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Suntntary 

A variety of measurements of the lumbar spinal canal (SC) and intervertebral 

foramina (lVF) are presented and compared in two adult age groups (48 individuals 

aged 20-35 and 48 individuals over 60 years) in both males and females. The 

dimensions measured in fresh post-mortem material include: mid-sagittal (AP) and 

transverse diameters (TD) of the SC; height, length and greater antero-posterior 

(AP) width of the IVF and ligamentum flavum (LF) thickness at the lumbo-sacral 

level. 

The data show a significant decline in the SC APD in both sexes, but the SC TD 

increases with ageing in males while it declines with ageing in females. The IVF 
height decreases with ageing but its AP width increases and its length increases. 

The LF shows a 50�o increase in thickness with ageing. These ageing changes in a 

'normal' population provide the neurovascular bundle in the IVF with less 'room for 

manoeuvre' and support the view that minor additional pathology is more likely to 

lead to entrapment syndromes in the elderly than in the young. 

Key words: Spinal canal; Intervertebral foramina; Lumbar spine; Spinal 

stenosis; Age changes. 

The spinal canal (SC) and the intervertebral foramina (IVF) of the lumbar 

spine serve as containers and pathways for the terminal 2 cm of the spinal cord, 

the cauda equina and the nerve roots of the lumbar spinal nerves (Schmorl and 

Junghanns, 1971). With advancing age, these spaces may be reduced by soft 

tissue or osseous hypertrophy. Stenosis of the SC and IVF may compromise the 

neural structures or their vascular supply (Verbiest, 1975, 1976; Porter et al., 

1980; Winston et al., 1984). 

Growth of the sagittal and transverse diameters of the SC is virtually complete 

by 10 years of age (Knuttson, 1961), and remodelling and change in shape are 
said to be complete soon after this (Reichmann and Lewin, 1971). Stenosis is 

described as early as the second decade, but its prevalence increases with ageing. 

The hypertrophic bone changes usually associated with ageing may be super-
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Figure 1 Diagrams demonstrating the measurements made of the lumbar spinal canal (above) 

and intervertebral foramina (below). a = mid-sagittal antero-posterior dimensions of spinal canal, 

b = lateral dimension of the spinal canal, c = length of the intervertebral canal, d = height of 

the intervertebral foramen, e = antero-posterior horizontal dimension of the intervertebral 

foramina. 

imposed on a congenitally narrow canal (and it may be difficult to distinguish 

congenital from acquired stenosis). The lumbar SC is generally triangular in 

shape (Fig. 1) and may be trefoil at lower lumbar levels (Eisenstein, 1977). In 

lateral spinal stenosis this trefoil shape may be greatly exaggerated (Haworth 

and Keillor, 1962). 

The IVF are the nerve root canals or tunnels (Dommisse, 1975). They are 

auricular in shape when viewed in lateral radiographs (Fig. 1), and the spinal 

nerves and their vessels descend obliquely through the 'wider' upper part of 

each canal (Schmorl and Junghanns, 1971; Sunderland, 1974). The length of 

each canal corresponds to the transverse width of the pedicles which form its 

roof and floor (Fig. 1). Although there are some doubts as to the proportion of 

the intervertebral (IV) canal occupied by the nerve roots and their accompanying 

vessels (Hadley, 1936; Cave, 1955; Sunderland, 1974), most authorities believe 

that there is usually adequate space to contain them (Sunderland 1974; Dom

misse, 1975). The IV canal space can be compromised by disc narrowing and/or 
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bulging with associated osteophytes at the vertebral body margins, by hyper

trophy of the ligamentum ftavum (LF), and by osteophytes laid down on the 

antero-medial aspect of the zygopophyseal (Z) joints (Farfan, 1973; Yong-Hing 

et al., 1976; Taylor and Twomey, 1986). 

This study records age changes in the dimensions of the lumbar spinal canals 

and intervertebral canals in a 'normal' unselected population and discusses some 

possible biological mechanism for these changes and some clinical implications 

of the changes. 

Materials and ntethods 

The current study formed part of a more comprehensive study (Twomey, 1981), 

in which the whole lumbar spine, extending from T12 to S2 was removed 

routinely from each of 204 cadavers of Australian/European ethnic origin, which 

ranged in age from 1 day to 97 years. The complete series was grouped into six 

age groups to study age changes in structure and function (Taylor and Twomey, 

1980; Twomey and Taylor, 1982, 1983, 1985), but the current study compares 

the dimensions of the SC, IVF and LF in only two age groups: young adults 

(20-35 years) and elderly subjects (60 + years). There were 48 cadavers (24 male 

and 24 female) in each of the two age groups. The old and young groups of both 

sexes were of comparable average heights and weights. 

All measurements were made directly in fresh, unfixed, hemisected spines, 

from which all muscles and the spinal cord, nerves and meninges had been 

carefully removed. 

Dial vernier calipers (accurate to 0.05 mm) were used to measure the median 

sagittal antero-posterior and the transverse dimensions of the SC (Fig. 1). This 

latter dimension was made from X -rays of the specimens taken with a long tube

film distance and with the specimen in direct contact with the cassette. The 

antero-posterior diameter was measured directly on the specimens at the level 

of the lower margin of the vertebral body. 

The height, length and greatest antero-posterior dimension of the bony 

lumbar IVF (Fig. 1) were directly measured at each level from Ll-2 to L5-Sl. 

The height and antero-posterior 'width' were measured within the canal using 

the calipers introduced from the external aspect of each IV canal. For length 

measurements, a specially constructed tool with a calibrated bolt was passed 

through the IV canal from the medial side. The bars of the tool were tightened 

against the lateral and medial margins of the pedicles bounding each IV canal, 

and the length was read off on the lateral side (Twomey, 1981). 

Ligamentum ftavum thickness was measured only at the L5-S 1 level in the 

hemisected columns, using the calipers, to measure its thickest part, immediately 

postero-medial to the Z joint line. 

Results 

Dimensions 

Vertebral canal. (a) Mid-sagittal antero-posterior diameter This is greatest (16-

17 mm) at upper and lower levels and least at mid-lumbar levels (Fig. 2). There 
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Figure 2 The antero-posterior diameter (APD) of the spinal canal in males and females. 
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is a consistent small decline with ageing (at 9 of 10 levels) which averages a 5�o 
decline for the lowest three levels in males. The decline is statistically significant 
in males (p 0.01) but not in females (Table I). 

(b) Transverse (interpedicular) width The data demonstrate a decline with 

ageing in females and an increase with ageing in males. The changes are most 

evident at L1 and L� levels, where they are of the order of 5 to 600, They are 

statistically significant (p 0.05) for both sexes (Table II). 
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Table I The mid-sagittal antero-posterior dimensions of the vertebral canals in males and 
females between young adult life and old age 

Vertebral 

level 

Ll 

L2 
L3 

L4 

L5 

* significant. 

ns not significant. 

Males eM) Females (F) 

20-3S yrs 60 + yrs 20-3S yrs 60+ yrs 

16.0 ± 1.4 IS.8 ±2.0 16.4 ± 1.6 IS.8 ±2.0 

14.6 ± 1.8 14.4 ± 1.9 IS.7 ± 1.7 IS.4 ± 1.9 
14.8 ±2.4 14.0 ± 1.9 IS.0 ±2.S 14.8 ±2.1 

15.6 ±2.7 14.9 ± 1.6 15.7 ±2.5 15.5 ±2.3 

17.2 ±2.6 16.6 ±2.6 16.1 ±2.7 16.3 ±2.6 

t = 3.9S, df = 4, P < 0.01 * t = 1.72, df = 4, P < 0.1 ns 

Combined M & F: t = 3.72, df = 9, p < 0.0025 * 

Table II The lateral dimensions (mm) of the vertebral canals in males and females between 

young adult life and old age 

Males eM) Females (F) 
Vertebral 

level 20-3S yrs 60+ yrs 20-35 yrs 60+ yrs 

Ll 24.S ±3.3 2S.9 ±2.4 24.4 ±2.6 23.3 ±2.4 
L2 24.5 ±2.6 24.2 ±2.3 23.9 ±2.5 23.7 ±2.4 
L3 24.8 ±2.2 2S.9 ±2.2 24.5 ± 1.9 24.1 ± 2.1 
L4 26.3 ±2.6 26.8 ±2.2 25.1 ± 1.9 2S.1 ±2.0 
LS 28.4 ± 3.1 30.2 ±2.8 28.3 ±2.2 26.7 ± 2.1 

t = - 2.45, df = 4, p < O.OS * t = 2.20, df = 4, P < O.OS* 

* significant. 

ns not significant. 

Table III The maximum height of the intervertebral foramine (IVF) in males and females 

between young adult life and old age 

IVF 

level 

Ll-2 

L2-3 

L3-4 

L4-S 
LS-Sl 

* significant. 
ns not significant. 

Males (M) 

20-35 yrs 

14.6 ±2.1 

16.0 ±1.9 

16.3 ± 2.2 

15.6 ± 2.2 

13.2 ± 2.6 

60+ yrs 

15.0 ± 1.9 
15.9 ±2.6 

16.2 ±2.9 
IS.2 ±3.4 
12.4 ±2.1 

Females (F) 

20-35 yrs 60+ yrs 

14.2 ± 1.8 14.1 ±2.3 
IS.7 ± 1.5 15.1 ±2.7 

16.9 ±1.4 IS.5 ±3.1 
15.9 ±2.5 IS.8 ±2.S 
13.4 ±2.0 11.6 ± 2.1 

t = 1.08, df = 4, p < 0.25 ns t = 2.32, df = 4, P < O.OS* 

Combined M & F: t = 2.3S, df = 9, P < 0.025 * 

Intervertebral foramina. (a) Height The IVF height is greatest at mid-lumbar 

levels, particularly at L3-4, and least at the lower ends of the lumbar column, 

particularly at L5-S1 (Fig. 3). It declines with ageing at 9 of 10 age/sex levels 

and this decline is significant for females (p 0.05) but not for males (Table III). 

The greatest decline is seen at lumbo-sacral levels (13°" in females). 

(b) Antero-posterior diameter (AP) This is normally greater at the L5-S1 level 

than at higher levels (Table IV); it increases with ageing at all levels in males and 

at 3 of the 5 levels in females. At upper and middle levels in males it increases 

by 7-1200, The increases are statistically significant in males (p 0.005) but 

not in females. 
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Figure 3 The height of the lumbar intervertebral foramina (lVF) in males and females. 

(c) Length This normally shows a progressive increase from Ll-2 to L5-S1; it 

also increases quite markedly with ageing, except at upper levels in males (Table 

V). The largest increases are at the lower three levels in females and at L4-5 in 

males, which together average a 2100 increase in length. Overall the increases 
are highly significant in females (p 0.005) but not in males. 

Ligamentum flavum. The average thickness increases from 1.5 mm or 1.6 mm 

in males and females respectively to 2.2 mm and 2.5 mm respectively (Twomey, 

1981). This represents a 47°0 increase in males and a 5600 increase in females. 
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Table IV The antero-posterior horizontal dimensions of the IVF in males and females 

between young adult life and old age 

Males (M) Females (F) 
IVF 

level 20-3S yrs 60 + yrs 20-3S yrs 60+ yrs 

LJ-2 8.1 ± 1.8 8.7 ± 1.2 8.9 ± 1.2 9.1 ± 1.6 
L2-3 8.2 ± 1.5 8.9 ± 1.6 8.7 ± 1.2 9.1 ±1.7 
L3-4 8.4 ± 1.3 9.4 ±2.2 8.7 ± 1.3 8.4 ± 1.8 
L4-S 8.8 ± 1.S 9.5 ±2.S 8.9 ± 1.2 8.7 ±2.1 

LS-Sl 12.0 ±2.S 12.3 ±3.4 10.5 ± 1.8 11.2 ±2.8 
t = - 5.88,df = 4,p < O.OOS * t = 0.86, df = 4, p < 0.25 ns 

Combined M & F: t = -3.11, df = 9, p < 0.01 * 

* significant. 

ns not significant. 

Table V The length (mm) of the intervertebral canals (rvC) in males and females between 

young adult life and old age 

IVF 

level 

LJ-2 

L2-3 

L3-4 

L4-5 

LS-S I 

* significant. 

ns not significant. 

Indices 

Males (M) Females (F) 

20-35 yrs 

9.9 :�2.0 
10.8 ±2.3 

12.9 ± 2.8 

16.5 ±3.S 

22.5 ±4.3 

60+ yrs 

9.6 ±2.4 

10.3 ±2.9 

13.7 ± 3.7 
19.6 ±3.9 

23.4 ±3.S 

20-35 yrs 60+ yrs 

8.1 ± 1.8 8.9 ± 1.8 

8.8 ±4.4 10.2 ±2.8 

9.9 ± 1.9 12.4 ±2.3 

14.2 ±3.1 16.7 ±3.3 

18.8 ±4.1 22.7 ±4.2 

t = - 1.25, df = 4, P < 0.01 ns t = 2.24, df = 4, P < 0.05 * 

Combined M & F: t = -3.27, df = 9, p < 0.05 * 
. 

Spinal canal. (a) An index of the mid-sagittal diameter of the SC divided 

by the antero-posterior dimension of the vertebral body at the same level was 

established. It indicates a decline at all levels in both sexes with increasing age 

(Table VIA). 

(b) An index of the interpedicular (transverse) diameter of the SC divided by 

the transverse diameter of the vertebral body indicates an increases in males and 

a decline in females with increasing age (Table VIB). 

Intervertebral foramina. An index of IVF height divided by the combined 

posterior midline heights of the intervertebral disc and vertebral body shows a 

decline in nine of the ten measures (Table VII). The largest decline is at the 

LS-Sl level in both sexes. 

Discussion 

Spinal canal 

(a) The significant declines in the antero-posterior diameter of the SC in 

males, and of the lateral diameter of the SC in females relate to the 'horizontal 
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Table VI Spinal canal indices: 

mid-sagittal diameter of the spinal canal (SC) 

(A) antero-posterior diameter of the spinal canal (SC) 

Males (M) 

Vertebral 
level 20-35 yrs 60+ yrs 

Ll 0.51 0.50 

L2 0.46 0.44 

L3 0.45 0.41 

L4 0.48 0.44 

L5 0.53 0.49 

transverse diameter SC 
(B) 

transverse diameter VB 

Males (M) 
Vertebral 

level 20-35 yrs 60 + yrs 

Ll 0.58 0.62 

L2 0.57 0.58 
L3 0.56 0.58 
L4 0.55 0.58 
L5 0.54 0.59 

Table VII Intervertebral foramine (IVF) index: 

Length of each intervertebral canal 
-.�� .. --.. �---------� 

Transverse diameter of the vertebral body (VB) immediately cap he lad 

Males (M) 
Vertebral 

level 20-35 yrs 60+ yrs 

Ll-2 0.45 0.44 
L2-3 0.47 0.45 
L3-4 0.47 0.46 
L4-5 0.46 0.44 

L5-S1 0.44 0.40 

Females (F) 

20-35 yrs 

0.60 

0.55 

0.50 

0.53 

0.55 

60+ yrs 

0.54 

0.50 

0.47 

0.48 

0.53 

Females (F) 

20-35 yrs 

0.68 

0.65 

0.63 

0.60 

0.61 

60+ yrs 

0.60 

0.59 

0.56 

0.54 

0.54 

Females (F) 

20-35 yrs 60+ yrs 

0.45 0.44 
0.47 0.46 
0.51 0.48 
0.49 0.50 
0.45 0.38 

hypertrophy' of bony vertebral elements in old age, previously reported in the 

same material (Twomey and Taylor, 1983; Taylor and Twomey, 1986). In 

particular there is: 

(i) a horizontal spreading of the vertebral body, demonstrated as an increase 

in its antero-posterior and transverse dimensions (Twomey and Taylor, 

1983), and 

(ii) an increase in some of the bony dimensions of the posterior arches, e.g. 

the spinous processes increase their mid-sagittal vertical dimension 

(Twomey, 1981), while the lumbar Z joints show evidence of bony 

sclerosis with hypertrophy and osteophyte development through middle 

and old age (Taylor and Twomey, 1986). 
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This study shows a small reduction in the average antero-posterior diameter of 

the SC with ageing of about 5 ° ° for males. This natural age change compares 

with a 4 to 9° 0 difference in the same measures between control and 'operated' 

groups reported by Winston et al., (1984), and with Porter's (1978) 7 to 140 ° 
difference in oblique sagittal measures between his control group and his group 

with symptomatic disc lesions. As the cross-sectional shape of the SC changes 

from triangular in young adult life to trefoil in the elderly (Verbiest, 1975), the 

small median sagittal reduction we have recorded with ageing would be asso

ciated with a larger reduction in the antero-posterior dimensions of the lateral 

recess. In retrospect, it may have been better to have measured the antero

posterior diameter from the upper end of the lamina rather than the lower end of 

the body as the former shows a greater reduction with ageing. Thus, it may be 

that either Porter's (1978) oblique measurement, or a para-sagittal antero-poste

rior measurement would provide better evidence of the hypertrophy of the walls 

of the SC than the standard mid-sagittal antero-posterior measurement. In this 

context, our previous studies using the same material (Twomey, 1981; Taylor 

and Twomey, 1986), demonstrated changes to the Z joints and LF which form 

the postero-lateral walls of the SC, which would account for the change from a 

triangular to a trefoil shape. 

There is a 50° 0 increase in average LF thickness at the lumbo-sacral level. 

This, together with hypertrophy of the subchondral bone plate of the superior 

articular process of the Z joints, and osteophyte formation into the LF (Taylor 

and Twomey, 1986), would reduce the para-sagittal antero-posterior dimensions 

of the lateral part of the Sc. The hypertrophy of the anterior part of the sub

chondral bone of the superior articular process of the Z joint is probably a 

response to loading at the extremes of the normal sagittal range (Twomey and 

Taylor, 1985; Taylor and Twomey, 1986). 

(b) The interesting observation that the interpedicular distance increases in 

males and declines in females with ageing (Tables II and VI) suggests that differ

ent influences predominate in males than in females. In males, the increase in 

transverse diameter of the vertebral body with ageing appears to 'carry' the 

pedicles out laterally. In female adults, the increase in transverse diameter of 

the vertebral body is less than in males (Twomey, 1981). However, osteoporosis 

is much more prevalent in elderly females than in elderly males (Lane and 

Vivorita, 1984; Pogrund, 1985), and the lesser increase of the transverse diameter 

of the vertebral body in females involved a transverse spreading of the lumbar 

vertebral bodies, associated with significant loss of the transverse trabeculae of 

vertebral cancellous bone (Twomey and Taylor, 1982; Preteux et al., 1985). 

Since the internal trabecular structure of the vertebral body is in direct con

tinuity with that of the pedicles, a similar mechanism of 'transverse expansion' 

of the pedicles may accompany the changes previously described in the vertebral 

bodies. This increase in pedicle width could account for both the reduction in 

interpedicular distance and the increase in IV canal length in elderly women. 

The increasing trefoil shape of the SC noted particularly in older males 

(Verbiest, 1975) would relate in part to the increased interpedicular distance 

observed in our study, and in part to the bony hypertropy of the superior 

articular process (SAP) and lamina at the two Z joints and to the thickening of 

the LF where they cover these joints. 
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Intervertebral foramina 

The changes noted in this study are a reduction in the height and increases in 

the antero-posterior diameter and length of the lumbar IVF and canals (Tables 

III and V). The reduced height, significant only in females (Table III), relates to 

the reduced length of the column noted in a previous study (Twomey, 1981). 

This loss in length (or stature) has been shown to be due to osteoporosis 

(Twomey and Taylor, 1983). The loss in IVF height could also be related to 

changes in the posture of the lumbo-sacral spine with ageing (Twomey, 1981). 

Despite a flattening of the lumbar lordosis from L1 to L4, which would tend to 

increase the IVF height, the loss in vertebral body height is still sufficient to be 

the predominant feature in the overall reduction of IVF height. At the lumbo

sacral junction, on the other hand, both the postural change (an increase in 

lordosis) and the height loss combine to produce a significant decline in the 

vertical dimensions of the IVF). 

The increased length of the IV canal (Table IV), particularly at lower levels, 

relates to the increased transverse diameter of the vertebrae (Table VII), to 

hypertrophy of the Z joints which form its posterior boundary, and in females 

to significant 'thickening' of the pedicles (Table V). These changes contribute 

both to the increased IV canal length and to the increasing trefoil shape of the 

Sc. 

The increased length of the IV canal and decreased IVF height both provide 

the neurovascular bundle with 'less room for manoeuvre' within the IV canal. 

This could compromise the neural structures in older people. 

The observations of Larsen (1983) showing the scalloping of the posterior 

surfaces of lumbar vertebrae, which is most marked laterally, particularly with 

ageing, would explain our surprising observation of significant increase in the 

antero-posterior diameter of the upper part of the IVF in old age (Table III). 

This probably represents the 'erosive' effect of the spinal nerve roots on the 

posterior surface of the vertebral body. It suggests that although disc bulging 

and Z joint hypertrophy may narrow the lower part of the lateral IV canal, the 

nerve usually retains adequate space in the upper canal by virtue of this scallop

ing. Our static measurement probably measures the maximum available space 
and takes no account of the 'dynamic' form of lateral spinal stenosis associated 

with mobile segment instability. Moreover, the significant reduction in the ver

tical dimensions of the IVF, together with the increase in IV canal length, give 

the neurovascular bundle less overall space, and may force the bundle further 

down and into the narrow interior part of the IV canal. This argument highlights 

the potential importance of a change in lumbar posture, such as flattening of the 

lumbar lordosis, in relieving pressure and providing relief, by widening the 

vertical dimensions of a compromised IV canal. 

Stenosis of the SC and IV canals, due to LF and bony hypertrophy, and to 

changes in posture and stature, is greatest at the lower levels in the lumbar 

spine (White and Panjabi, 1978). While some authorities (Ramsay, 1966; 

Schmorl and Junghanns, 1971) have attributed the principal factor to LF 

thickening and have described the LF as thickening to 9 mm at lumbo-sacral 

levels, it is generally considered that apparent LF thickening may be due in 

large part to the underlying hypertrophic bone changes, since anterior 
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osteophytes from the Z joints at the LF attachments to the lamina 'grew into' 
the LF (Yong-Hing et al., 1976; Twomey, 1981). 

Clinical implications 

It is important that clinicians who see a highly selected population should be 

aware of 'normal' age changes found in an unse1ected population. Porter et al., 

(1980) showed that subjects with narrowed spinal canals are up to 11 times 

more likely than those with a normal canal to suffer from nerve root entrapment 

when affected by additional pathology, such as intervertebral disc prolapse. The 

narrowing of the lateral gutters of the SC and of the adjacent IV canals was also 

considered by Verbiest (1975) to contribute to stenosis and neurogenic claudi

cation. 

Heliovaara et al., (1986) showed a correlation between a narrowed Z joint inter

articular distance within the SC and sciatica, and concluded that those indivi

duals with considerable bony hypertrophy causing a marked reduction in SC 

space, were at greater risk from stenotic pressure after disorders such as lumbar 

disc bulging or protrusion. The work of Verbiest (1975, 1976), Porter et al., 

(1980), Winston et al., (1984) and Heliovaara (1986) support the view that minor 

structural changes, such as those described in the SC and IV canals in this 

study in an 'unselected' ageing population, make the subjects more vulnerable 

to entrapment syndromes and nerve root claudication syndromes in the event of 

any added acute pathology. 
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