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ABSTRACT
Background: Low back pain is a common problem in patients visiting orthopedics clinics. Around 80% normal population 
experience low back pain, among those 15 percent have neurological back pain due to lumbar disc herniation. This study 
aims to associate clinical signs with X-rays and other radiological parameters. 
Methods: Fifty patients with low back pain, radiating to the leg who presented between January 2019 to June 2020 were 
included. The correlation was done between the straight-leg raise test with transverse intervertebral foraminal diameter 
in flexion X-ray of the lumbar spine and with the type of disc herniation and percentage of canal compromise in magnetic 
resonance imaging. 
Results: A significant correlation was found between the straight-leg raise test and  transverse intervertebral foraminal 
diameter R2 = 0.40 and between the straight-leg raise test and type of lumbar disc herniation (p=0.003) but` no correlation 
found between straight-leg raise test and percentage of canal compromise (p=>0.05)
Conclusion: Clinical parameter straight-leg raise test correlates with transverse intervertebral foraminal diameter in 
flexion radiograph. The Straight-leg raise test relates to the type of lumbar disc herniation but not the percentage of canal 
compromise after lumbar disc herniation.
Keywords: Lumbar disc herniation; Magnetic resonance imaging; Transverse Intervertebral Foramen; Straight-leg raise 
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 INTRODUCTION
Low back pain is 80 % common among orthopedic 
clinic patients, with 15 % being lumbar disc herniation.1  
Herniation involves focal disc material displacement beyond 
intervertebral disc space limits. It manifests the degenerative 
cascade, resulting from failure due to hoop stress to contain 
the nucleus into the annulus, and advanced imaging 
has recognized them in symptomatic and asymptomatic 
individuals. 2–6

The intervertebral foramen is bounded by disc and facet 
anteriorly and posteriorly. The spinal canal is divided 
longitudinally into central, lateral recess, foraminal, and 
extraforaminal, and horizontally moving from center to the 
right into central, right central, right subarticular, and right 
foraminal or right extraforaminal. 5 

Straight leg raising sign (SLRT), is 77 % sensitive in 
diagnosing lumbar disc herniation.7 Straight leg raising 

causes distal sliding of the spinal cord with its nerve roots. 8 
SLRT stretches sciatic nerve and correlates with foraminal 
vertical diameter (FVD) and transverse diameter (FTD).  FTD 
is narrow compared to FVD, and likely causes compression 
to exiting nerve root.9–11This study aims to associate clinical 
signs with X-rays and other radiological parameters.

METHODS
This was a Cross-sectional study conducted at the 
department of Orthopedic Surgery and Department of 
Radiology, Kathmandu Medical College, Teaching Hospital, 
between January 1, 2019, and June 31, 2020. Ethical 
approval was obtained from the IRC of KMC, and all the 
patients who consented to the study were taken as subjects. 
Inclusion criteria were Age 20-55 years12 , Radicular pain 
in one of both lower limbs, Positive Straight leg raise 
test (SLRT), and patients who gave consent. Exclusion 
criteria were Back surgery, Any psychiatric illness, Major 
medical comorbidities such as TB, Malignancy, DM, Renal 
dysfunction, any Neurological conditions, and Patient with 
hip pain.  
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The sample size was calculated using the following 
formula:
Z2 p (1-p)/d2

Z- Z value at 95% confidence interval, the value is 1.96
P- Percentage of lumbar disc herniation (p=15)
Q- (1-P)
d- Allowable error (10%)
Sample size = 50
Statistical analysis
Pearson correlation was used to correlate SLRT with
TFD and SLRT with % of canal compromise. An unpaired
t-test was used to correlate SLRT and Type of lumbar disc
herniation. SPSS was used for data analysis.

The patients with back pain radiating to either leg and 
consented to a study with an MRI of the lumbosacral spine 
were recruited from the OPD. Following this demographic 
variables were noted along with a short history and the 
side of radiation was noted. The T2 weighted Image of the 
axial section of the involved segment in MRI was captured 
using a camera. 

After properly explaining the procedure, a straight leg raise 
test was performed and measured. Before the procedure, 
patients were asked whether they had a history of hip pain 
and difficulty flexing the hip normally. The patients who did 
not have pain and restriction of hip movement were taken 
as study subjects. Patients were placed on a firm bed with 
their necks slightly extended. Patients were asked to let 
loose the lower limb on the examiner’s hands with one 
hand over the front of the thigh and another holding the 
leg. The patient, leg was raised above the bed gently to 
the point where the patient experienced pain which they 
used to experience i.e. pain in the lower back and radiated 
to the foot was regarded as positive. The degree to which 
the leg was raised was noted. Regarding the genuineness, 
patients were asked to sit in bed under the pretext of 
examining the back from behind. The patients who fell 
back on the couch with the pain or flexed the knee were 
considered to have genuine pain due to SLRT.13

After doing SLRT patients were sent for the flexion X-ray of 
the lumbar spine standing. Before that patients were asked 
regarding any difficulties in flexing the spine. Those who 
could flex the hip spine (forward bend) were asked for an 
X-ray.
While taking the X-rays radiographers were instructed to
maintain an affixed distance between the X-ray tube and
the cartridge of 110 cm with the patient standing close
to the cartridge and with breath held in expiration. The
exposure was determined according to the body mass of
the patient.
A sagittal MRI image confirmed the transverse intervertebral
foramen(FTD). Following confirmation transverse
intervertebral foramen was measured from the posterior
margin of the superior vertebra and the anterior surface
of the superior articular process of the inferior vertebra.
The transverse intervertebral foramina was measured in
a Digital image and communications in medicine (DICOM)
image from the computer using pre-installed software
Carestream of the X-ray machine. (Figure 1)
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Figure 1: Measurement of the FTD in flexion X-ray

Three measurements of transverse intervertebral foramen 
were taken after the average of 5 measurements as the 
final reading. The DICOM image, measurement, and X-ray 
recording were saved in a specified folder on the computer.
The T2 weighted image of the patient taken earlier was 
matched and saved in specified folders respectively. 
In the axial section of the MRI the type of lumbar disc 
herniation, whether central or Para central was recorded and 
noted. 

 The % of canal compromise was calculated by measuring the 
decrease in dural sac area due to herniation (Figure 2). It was 
measured at the level of lumbar disc herniation in T2 weighted 
axial images. The area measurements were made after 
properly calibrating the image fed to image J and the edge of 
herniation and bony canal was marked using a mouse pointer. 
The percentage of canal compromise was measured.14,15

Figure 2: Measurement of the percentage of canal compromise using 
Image

 RESULTS
A total of 50 patients were taken in the study 32 male and 18 
female. The age range was from 24 to 55 years. Most common 
site of disc herniation was at L4/L5 54% followed by L5/S1 
42% and L3/L4 4 %. SLRT ranged from 30 to 90 degrees. The 
mean intervertebral diameter was 5mm and ranged from 4 to 
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 DISCUSSION
The transverse intervertebral foramen diameter in our 
study group ranged from 4.0mm to 7.1 mm which must be 
pathological. MI Yusof et al, found the normal transverse 
intervertebral foramen diameter in a Caucasian population 
in the lumbar region ranges from 7.4 mm to 8.1 mm both 
right and left.11  
A slight change in the Transverse foramen diameter leads 
to pain along the distribution of the nerve because the 
intervertebral foramen bounded by pedicles above and 
below accounts 6 times the nerve root diameter as stated by 
LA Hadley et al.16  
The current study correlates between the SLRT and the 
FTD because the bony architecture is one of the important 
factors along with nerve root compression and tension over 
nerve roots is required for positive SLRT. B Jönsson et al, 
mentioned the affection of the nerve root with the bony 
stenosis rather than the disc herniation alone with positive 
SLRT.12 
SLRT correlates more with paracentral lumbar disc 
herniation, i.e., relatable with the study by B Jönsson et 
al, where the vast majority of patients had paracentral disc 
herniation for SLRT being positive.12 Also in a study by J 
Majlesi et al, SLRT correlates with paracentral lumbar disc 
herniation because the paracentral disc is closer to the nerve 
root, and compression of the nerve root is possible because 
of its proximity to the nerve.17

No correlation was found between SLRT and the Percentage 
of canal compromise, the percentage of canal compromise 
ranged from 6% to 19% in our study. Ul  Thelander et 
al, in their study of the correlation of the SLRT with the 
morphology of the lumbar disc hernias and the spinal canal, 
postulated that there was no significant relation between 
clinical test with the type of disc herniation and canal size. 
Although the decrease in the size of the hernia was related 
to the improvement of the symptom and a relative increase 
in the SLRT, no significant correlation was found between 
the decrease in the size of the hernia in the canal and the 
SLRT.10 
We were unable to correlate the SLRT with the % of canal 
compromise, this might be because the content of the 
hernia could migrate below or above the level of foramen 
before compression of the nerve root, the patient had not 
presented acutely because of which the herniated lumbar 
disc had already gone towards resolution. As S Kobayashi et 
al, described periradicular adhesion around the lumbar disc 
herniation such as nucleolus pulposus, change in vascular 
permeability, vasodilation followed by adhesion, and the 
degranulation of the mast cell with the release of histamine 
and other cellular processes increases susceptibility towards 
the nerve root compression.18.   

 CONCLUSION
The clinical parameter SLRT is related to the radiological 
parameter transverse intervertebral foramen diameter in the 
Flexion radiograph. SLRT is also related to the type of lumbar 
disc herniation in MRI but not to the % of canal compromise 
that occurs after the disc has been herniated.

7.1 mm. The mean percentage of spinal canal compromise 
was 10% and ranged from 3% to 19%.

Correlation of SLRT and FTD
A moderate positive correlation was found between SLRT 
and FTD.

Figure 3. Shows the correlation curve, with scatter plot  between 
SLRT and Foramen diameter where R2 

= 0.40 which means there is a 
correlation between SLRT and TFD

Correlation between the SLRT and type of lumbar disc 
herniation
A moderate correlation between the SLRT and the paracentral 
Type of lumbar disc herniation was seen using an unpaired 
t-test  and was statistically significant with a p-value of 0.003.

Correlation between the SLRT and % of canal 
compromise 
No correlation was found between the SLRT and % of canal 
compromise shown

Figure 4: Showing correlation between SLRT and % of canal 
compromise.
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