some 
recommend nonparametric correlations, we 
calculated both the Pearson r and Spearman’s rho: our 
results with these two correlational statistics are very 
similar. 

Convergent validity of the 5 item cauda equina 
syndrome scale is supported by its significantly high 

correlation to whiplash symptoms, as subjectively 
perceived and reported by the patients (PMNS 
scores, see Cernovsky et al., 2019). The correlations 
remained high and significant even after the 3 items 
common to the whiplash symptoms scale (PMNS) and 
to cauda equina syndrome scale were removed from 
the PMNS. 
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Convergent validity is also supported by significant 
positive correlations of the cauda equina syndrome 
scale to ratings of pain, insomnia (ISI), post-concussive 
symptoms (Rivermead scale), to ratings of post-
accident depression and anger, lingering symptoms 
of PTSD (scores on PCL-5), and scores on the Driving 
Anxiety Questionnaire and on Whetstone Vehicle 
Anxiety Questionnaire.

The scores on the cauda equina syndrome scale were 
unrelated to gender. No significant relationship was 
noted to age, however, the highest age in this group of 
patients was only 67. The results could be different if 
re-evaluated on a group of much older persons. 

The scores for cauda equina syndrome were not 
significantly correlated to the number of weeks since 
the accident. Our sample consisted only of patients who 
still suffered from intense post-accident symptoms. 
No significant correlation was present to the number 
of prior serious MVAs when calculated with Pearson r 
(r=.13, p>.05); the corresponding Spearman’s rho was 
very low and barely met the criterion of significance 
(.21, p=.047). 

The cauda equina syndrome scores were not 
significantly correlated to the self-ratings of 

generalized anxiety: the correlation coefficient was in 
the expected direction, but was too low to reach the 
significance level of p<.05, 1-tailed.

The cauda equina syndrome scores were not 
significantly correlated to the retrospective ratings, 
by the patients, of their immediate symptoms of 
concussion at the time of the accident (ICS scale 
scores), and they were also unrelated to the patients’ 
reports of loss of consciousness (LOC) during the MVA, 
perhaps due to the excessive length of time elapsed 
since the accident during which time other factors 
might have influenced the level of each patient’s 
physical recovery.

The cauda equina syndrome scores were also 
unrelated to driving anxiety scores as assessed by 
Steiner’s questionnaire, perhaps because it consists 
mainly of items that compare past levels to current 
levels of fear of driving.

Correlations to Reports of Pain in Specific 
Locations

These correlations are summarized in Table 7. Only 
correlations > .20 are significant at p<.05, 1-tailed.

Table7. Correlations among pain locations

Cauda Equina Syndrome Scale low back hips upper leg gluteus lower leg knees
low back .39 .26 .19 .29 .13 .18

hips .32 .26 .45 .56 .36 .31
upper leg .27 .19 .45 .45 .35 .32

gluteus .09 .29 .56 .45 .21 .20
lower leg .40 .13 .36 .35 .21 .42

knees .31 .18 .31 .32 .20 .42
upper back .05 .10 .00 -.03 .02 -.08 -.07
shoulders -.01 .12 -.05 -.02 .12 .09 .13

neck .01 .20 -.10 -.08 .04 .03 -.01
head -.03 .13 -.12 .07 .03 -.04 .11

The correlation matrix suggests that, in this sample of 
patients, pain over the gluteus seems less important 
in the syndrome of cauda equina. The pain in the 
lower back is correlated as a cluster with pain in the 
legs (upper, lower, or knees) and hips. The pain over 
gluteus is correlated mainly with hip pain and upper 
leg pain.

Pain in the upper back, shoulders, neck, and headaches 
might form another correlational cluster relatively 
independent of the one associated with lower back 

pain. For example, headaches correlated significantly 
with neck pain (r=.52), shoulder pain (r=.39) and 
upper back pain (r=.21).

Discussion
The cauda equina syndrome can vary in severity, 
scope, development, and incipient history. Our 5 item 
screening scale for cauda equina syndrome shows 
adequate psychometric characteristics and satisfactory 
convergent validity. Our scale is not intended or 
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suitable to provide a neurological diagnosis of cauda 
equina syndrome. Some neurosurgeons reserve such a 
neurological diagnosis only for cases requiring prompt 
or timely surgical intervention. Our scale only detects 
and evaluates the prodromal signs, with the objective 
of early prevention of the development of acute and 
more severe cauda equina syndrome and facilitating 
future research. It can be administered by family 
physicians, medical psychologists, or other medical 
specialists as a screening test for related persistent 
symptoms and as a first step toward requesting lumbo-
sacral MRIs or referral to a specialized neurologist for 
further neurological investigation and therapy. 

Statistical comparisons of scores on our screening 
scale to MRI results and to results of other neurological 
investigations are much needed. 

Pain is an important warning signal for the patient 
to avoid strenuous activities. When patients with 
injuries to lumbosacral spine (i.e., those who may also 
experience signs of the cauda equina syndrome) are 
prescribed opiate analgesics to reduce pain, some 
of such pain de-sensitized patients might seriously 
exacerbate their existing neurological injuries 
through excessive physical chores. Opiate analgesics 
may obscure important diagnostic cues and delay 
the diagnosis and as well as early therapeutic 
management.

Conclusions
Our statistics confirm the presence of adequate 
psychometric characteristics and satisfactory 
convergent validity of the screening scale for persistent 
symptoms of the cauda equina syndrome. This scale 
may be considered as a brief preliminary diagnostic 
screening tool for post-accident patients by family 
physicians, medical specialists, or by specialized 
medical psychologists, to precede a referral for 
extensive neurological investigations, such as lumbo-
sacral MRIs and other diagnostic procedures. 
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