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ABSTRACT
Background: Spinal stenosis is defined as the narrowing of central spinal canal or its lateral recesses. Stenosis
of spinal canal becomes important only when it results in interference with the normal functions of the contents
of the canal. Narrowing of spinal canal seems to be a normal part of advancing age but certain uncertainties
persist as regards to radiological definition of lumbar spinal canal stenosis.
Material & Method: The present study was aimed to evaluate the clinical relevance of stenosis of spinal canal
through the most recent technique, MRI. Fifty symptomatic and 18 asymptomatic subjects were included.
Antero-posterior and transverse diameters of vertebral canal were compared between symptomatic and
asymptomatic subjects and statistically analyzed.
Results & Discussion: The present study clearly shows that in both symptomatic and asymptomatic subjects
there is a gradual decrease in the antero-posterior diameter from above downwards . The minimum anteroposterior and maximum transverse diameter was seen at L4L5 level making this level susceptible to compressive
symptomatology. Apparent stenosis was observed in some asymptomatic subjects.
Conclusion: Radiological evaluation alone is not sufficient to define lumbar spinal canal stenosis.
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INTRODUCTION
The normal bony anatomy of spinal canal
consists of a series of intraosseous and
interosseous segments. The intraosseous
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segment has a completely enclosed central
spinal canal, the vertebral body, pedicles and
laminae forming the bony ring and interosseous
segment has an incomplete bony ring, the
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posterior margin of the central spinal canal being
formed by ligamentum flavum and laterally by
intervertebral foramina. Any one or more of the
following conditions namely, narrowing of the
central spinal canal, narrowing of the lateral
recess and narrowing of the neural foramen
can be termed as the lumbar spinal canal
stenosis (LSS) [1,2]. The concept of LSS has been
known since Verbiest’s, report on idiopathic
developmental stenosis in French [3], Dutch [4],
and in English populations [5]. LSS is most
commonly classified as either primary, caused
by congenital abnormalities or secondary
(acquired) resulting from degenerative changes,
local infection, trauma or surgery [6,7].
Patients with LSS complain of low back pain,
lower extremity pain and/or numbness, and
neurogenic intermittent claudication. Although
the incidence and prevalence of symptomatic
LSS have not been established, LSS is the most
frequent indication for spinal surgery in the
lumbar region in patients older than 65 years
[8, 9]. Degenerative LSS anatomically involves
the central canal, lateral recess, neural foramina
or any combination of these locations. Decrease
in the antero-posterior, transverse or combined
diameter of central canal leads to its stenosis.
Various anatomical and radiological measurements of lumbar spinal canal have been used to
define the LSS and to correlate the symptoms of
LSS with the extent of reduction in the
dimensions of the canal. There is poor correlation

of extent of narrowing of the canal with the
severity of the symptoms and even severe
anatomical spinal stenosis may be present in
completely asymptomatic patients [10,11].
There is no generally accepted “gold standard”
for the diagnosis of LSS [12,13]. Magnetic
resonance imaging (MRI) still remains the
imaging modality of choice for assessment of
LSS. The present MRI study was undertaken to
evaluate the antero-posterior and transverse
diameters of the lumbar spinal canal at the level
of intervertebral discs in both symptomatic and
asymptomatic patients and to correlate the
presence of stenosis with clinical symptoms.
MATERIALS AND METHODS
The present study was carried out in the
Department of anatomy in collaboration with the
Department of Radio-diagnosis and NMC-Sky
Imaging Centre, LLRM Medical College, Meerut
during the session 2008-2009. The study is
longitudinal comparative type with 68 cases,
both symptomatic and asymptomatic, enrolled
randomly coming with the referral from the
Neurosurgery and Orthopedic departments to
Radiodiagnostic Centre for MRI of lumbosacral
region. Out of total 68 cases, 50 were
symptomatic having complaints suggestive of
spinal cord/spinal nerve compression, rest 18
cases were asymptomatic cases included in the
study for comparison.

Fig. 1: Axial T2 weighted images at intervertebral disc level (L1-L2, L2-L3, L3-L4 and L4-L5 discs) to show the
measurements of antero-posterior and transverse diameter of lumbar vertebral canal in a symptomatic patient.
The level of axial image is shown in the reference T2 W sagittal image.
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Fig. 2: Axial T2 weighted images at intervertebral disc level to show the measurements of antero-posterior and
transverse diameter of lumbar vertebral canal in an asymptomatic patient.

Exclusion criteria: (1) Lumbar vertebral fracture
(2) vertebral abnormalities (3) previous spinal
surgery (4) Spinal tumours (5) Pott’s spine (6)
Paget’s disease (7) gross spinal pathology.
A detailed history was recorded and examination
of every case was also done. Questions were
put up regarding the complaints of backache,
leg pain, muscular weakness, site and radiation
of pain, aggravating or relieving factors, bladder
and parasympathetic disturbances and duration
of the symptoms. The MRI machine of 1.5 Tesla
of G.G. Company with LCD projector was used
to measure vertebral canal by antero-posterior
diameter and transverse diameter at disc level
of each lumbar level in axial T2 weighted
images. The antero-posterior diameter of the
central canal was measured as the midsagittal
distance between the posterior border of the
vertebra and the lamina posteriorly. The
maximum transverse diameter of the canal was
also measured. (Figure-1,2). The data was
statistically analyzed using unpaired ‘t’ test with
Welch correction.

consequences of local infection, trauma or
surgery [6,7,14]. Despite the previously
mentioned seemingly clear definition of LSS, a
thorough review of the literature reveals
noticeable uncertainties concerning diagnosis
and treatment of LSS [15-17]. Magnetic
resonance imaging (MRI) has become the
imaging modality of choice for lumbar spinal
canal stenosis (LSS) due to limitations and
radiation risks of computed tomography (CT) and
spinal radiography [18]. Central canal stenosis
may result from a decrease in the anteroposterior, transverse or combined diameter
secondary to loss of disc height with or without
bulging of the intervertebral disc [17] and to
exclude the defects of intervertebral disc,
measurements were done at the disc level. In
present study antero-posterior diameter
observed in asymptomatic patients at L1-L2 level
was 17.50 ± 0.25 mm which continuously
decreased to 14.00 ± 0.42 mm at L4-L5 level.
(Table-1) The corresponding values in
symptomatic patients were 14.90 ± 0.26 mm and
12.76 ± 0.24 mm respectively. On comparison
RESULTS AND DISCUSSION
of antero-posterior diameter of symptomatic
Lumbar spinal stenosis (LSS) is most commonly with asymptomatic cases it was noted that the
classified as either primary, caused by congenital values were statistically more significant at
abnormalities or secondary (acquired stenosis) L1-L2 and L2-L3 levels only. These observations
resulting from degenerative changes or as of asymptomatic patients were very similar to
Int J Anat Res 2015, 3(4):1615-19. ISSN 2321-4287
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Elhassan et al who observed the longest mean
AP diameter at L1 (17.5 ± 2.0 mm in males and
18.1 ± 2.7 mm in females) and the shortest at
S1 (15.9 ± 3.2 mm in males and 15.4 ± 3.2 mm
in females) in normal Sudanian population [19].

showed a gradual increase from L1-L2 level
to L4L5 level in both symptomatic and
asymptomatic subjects (Table- 2). Maximum
values are found at L4L5 level in both
symptomatic and asymptomatic subjects. This
Table 1: Comparison of Anteroposterior Diameter (in mm) is in contrast to antero-posterior diameter
of Lumbar Vertebral Canal in Symptomatic and Asymp- which gradually decreased. Transverse diameter
tomatic Subjects.
of symptomatic and asymptomatic subjects
when compared was statistically significant at
Anteroposterior Diameter in mm
(Mean ± SEM)
all levels except L1L2 with a high significance at
Level
p value
Asymptomatic cases
L3L4 level. This observation correlated well with
Symptomatic cases (n=50)
(n=18)
the study of Rama Devi and Rajagopalan [24]
L1-L2
14.90 ± 0.26***
17.50 ± 0.25
0.0001
who have stated that there is gradual increase
L2-L3
14.98 ± 0.25 ***
17.11 ± 0.28
0.0001
in transverse diameter from L1 to L5.
L3-L4
14.22 ± 0.29 **
15.78 ± 0.35
0.004
It is obvious that the dimensions of the central
L4-L5
12.76 ± 0.24 *
14.00 ± 0.42
0.01
canal changes with levels and hence LSS can be
Significance: * Mild, ** Moderate, *** High
segmental affecting single or multiple segments
NS = Nonsignificant; SEM = Standard Error of Mean
Table 2: Comparison of Transverse Diameter of Lumbar [26]. There is lack of consensus about the lowerVertebral Canal (in mm) in Symptomatic and limit cutoff value to define spinal stenosis and
Asymptomatic Subjects.
different authors use antero-posterior diameter
values ranging from 9 mm to 12 mm to define
Transverse Diameter in mm
LSS [26-29]. Moreover our study and many
(Mean ± SEM)
Level
p value
others have indicated that many patients
Symptomatic cases Asymptomatic cases
showing radiological evidence of LSS have no
(n=50)
(n=18)
signs or symptoms and those showing clinical
L1-L2
21.00 ± 0.27
0.43
20.56 ± 0.32NS
symptoms have normal lumbar spinal canal.
L2-L3
20.30 ± 0.34*
21.72 ± 0.28
0.01
L3-L4

20.18 ± 0.36***

22.56 ± 0.20

0.0003

L4-L5

21.70 ± 0.45**

23.94 ± 0.29

0.004

Significance: * Mild, ** Moderate, *** High
NS = Non-significant; SEM = Standard Error of Mean

CONCLUSION
Lumbar canal stenosis of degenerative type
may present with few symptoms or with
significant disability . Some time even severe
anatomical spinal stenosis may be present in
asymptomatic patients but most of the time it
correlates with the dimensions of spinal canal.
MRI measurement of lumbar canal is sensitive
tool without radiation hazard and with high
sensitivity to find out real dimensions of lumbar
canal at different levels and it can also be used
to establish a standard value of parameter
which can differentiate between symptomatic
and asymptomatic persons.

At L 4 L 5 level our values correlated with
previous study of Hinck et al [20] and Larson
and Smith [21] who stated that APD of 12-13
mm is to be considered as narrow and with
Anderson et al [22] who stated that APD <14
mm is a risk factor. Observation that APD in
asymptomatic subject decreases from L1L2 to
L4L5 was similar to observation of Janjua and
Muhammad [23], Rama Devi and Rajagopalan
[24]. Tong et al studied asymptomatic subjects
of greater than 55 year old by MRI and found
that mean osseous spinal canal diameter
gradually decreased from 20.4 mm at L1-2 level Conflicts of Interests: None
to 16.00 mm at L5-S1 which also supports our
observations [25]. They also suggested that REFERENCES
the lower-limit cutoff for the osseous spinal
canal diameter should be 10.7 and 11.9 mm [1]. Geisser ME, Haig AJ, Tong HC, Yamakawa KS, Quint
DJ, Hoff JT, et al.Spinal canal size and clinical
to achieve 95 % and 90% specificities.
symptoms among persons diagnosed with lumbar
spinal stenosis. Clin J Pain 2007;23:780-5.
Transverse diameter of the central canal
Int J Anat Res 2015, 3(4):1615-19. ISSN 2321-4287

1618

Indra Kumar et al. EVALUATION OF LUMBAR VERTEBRAL CANAL AT DISC LEVEL IN SYMPTOMATIC AND ASYMPTOMATIC SUBJECTS: A
RADIOLOGICAL EVALUATION.

[2]. Singh K, Samartzis D, Vaccaro AR, Nassr A, Andersson
GB,Yoon ST, et al. Congenital lumbar spinal
stenosis: A prospective,control-matched, cohort
radiographic analysis. Spine J 2005;5:615-22.
[3]. Verbiest H. Sur certaines formes rares de
compression de la queu de cheval. In: Hommage a
Clovis Vincent. Paris: Maloine. 1949:161-174
[4]. Verbiest H. Primaire stenose van het lumbale
wervelkanaal bij olwassenen. Ned T Geneesk
1950;94: 2415-2433
[5]. Verbiest H. A radicular syndrome from developmental narrowing of the lumbar vertebral canal. J Bone
Joint Surg 1954;36B:230-237
[6]. Arnoldi CC, Brodsky AE, Cauchoix J, Crock HV,
Dommisse GF, Edgar MA, Gargano FP, Jacobson RE,
Kirkaldy-Willis WH, Kurihara A, Langenskiöld A,
Macnab I, McIvor GW,Newman PH, Paine KW,
Russin LA, Sheldon J, Tile M, Urist MR, Wilson WE,
Wiltse LL. Lumbar spinal stenosis and nerve root
entrapment syndromes. Definition and
classification. Clin Orthop Relat Res 1976;115:4-5
[7]. Andreisek G ,Holder J, Steurer J. Uncertainties in the
Diagnosisof Lumbar Spinal Stenosis, Radiology
2011;261:681-684
[8]. Katz JN , Harris MB . Clinical practice: lumbar spinal
stenosis . N Engl J Med 2008;358(8):818-825.
[9]. Deyo RA , Gray DT , Kreuter W , Mirza S ,Martin BI .
United States trends in lumbar fusion surgery for
degenerative conditions .Spine (Phila Pa 1976)
2005;30(12):1441-1445. .
[10]. De Schepper EL, Overdewest GM, Suri P, Peul WC,
Oei EH, Koes BW, Beirma-Zeinstra SM, Luijsterburg
PA. Diagnosis of lumbar spinal stenosis: an
updated systematic review of the accuracy of
diagnostic tests. Spine (Phila Pa 1976).
2013;38(8):E469-481.
[11]. De Graaf I, Prak A, Bierma-Zeinstra S, Thomas S, Peul
W, Koes B. Diagnosis of lumbar spinal stenosis: a
systematic review of the diagnostic tests. Spine
(Phila Pa 1976). 2006;31(10):1168-1176.
[12]. Genevay S, Atlas SJ. Lumbar spinal stenosis. Best
Pract Res Clin Rheumatol. 2010;24(2):253-265.
[13]. Steurer J, Roner S, Graant R, Holder J. Quantitative
radiologic criteria for the diagnosis of lumbar
spinal stenosis: a systematic literature review. BMC
Musculoskeletal Disorders. 2011;12:175.
[14]. Ciricillo SF, Weinstein PR. Lumbar spinal stenosis.
West J Med 1993;158(2):171-177.
[15]. Niggemeyer O , Strauss JM , Schulitz KP .Comparison
of surgical procedures for degenerative lumbar
spinal stenosis: a metaanalysis of the literature
from 1975 to 1995 .Eur Spine J 1997;6(6):423-429.
[16]. Allen RT, Rihn JA , Glassman SD, Currier B, Albert TJ,
Phillips FM . An evidence-based approach to spine
surgery . Am J Med Qual 2009; 24 (6 Suppl):15S-24S

[17]. Genevay S , Atlas SJ , Katz JN . Variation in eligibility
criteria from studies of radiculopathy due to a
herniated disc and of neurogenic claudication due
to lumbar spinal stenosis: a structured literature
review. Spine (Phila Pa 1976) 2010;35(7):803-811.
[18]. Pawar I, Kohli S, Dalal V, Kumar V,Narang S, Singhal
A. Magnetic resonance imaging in the diagnosis of
lumbar canal stenosis in Indian patients. J Orthop
Allied Sci 2014;2:3.
[19]. Elhassan YM, Ali QM, Ahmed AO. Sagittal diameter
of the lumbosacral spinal canal in normal
(asymptomatic) adult Sudanese population 2014.
Sudan Med Monit 2014;9:153-8.
[20]. Hinck VC, Hopkins CE, Clark WM. Sagittal diameter
of the lumbar spinal canal in children and adults.
Radiology 1965;85:929.
[21]. Larsen JL, Smith D. Size of the subarachnoid space
in stenosis of lumbar canal. Acta Radiol (Diagn)
[Stockh] 1980;62:78.
[22]. Anderson DJ, Adcock DF, Chovil AC, Farrell JJ.
Ultrasound lumbar canal measurement in hospital
employees with back pain. Brit J Industrial Med
1988;45:552-55.
[23]. Janjua MZ, Muhammad F. Measurements of the
normal adult lumbar spinal canal. J Pak Med Assoc
1989;39(10):264-68.
[24].Rama Devi, Rajagopalan N. Dimensions of the
lumbar vertebral canal. Indian J Orthop
2003;37(3):13.
[25]. Tong HC, Carson JT, Haig AJ, Quint DJ, Phalke VR,
Yamakawa KSJ, Miner JA. Magnetic resonance
imaging of the lumbar spine in asymptomatic older
adults. Journal of Back and Musculoskeletal
Rehabilitation 2006;19(2-3):67-72.
[26]. Cheung JP, Samartzis D, Shingematsu H, Cheung KM.
Defining clinically relevant values for
developmental spinal stenosis: a large scale
magnetic resonance imaging study. Spine (Phila
Pa 1976). 2014;39(13):1067-1076.
[27]. Verbiest H. The significance nd principles of computerized axial tomography in idiopathic
developmental stenosis of the bony lumbar
vertebral canal. Spine (Phila Pa 1976)
1979:4(4):369-378.
[28].Chatha DS, Schweitzer ME. MRI criteria of
developmental lumbar spinal stenosis revisited.
Bulletin of the NYU Hospital for Joint Diseases.
2011;69(4):303-307.
[29]. Rahman HASA, Iacob G. General considerations in
lumbar spinal stenosis. Romanian Neurosurgery.
2015; XXIX (XXII) I: 77-84.

How to cite this article: Indra Kumar, Vinay Sharma, Rekha Lalwani, C.S.Ramesh Babu, Naresh
Chandra. EVALUATION OF LUMBAR VERTEBRAL CANAL AT DISC LEVEL IN SYMPTOMATIC AND
ASYMPTOMATIC SUBJECTS: A RADIOLOGICAL EVALUATION. Int J Anat Res 2015;3(4):1615-1619. DOI:
10.16965/ijar.2015.309
Int J Anat Res 2015, 3(4):1615-19. ISSN 2321-4287

1619

