
Introduction

Many studies point out that the space available in the lum-
bar canal is the key to the development of discal symp-
toms [12] but may also be important in other causes of
lumbar pain (hypertrophy of bone structures, vertebral
displacement, etc.) [8]. The size of the spinal canal is de-
termined by different factors. First of all are genetic fac-
tors, the phenotypic expression of which can be altered by
direct local injury (trauma, infection, etc.) or repercus-
sions of systemic disturbances (malnutrition, cardiovascu-
lar illness, etc.) to the spinal column during its develop-

ment [1, 6, 26, 27]. Although degenerative alterations
have been described in the young [33], these are more fre-
quent when spinal development has ended, and therefore
its effects on the dimensions and morphology of the canal
could be differentiated with respect to congenital and de-
velopmental alterations [15, 28].

The different rates of growth of different dimensions of
an organism are referred to as allometric growth. The al-
lometric relationship between two diameters may be cal-
culated by ontogenetic data (measurements on individuals
of different ages) or static data (measurements on individ-
uals of similar age but different size) [10]. This possibility
moved us to take a series of measurements in the lumbar
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regions of 119 adult patients suffering low back pain and
sciatica of mechanical origin and in 39 adult patients
without prior histories or current lumbar pain.

Our objectives were (1) to determine the allometric re-
lationship between different measurements of the lumbar
spinal canal which could indicate how the lumbar region
grows or is influenced by developmental or degenerative
diseases and (2) to ascertain whether these measurements
differed between symptomatic and asymptomatic popula-
tions.

Material and methods

Materials

After a revision of clinical histories to exclude cases of tumoral,
inflammatory, and traumatic low back pain, a total of 119 patients
(76 males and 43 females) suffering mechanical low back pain and
sciatica were selected. Mean age, weight, and height were
41.9±1.23 years, 73.6±1.30 kg, and 167.9±0.89 cm, respectively.

Radiological study consisted of simple anteroposterior and lat-
eral radiographs as well as computed tomography (CT) of the lum-
bar spine. The CT scans included continuous slices from the pedi-
cle of L3 to the foraminal level of S1 performed with patients in
the supine position using a Sytec 3000 apparatus (General Electric,
Milwaukee, Wis., USA), with slice thickness of 3 mm or 5 mm at
120 kV and 100 mA/s. The slices were made with the gantry in-
clined parallel to the intervertebral disc. When the inclination was
inadequate for radiological measurements, image reformation was
performed [13]. When transitional vertebra was suspected, plain
film of the dorsal spine was used for correct identification of the
vertebral level. We began counting at T1, considered to be the ver-
tebra articulated with a normal first rib. After T12 was located,
lumbar vertebrae could be counted easily in a caudal direction.

The healthy control group was composed of 39 persons (19 males
and 20 females), none of whom had any history of back pain re-
sulting in time off from work or need of medical treatment. Mean
age, weight, and height were 37.9±2.04 years, 71.3±3.29 kg, and
164.3±2.53 cm, respectively. The CT study was conducted in the
same manner as with patients.

Comparisons were made between symptomatic and asympto-
matic patients, both sex-pooled and separated.

Radiological classification

Alterations of the discovertebral complex

Changes in the discovertebral complex noted were posterior disc
hernia and disc degeneration. In the former, focal bulging of the
disc with or without compression of the nerve structures was con-
sidered (Fig.1). Sequestrated fragments were also included. The
latter [31] were estimated from the presence of osteophytes, nar-
rowed disc space, vacuum phenomenon, or diffuse bulging disc.
Bulge was defined as a diffuse nonfocal extension of nonosseous
material more than 2.5 mm beyond the normal disc space [35]
(Fig. 2).

Alterations of the vertebral arch

Spondylolysis resulted in defects in the intervertebral arch at the
level of the isthmus.

Alterations of the posterior articulations

Facet degeneration was considered due to hypertrophic changes or
osteophyte formation, periarticular calcification, articular narrow-
ing of the joint space, vacuum phenomenon, or subchondral ero-
sion. No attempt was made to grade the severity of the degenera-
tive changes (Fig.3).
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Fig.1 Herniated disk in an asymptomatic female of 27 years

Fig.2 Bulging disk in an asymptomatic male of 24 years



Alterations of the vertebral canal

In this group, only stenosis of the bony canal was included. Steno-
sis of the central canal was shown in patients with sagittal diame-
ters lower than 12 mm in the presence of signs of nerve compres-
sion (motor or sensorial alterations). With regard to the interartic-
ular diameter, values of less than 15 mm in patients with symp-
toms of nerve compression were considered pathological [5, 9,
16]. Stenosis of the lateral canal was diagnosed when the nerve
root was found to be trapped in the bony margins of the lateral re-
cess or foramen with clinical symptoms or signs attributable to this
root [20, 22].

Transitional anomaly

After vertebral recount, transitional anomaly was classified as
lumbarization of S1 or sacralization of L5. In the former, we as-
certained 12 thoracic vertebrae and six lumbar vertebrae. The
lower vertebra was considered as an S1 fully or partially detached
from the sacrum. In the latter, only four lumbar vertebrae were
identified, because the theoretical L5s were partially or fully at-
tached to the sacrum or articulated to it by the transverse pro-
cesses.

Radiographic measurements

All measurements were performed at the CT screen, positioning
the cursor on the suitable reference point using a trackball. Win-
dow width and level were 1000 H and 300 H, respectively. The ra-
diographic measurements were divided into two groups (Fig.4).

Measurements of the central canal

Interarticular distance (IAD) was measured at the level of the disc
slice joining the internal borders of the facet articulations. Inter-

pedicular distance (IPD) was considered as the distance between
midlines of the internal sides of the pedicles. Sagittal diameter was
determined in the middle pedicular slice, from the entrance of the
basivertebral vein to the midpoint of the anterior portion of the
lamina.

Measurements of the lateral canal

The lateral canal was measured bilaterally at each level. For statis-
tical treatment, the mean of the right and left sides was used. The
lateral recess was measured in the slice at the level of the upper
vertebral platform as the distance between the posterior edge of the
vertebral body and the anterior part of the articular facet.

The anteroposterior diameter of the foramina was determined
at the subpedicular slice at the level of the dorsal ganglia as the
distance between the posterolateral edge of the vertebral body and
the anterior part of the facets [21].

Statistical treatment

All measurements were made by a musculoskeletal radiologist un-
aware of final clinical diagnosis, to avoid interobserver errors [3].
To estimate intraobserver error, we randomly chose 30 patients,
and the same examiner repeated the measurements on successive
days. This measurement error was calculated as the square root of
the sum of the differences between each two measurements,
squared, and divided by 60. The reliability of the measurements
was determined by the coefficient of intraclass correlation [15].

For the sake of consistency, the radiological findings were esti-
mated by a neuroradiologist. A subset of 30 patients were reexam-
ined on different days to estimate the intraobserver agreement.
This was measured by kappa values [7].

The influence of the different radiological alterations on the
measurements was determined by analysis of covariance, using
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Fig.3 Facet hypertrophy and articular vacuum phenomenon in an
asymptomatic female of 54 years Fig.4 Schematic representation of radiological measures. A lat-

eral recess, B sagittal and interpedicular diameters, C foramen, 
D interarticular distance



one of the radiological alterations as a fixed factor, while one of
the measurements was the dependent variable, introducing age,
weight, and height as covariables.

The allometric relationship between different measurements of
the canal was calculated using Pearson’s correlation analysis.

Results

Frequency of radiological alterations presented

Table 1 lists the frequency of radiological alterations
found in the 119 patients and 39 healthy control subjects.
Table 2 shows the statistical association between the dif-
ferent radiological abnormalities.

Measurement error

The intraobserver error for radiological measurements
ranged from 1.6% for the lateral recess of L4 and 3.5% for
the interpedicular distance of S1. The intraclass correla-
tion of intraobserver measurements was lower for the lat-
eral recess of S1 (0.681) and greater for the sagittal diam-
eter of L5 (0.982).

Kappa values for the intraobserver variability of radio-
logical abnormalities ranged from 0.762 for facet pathol-
ogy to 0.849 for bulging disk.

Correlations between different measurements 
(allometric relationship)

Except for S1, there was a positive association between
the sagittal diameters of the central canal and the trans-
verse diameters (range 0.24–0.83).

Lateral canal measurements were highly and positively
correlated, but their relationships with the central canal
measurements were less clear: lateral recess measure-
ments were not related to any interarticular diameters.
They correlated only with the sagittal diameters of L3 and
L5 (range 0.30–0.46) and to a lesser degree with inter-
pedicular diameters (range 0.10–0.41).

The dimensions of the foramina of L3 were not related
to any of the central canal diameters. Dimensions of the
foramina of L4 and L5 correlated with some of the sagit-
tal and transverse diameters of L3 to L5 (range 0.06–
0.46).

Correlations with age, weight, and height

No correlation was found between subject height and
weight and the radiological measurements of their lumbar
spines. Age correlated negatively with foraminal mea-
surements at L3 (–0.40), L4 (–0.33), and L5 (–0.25).

Differences between the symptomatic 
and asymptomatic population

Differences were found mainly at the lateral canal and are
listed in Table 3. Table 4 indicates the measurements that
remained statistically different, separated by sex.

Measurements in the different radiological findings

The patients with canal stenosis presented smaller diame-
ters of their central canals, lateral recesses of L5, and
foramina of L4 and L5. The patients with transitional ver-
tebrae showed different trends according to the type of
transitional anomaly.

The patients with lumbarization revealed reduced cen-
tral canal diameter, IAD (P<0.01) and IPD distances (P=
0.004–P<0.001) in all levels, and to a lesser degree sagit-
tal dimensions of L4 (P<0.001), L5, and S1 (P<0.05).

The patients with sacralization also presented alter-
ations in the transverse diameters of their central canals
but showed a larger IPD distance in L5 (P<0.05) and IAD
in L3-4 (P<0.001) and L4-5 (P<0.05). Sagittal diameters
were smaller in S1 (P<0.05).
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Table 1 Frequency of patients with a given radiological alteration

Pathology Normal Low back patients

(n) (%) (n) (%)

Herniated disc 7 17.9 64 53.7
Disc degeneration 18 46.1 97 81.5
Disc bulge 14 35.8 53 44.5
Spondylolysis 1 2.5 15 12.6
Facet degeneration 11 28.2 62 52.1
Canal stenosis 0 0 14 17.7
Transitional vertebra

Lumbarization 0 0 10 8.4
Sacralization 4 10.2 12 10.0

Table 2 Statistical association between different radiological ab-
normalities. HD herniated disc, DD disc degeneration, FD facet
degeneration, CS canal stenosis, SS spondylolytic spondylolisthe-
sis, S sacralization, L lumbarization. *P<0.05, **P<0.001

HD DD FD CS SS S

DD 50
FD 26 66**
CS 6 14 11*
SS 4 12 10 0
S 6 10 9 0 0
L 4 9 5 5** 1 0



Discussion

A major problem in the management of degenerative lum-
bar disease is the difficulty in correlating many radiologi-
cal abnormalities with patients’ clinical symptoms. This is
also true for measurements of the vertebral canal [4, 11,
34].

This difficulty prompted us to perform a comparative
morphometric study of patients with low back and sciatic
pain and healthy controls with no history of back troubles.
This study involved measurements of the central and lat-
eral canals.

Central canal

Measurements of the central canal included transverse
and sagittal diameters. Although ontogenetic differences
concur in their formation [19], these dimensions show an
allometric relationship, and variation of one diameter in-
fluenced the value of the others. The cases of canal steno-
sis show this finding clearly, because all central canal di-
ameters were consistently lower. Nevertheless, it is well
known that sagittal diameters stop increasing in early

childhood, while transverse diameters grow until adult-
hood [17, 24]. If the increase in sagittal diameter is visibly
disturbed in an early phase of life, the allometric relation-
ship explains that even when the damaging agent disap-
pear, other diameters in the vertebral canal will also be
hampered from reattaining normal values.

Except for the sagittal diameter of S1, the dimensions
of the central canals showed no differences between the
symptomatic and asymptomatic populations. This ten-
dency is consistent with the wide range of values reported
in the literature that demonstrate overlap between sympto-
matic and asymptomatic populations [3, 9, 15, 21, 29].
Also, most clinical symptoms result from injuries to the
soft tissue components of the spine, while bony canal
measurements remain within the normal value range [30].
The capacity of the bone central canal alone is usually not
an important clue to the development of symptoms.

Transitional vertebral anomalies represent ontogenetic
alterations which cause changes to the central canals that
have not been described in the literature. The trend differs
with the cases of sacralization and lumbarization. In
sacralization, the IPD widens at L5, compatible with
sacral assimilation of the last lumbar vertebra, which be-
haves as an S1 and shows the greatest IPD diameter. In
lumbarization, the diameters of the central canal are nar-
row, increasing the probability of canal stenosis. In fact,
five of ten patients with lumbarization presented with
clinical canal stenosis (P<0.001). It is as though the longi-
tudinal elongation of the canal involved a certain loss of
capacity for caudal widening, mainly of the transverse di-
ameters, which, as is well known, grow from infancy to
adulthood. Therefore, as opposed to congenital stenosis of
the sagittal diameter, which occurs in the first years of
life, the effect on the canal in lumbarization depends on
mechanical and anatomical alterations which hinder
widening of the canal throughout the entire growth pe-
riod. This finding, previously unpublished in humans, has
been reported in dogs [23].

Lateral canal

Foramina were wider in the asymptomatic population.
This finding has also been reported for the cervical spine
of asymptomatic individuals [14]. Many features suggest
that these differences may be acquired rather than deter-
mined by congenital alterations. At birth, the vertebral
canal is dome-shaped. Lateral canals are formed during
the entire growth phase, being susceptible to local or gen-
eral disturbances [2, 25]. From our results, we deduce that
the capacity of the foramina is important in the develop-
ment of lumbar symptoms. The lateral canal contains
nerve roots, the main tissue capable of producing leg pain,
while dural tissue in the central canal is less sensitive
[18]. Also, the extrathecal intraspinal nerve roots are more
fixed than the roots inside the thecal sac, being therefore
more susceptible to injury [32].
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Table 3 Differences in millimeters between the patients with low
back and sciatic pain and the asymptomatic population. SAG sagit-
tal, IAD interarticular distance, IPD interpedicular distance, LR lat-
eral recess, FOR foramen, NS not significant

Low back pain Asymptomatic Significance

SAG L3 15.0±0.25 15.8±0.28 NS
SAG L4 15.8±0.25 16.3±0.37 NS
SAG L5 17.1±0.33 17.4±0.40 NS
SAG S1 16.6±0.33 18.0±0.46 P<0.01
IAD L3-4 19.7±0.33 19.9±0.38 NS
IAD L4-5 22.2±0.40 22.3±0.47 NS
IAD L5-S1 25.8±0.45 27.0±0.53 NS
IPD L3 22.6±0.53 23.5±0.30 NS
IPD L4 23.5±0.32 23.7±0.35 NS
IPD L5 26.5±0.35 27.1±0.38 NS
IPD S1 30.3±0.34 31.2±0.40 NS
LR L4 5.9±0.26 6.3±0.22 NS
LR L5 5.2±0.10 5.5±0.16 NS
LR S1 5.3±0.10 5.6±0.14 NS
FOR L3 8.9±0.20 10.3±0.25 P<0.01
FOR L4 8.5±0.13 9.9±0.19 P<0.01
FOR L5 8.3±0.19 8.8±0.31 NS

Table 4 Radiological mea-
surements that remain statisti-
cally different analyzed by sex.
SAG sagittal, FOR foramen,
NS not significant

Men Women

SAG S1 P=0.002 P=0.093
FOR L3 P<0.001 P=0.073
FOR L4 P<0.001 P=0.036
FOR L5 NS P=0.048
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The role played by the reduction in the sagittal diame-
ter of S1 in symptomatic patients is not well understood.
It is well known that the caudal vertebral column matures
later [27], and our work has demonstrated that the sagittal
diameter of S1 is the most independent dimension, along
with those of the lateral canal. Therefore, their growth
may be influenced by a damaging agent for a longer pe-
riod of time.

In summary, a narrow canal due to severe disturbance
of its growth during early phases of life could be the ori-
gin of what we know as congenital narrow canal with
mainly small sagittal diameters. A less severe disturbance
or injury during later phases of growth would not have

repercussions on the lumbar sagittal dimensions but could
affect lateral canal development while it is still growing,
thus making patients more susceptible to low back pain or
sciatica throughout life. The opposite would apply to asymp-
tomatic patients who, with normal canal dimensions, can
tolerate degenerative alterations to the spine without clin-
ical repercussions. Our study suggests that small foramina
may be an important clue to the development of low back
pain and sciatica, as is the narrow central canal in con-
genital canal stenosis. Among the developmental anom-
alies, lumbarization proved to be associated with canal
stenosis due to small transverse diameters of the central
canal.
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