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An Investigation of the Herniation Pathway
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and Neil D. Broom, PhD�
Conclusion. The vulnerability of the lateral annulus to disrup-

Study Design. Structural investigation of mechanically induced

herniations in ovine lumbar motion segments.
Objective. This new study addresses the question of whether

there are regions other than the posterior and posterolateral

aspects that are implicated in the initiation of disc disruption

and herniation.
Summary of Background Data. Flexion in combination with

compressive loading will induce disc herniations in healthy

motion segments in vitro. Although it is widely accepted that the

posterior and posterolateral regions of the disc are the primary

sites of herniation much less is known as to whether other

regions of the disc might be involved in the herniation process.
Methods. Healthy ovine lumbar motion segments (n¼14) were

flexed 108 and compressed at a rate of 40 mm/min up to point

of failure. The discs were macroscopically analyzed using

progressive transverse sectioning to obtain a more global picture

of internal disc disruption and herniation.
Results. A high prevalence of disruption in the lateral annulus

was found associated with circumferential tracking of nucleus

between the annular layers toward the posterolateral and

posterior regions. In all tests this lateral disruption did not cause

any discernible external change in the lateral disc periphery

after the removal of load. After imposing the predetermined

flexion the applied compression also induced a forward anterior

shear of the superior vertebra of approximately equal magnitude

to the axial compressive displacement.
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tion is thought to arise from the overloading of its differentially

recruited oblique/counteroblique fiber sets, this in turn generated

by anterior shear developed in the flexed, compressed motion

segment. This lateral annular disruption, followed by circumfer-

ential tracking of nuclear material and resulting in either

contained or uncontained extrusions in the posterior or poster-

olateral annulus, highlights the complexity of the herniation

process.
Key words: anterior shear, circumferential nuclear tracking,
flexion and compression, herniation pathway, lateral annulus
disruption, ovine lumbar motion segments, progressive
transverse sectioning, structural analysis.
Level of Evidence: N/A
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1,2
B
oth internal disc disruption and overt herniation
cause low back pain by stimulating nerve endings3–5

situated in the outer third of the disc.4,6–8 When
herniation occurs, either focal disc bulging or extrusion of
nuclear material may irritate, inflame, and/or compress the
adjacent nerve roots causing sciatica.9

In vitro cadaver studies have shown that compressing
discs in flexion increases the likelihood of herniation,10–12

whereas compression of the disc in its neutral posture almost
invariably leads to vertebral endplate failure.13–15 Previous
in vitro studies using ovine lumbar discs have shown that it is
possible to induce herniations using a novel internal press-
urization technique.16–19 Although nonphysiological, these
ovine studies did highlight the potential importance of both
loading rate and posture on disc disruption and herniation.

More recently Wade et al20,21 investigated the influence
of loading rate and posture by compressing intact ovine
lumbar motion segments under conditions much more akin
to in vivo function. Their studies showed that to achieve
herniations a flexed posture of 108 and a minimum com-
pressive rate of 40 mm/min was required. The same flexion
but with a lower compressive rate of 4 mm/min, or a neutral
posture irrespective of rate, resulted in vertebral endplate
failure. Furthermore, these investigators sagittally sectioned
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Figure 1. Schematic illustrating the progressive transverse sectioning
method. A, The first transverse cut was made as close as possible
to one of the vertebra followed by a progression of cuts (indicated
with the small arrows) until the other vertebra was reached as
shown in (B).
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their herniated discs to investigate microscopically the
mechanism of annular wall/endplate failure, particularly
focusing on the posterior and posterolateral aspects.20

Although it is generally accepted that the posterior and
posterolateral regions of the disc are the primary herniation
sites22–25 via direct radial rupture of the annulus,24,25 the
question remains as to whether there are also mechanisms of
herniation operating in other regions that do not necessarily
involve direct radial rupture. We consider that this latter
question is best addressed by employing a method of struc-
tural analysis able to capture evidence of any more globally
distributed damage within the whole disc, and hence this
new study.

MATERIALS AND METHODS

Sample Preparation
Mature ovine lumbar spines (age 3–5 yr) were collected
soon after sacrifice and stored at �288C. Following thaw-
ing, extraneous tissues were removed from each lumbar
spine and dissected into L1-L2, L3-L4, or L5-L6 motion
segments. The facet joints were retained to restrict anterior
shear to within physiological limits.14,26–28 If inspection of
any transected disc revealed an abnormality such as a
rupture, focal disruption, or discoloration, then the total
spine was discarded. Each motion segment was submerged
in physiologic saline at 48C for at least 20 hours to ensure a
consistent level of hydration29–31 and the vertebrae then
mounted in metal cups using dental plaster.

Mechanical Testing
Using a custom-built rig20,21 each motion segment was
flexed 108 followed by axial compression at a rate of
40 mm/min up until detection of an audible fibrous tearing
sound.20 The tests were video recorded from the lateral view
to capture the downward and forward displacements of the
superior vertebra permitted by the freedom of forward
motion of the upper portion of the rig, and to determine
the load at initial failure. With SPSS software (version 23;
IBM Corp., Armonk, NY) a one-way ANOVA was per-
formed to test for a significant difference in mean initial
failure load between the three spinal levels used. Mean
initial failure loads from the present study and a previously
published study20 using the same ovine model and testing
conditions was tested for significance with a t test.

Structural Analysis
The tested motion segments were chemically fixed (10%
formalin) and decalcified (10% formic acid). After external
examination of the disc the facet joints were carefully
removed to enable transverse sectioning. Then a first cut
was made transversely close to one of the vertebra
(Figure 1A) followed by a progressive series of transverse
cuts until the other vertebra was reached (Figure 1B). When
the damage appeared less obvious the number of slices was
increased by reducing their thickness to increase the level of
structural resolution. On average approximately eight slices
Spine
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were taken from each motion segment with a thickness
range from 0.3 to 0.9 mm and an average thickness of
0.5 mm. After each transverse cut both the exposed surface
of the disc and the transectioned slice were systematically
examined in their fully hydrated state with reflected light
microscopy. The sections were always orientated for imag-
ing such that the anterior of the disc was uppermost, a small
schematic is included in images where appropriate. The
microscopy was coupled with gentle physical probing to
help differentiate between annulus and nuclear material
where they had become intermingled.

Sample Numbers
A total of 14 motion segments from 12 ovine lumbar spines
were assigned to the present study with no particular pref-
erence given to a particular spinal level. All remaining
segments were employed for other unrelated studies. Two
other segments that were tested suffered endplate fracture
but were deliberately excluded to focus on the subtle aspects
of disc disruption and herniation.

RESULTS

Mechanical Behavior
The video recordings showed that after imposing the pre-
determined flexion the applied compression induced a for-
ward displacement (Figure 2A, B) of the superior vertebra
that was approximately equal in magnitude to that of the
axial compressive displacement (Table 1). Also, just prior to
disc failure, a faint definition of oblique fibers tilted toward
the direction of the anterior shear was observed in the lateral
disc periphery (see dashed box in Figure 2B), whereas this
was not observed after the imposition of flexion only (see
dashed box in Figure 2A). Furthermore, although only one
lateral side was imaged, it was observed in 8 of the 14 tests
that even without there being any externally visible evidence
of disc damage, an audible tearing sound coincided with a
sudden transient disturbance or ripple in the outer wall of
the lateral annulus (see Video, Supplemental Digital Con-
tent 1, http://links.lww.com/BRS/B271, which demonstrates
a faint ripple in the lateral annulus during the compression
www.spinejournal.com 1605
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Figure 2. Mechanical response of motion segment.
Images (A) and (B) show the motion segment from a
lateral view with the anterior of the disc to the left.
The facet joint (see asterisks) is obscured by soft tis-
sue. A, Motion segment in flexed posture but still
uncompressed. B, Compressed motion segment just
prior to failure. A comparison of the vertical and
horizontal positions of the tips of the black reference
lines in (A) and (B) indicates that the applied axial
compression also induced a degree of anterior shear
of the superior vertebra. Also, inspection of the lat-
eral wall in the boxed region in (A) indicated that
with flexion only, no clear fiber alignment is visible,
whereas following compression a faint taut, align-
ment of the oblique fibers tilted in the direction of
anterior shear was visible (see box in B). C,
Examples of load-displacement curves following
the imposition of flexion and the corresponding
points of initial failure (see arrows) which either
coincided with the maximum load value before a
visible drop, either large (1) or small (2), or with a
subtle discontinuity (3).

TABLE 1. Summary of Mechanical and Structural Data

Disruption
Category

Motion
Segment
(Spine-

Disc Level)

Mechanical Data
Structural Data According to

Mode of Disruption

Shown
in

Figure

Forward
Displacement
of Superior

Vertebra (mm)

Displacement
Ratio:

Forward
�

Downward

Load at
Initial
Failure
(kN)

Location of
Radial

Rupture

Location of
Annular

Disruption and
Indication of

Circumferential
Tracking (þT)

i S1-L56 1.0 0.91 7.5 PLþNE – 3A

S2-L56 1.5 1.15 10.6 PþNE – 3B

ii S3-L12 1.1 1.10 8.7 PþB 1LþT 4A–C

S4-L56 0.6 1.00 6.9 PþB 2LþT –

iii S5-L56 1.0 1.11 5.8 1L ! L/
PLþNE

– –

iv S6-L34 0.9 1.29 7.2 – 1LþT 5A, B

S7-L34 0.8 0.62 9.7 – 1LþT –

S5-L34 0.9 0.82 9.1 – 1LþT –

S8-L34 1.0 1.00 11.4 – 1LþT –

S9-L12 1.0 0.56 7.4 – 1Lþ T:
1L ! PþB

6A–D

v S10-L12 1.0 0.83 8.2 – 2LþT 7A–C

S5-L12 1.1 1.00 7.9 – 2LþT –

S11-L56 1.3 1.30 7.8 – 2Lþ T:
1L ! L/PLþNE

–

vi S12-L34 1.1 0.85 12.8 – AþT –

Average N/A 1.0 0.97 8.6 N/A N/A N/A

Modes of disruption are indicated by the transverse location and reported when externally visible by either focal bulging (þB) or nuclear extrusion (þNE). An
externally visible herniation that initiated internally at a different location is further indicated by: begin ! end locations.

1L indicates one lateral side; 2L, both lateral sides; A, anterior; B, focal bulging; L, lateral; N/A, not applicable, NE, nuclear extrusion; P, posterior; PL,
posterolateral; T, circumferential tracking.
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test) but without resulting in any obvious change in the
lateral disc periphery following the removal of the
applied compression.

The initial audible indication of disc failure in eight
samples corresponded with the maximum load attained
before a sudden drop in the load-displacement curve, either
large or small (see curves 1, 2 in Figure 2C). For the
remaining six samples initial failure was manifested as
a subtle discontinuity in the load-displacement curve
(see curve 3). Discs failed at an average load of 8.6 kN
(Table 1), and there was no significant difference in mean
initial failure load between the three spinal levels tested
(P>0.05).

Structural Response
The following six categories describe the different modes of
disruption observed:
Fig
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Two discs failed via a direct radial rupture only,
either posterolaterally or posteriorly, both resulting
in uncontained nuclear extrusion (Figure 3A, B).
Two discs exhibited focal posterior bulging, i.e.,
(ii)
Figure 3. Images of two category (i) discs that failed only via direct
radial rupture. In (A) herniation occurred via a posterolateral direct
radial rupture, and in (B) as a posterior herniation as viewed in a
transection. Both radial ruptures (see arrows) resulted in an uncon-
tained extrusion of nuclear material (see asterisks).
contained herniations (Figure 4A). In both cases this
bulging was a direct consequence of posterior radial
rupture (Figure 4B). In one of these discs there was
also clear evidence of nucleus penetrating into the
mid-annulus at one lateral side and then tracking
circumferentially within the layers causing a large
inwards-distorting bulge (Figure 4C). In the second
disc, nucleus penetrated both lateral sides. On one
lateral side there was nuclear penetration into the mid
annulus, similar to that in Figure 4C; on the other
side the nucleus had penetrated into the inner
lateral annulus and then tracked circumferentially
4. Representative images of the two
(ii) discs containing both disruption at the

nnulus and a direct radial rupture at the
. Images (A–C) are from one of these
th its externally visible ‘‘contained’’ her-
t the posterior (see asterisk in A) resulting
irect posterior radial rupture as revealed

verse sectioning (see B). Image (C) shows
leus has also penetrated into the mid lat-

ulus (arrow) and then tracked circumferen-
thin the annulus to create a large inwards-

bulge between layers (see plus sign).
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Figure 5. Example of category (iv) damage in a disc suffering lateral annular disruption of one side. Nuclear material penetrated the mid-to-
outer lateral annulus and then deflected posterolaterally (see dashed arrows in A). Transverse sectioning of this same disc but at a different
depth, combined with gentle probing, indicated that nuclear material had then tracked circumferentially deep into the posterolateral aspect
(see dashed arrows in B).
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posterolaterally some distance without further
radial penetration.
One disc had a clear lateral disruption at one side
(iii)
which propagated as a skewed radial rupture leading
to an uncontained nuclear extrusion at the lateral-
posterolateral site.
In five discs, progressive transverse sectioning
(iv)
revealed a complete absence of any direct radial
rupture. Instead, all in this group exhibited a similar
pattern of annular disruption at one lateral side
followed by circumferential nuclear tracking
between lamellae to the posterolateral aspect.
Figure 5 provides an example of this general pattern
of failure. In Figure 5A nuclear material can be seen
to migrate focally into the mid-to-outer lateral annu-
lus (i.e., fully contained) and then deflect poster-
olaterally (see dashed arrows). Gentle probing of
another transverse section from the same disc but
taken at a different depth is shown in Figure 5B and
indicates that the nuclear material had tracked deep
into the posterolateral aspect as indicated by the
sequence of dashed arrows.
One of the above five category (iv) discs exhibited a
contained posterior herniation (Figure 6A). Pro-
gressive transverse sectioning found no evidence of
any direct nuclear penetration radially into the
posterior bulge (Figure 6B, D), the only site of
penetration being the lateral inner annulus
(Figure 6B, C). Nuclear material was also found
between the outer lamellae in the posterior-postero-
lateral annulus (see dashed arrows in Figure 6D) thus
www.spinejournal.com

ight © 2017 Wolters Kluwer Health, Inc. Unauthorize
indicating that the contained posterior herniation
(see asterisks) has resulted from nuclear material
tracking circumferentially down from the site of
lateral disruption.
Three discs suffered disruptions at both lateral sides
(v)
and in all three cases nuclear material tracked cir-
cumferentially within the annular layers toward the
posterolateral aspect. The bilateral damage in one of
these discs is shown in Figure 7A, B. At one lateral
side nuclear material penetrated into the inner-to-
mid annulus (see solid arrow in Figure 7B) where it
then deflected posterolaterally (see dashed arrow in
Figure 7B). The series of dashed arrows in Figure 7C
identify the trail of nuclear material that has tracked
circumferentially from the other lateral disruption
shown in Figure 7A, eventually reaching as far as the
dashed arrow in Figure 7A. The loose nuclear
material in the posterolateral-lateral region shown
in Figure 7C has been lifted out from between the
annular layers by gentle probing.
In one of the three discs in this group, the nuclear
material that penetrated the lateral annulus tracked
circumferentially between the lamellae to the lateral-
posterolateral outer annulus where it breached the
disc to become externally visible.
One disc showed disruption of the inner annulus at
(vi)
the anterior aspect followed by circumferential
tracking of nuclear material between lamellae. There
were also minor disruptions found in the mid-to-
outer lateral and posterolateral annulus. There was
no evidence of any significant disruption of the inner
November 2017
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Figure 6. Disc with category (iv) damage showing a contained posterior herniation (see asterisks) imaged externally in (A) and in transectioned
views in (B) and (D). Also note the disruption in the lateral annulus visible in (B) and enlarged in (C) but no evidence of any direct radial
penetration of nucleus through the posterior annulus (see B and D). Dashed arrows in (D) identify nuclear material in the outer posterior-
posterolateral annulus indicating that the contained posterior herniation (asterisk) has arisen from nuclear material tracking circumferentially
down from the site of lateral disruption shown in (B) and (C).
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annular layers in the lateral regions, suggesting that
the nuclear material may have tracked from the
anterior inner annulus disruption.
Finally, in all cases in which lateral disruption occurred
(i.e., 11 out of the 14 discs analyzed) there was no visible
evidence of external bulging of the outer annulus immediately
adjacent to these lateral sites. Also, at the level of structural
resolution employed, there was no evidence of cartilaginous
endplate material being associated with the nuclear material
that had migrated specifically from the lateral annulus.
DISCUSSION
The use of an ovine lumbar model has the major advantage
of providing an adequate number of healthy motion seg-
ments, a requirement that would have been difficult to meet
had a human model been employed. Also, it is widely
accepted that the ovine lumbar spine does provide a
ght © 2017 Wolters Kluwer Health, Inc. Unau
reasonable model for investigating aspects relevant to the
human lumbar spine because of its similar anatomy,32–34

biochemistry,33 and biomechanics.35

Previously Adams and Hutton,10 employing in vitro test-
ing, demonstrated a higher incidence of herniation in human
grade 236 discs (slightly degenerate) compared to grade 1
discs (healthy), arguing that degeneration is an important
but not crucial factor. They explained the increased vulner-
ability of the slightly degenerate discs as arising from the
combination of a still hydrostatic nucleus that can then
break through the now weakened, stretched posterior annu-
lus. Although we know that healthy ovine discs can be
made to herniate,20,21 whether mild degeneration similarly
increases their vulnerability would be an interesting topic
for further investigation if a reliable source of mildly degen-
erate ovine spines were available.

The 108 of flexion was chosen both because it lies within
the range of physiological, nondamaging flexion for the
www.spinejournal.com 1609
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Figure 7. Disc with category (v) damage showing
annular disruptions and nuclear penetration at
both lateral sides (see A and B). Note that at the
lateral site shown in (B) the nuclear material that
has breached the inner-to-mid annulus (see solid
arrow) has then been deflected posterolaterally
(see dashed arrow). Progressive transverse sec-
tioning of the other lateral site revealed that
nuclear material had tracked circumferentially
(see dashed arrows in C) deep into the postero-
lateral aspect (see also dashed arrow in A). Note
that the loose nuclear material in the posterolat-
eral-lateral region shown in (C) has been lifted
out from between the annular layers by gentle
probing.
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ovine lumbar spine and, importantly, is also sufficient to
achieve disc herniations in vitro.18,20 Furthermore, 108 lies
between the flexion angles measured in each level of the
lumbar spine (ranging between 88 and 148) in an average
healthy human when moving from a standing posture to full
flexion.10,37

The mean failure load of 8.6 kN obtained in the present
study is not significantly different (P>0.05) from the pre-
viously reported 8.9 kN for herniated discs using the same
ovine model and testing conditions.20 It should be noted that
the latter study focused on the importance of the endplate
profile and utilized sagittal sections confined to the posterior
and posterolateral aspects of the disc for microstructural
analysis. In contrast, we have used progressive transverse
sectioning of the whole disc. So while our analysis is con-
fined to the macro level, the more global picture of dis-
ruption obtained has revealed a herniation pathway that
commences in the lateral annulus with the nuclear material
then tracking circumferentially to become externally evident
in the more generally acknowledged posterolateral and
posterior herniation regions (Figure 6).

In all of our tests this lateral disruption did not cause any
discernible external alteration in the lateral disc periphery
following the removal of load. Clinically, discs appearing
externally normal but containing an internal disruption
causing low back pain are described by the pathologic entity
internal disc disruption.1,2 Therefore the initial lateral dis-
ruption and circumferential tracking of nuclear material
that we have observed in our discs may well relate to a
1610 www.spinejournal.com
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mode of internal disc disruption found during discography
(Dallas Discogram Description38: grade 41,39) if it is
assumed that the clinically imaged circumferential contrast
is in fact nuclear material.

Using internal pressurization of ovine motion segments
in a neutral posture in vitro, Veres et al16,19 reported, based
on computed tomography imaging, that when the radio-
paque gel penetrated the inner annulus at the anterior,
lateral, or posterolateral aspects it then tracked circum-
ferentially within the lamellae. Furthermore, two of their
discs revealed that circumferential tracking of the injected
gel from the anterior or lateral inner annulus was the
primary pathway that appeared at the posterolateral or
posterior disc periphery without the observation of end-
plate disruption.16 These findings, based on a more global
view of damage obtained using computed tomography
imaging of the whole disc, are largely consistent with
the results of the present study in which the circumferential
tracking of nuclear material was a common occurrence.
We note too that the transient disturbance (recorded by
video, http://links.lww.com/BRS/B271) in the lateral wall is
consistent with the internal lateral annular disruption
clearly documented from our transverse sections (e.g.,
Figures 4C and 5).

The high prevalence of lateral annulus disruption
(11 discs out of 14 tested; Table 1) obtained in the present
study indicates that it is the lateral margins of the disc
that are highly vulnerable under the mechanical conditions
employed.
November 2017
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Figure 8. Schematics illustrating how anterior
shear arising from combined flexion and com-
pression influences the local response of the
annular fibers. Schematic (A) illustrates how
the oblique and counteroblique fiber sets in the
anterior and posterior regions are recruited
approximately evenly but not so in the lateral
regions. Schematic (B) compares the neutral ver-
sus the flexed and compressed posture in the lat-
eral annulus showing that anterior shear will
increase the loading on those oblique fibers tilted
in the direction of forward displacement but relax
those in the counteroblique orientation.

Flexxiioon pllaaaanne

A B
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So why does lateral disruption appear so frequently in our
flexed, compressed discs?

The imposition of flexion induced a forward displace-
ment of the superior vertebra (Figure 2A) as is known to
occur in the upper levels of the lumbar spine when flexed in
vivo.37 This is due to the center of rotation being located
slightly posteriorly and within the inferior vertebral
body.40,41 The present study has also shown that com-
pression of the flexed motion segments up to the first
indication of failure induced approximately equal amounts
of forward and downward displacement (Table 1). There-
fore a more complete mechanism of disc disruption under
the combined influence of flexion and compression
will most likely need to incorporate this anterior shear
component.

The combined influence of anterior shear and flexion on
disc failure has been discussed by Yingling and McGill.42 In
their in vitro study, pig cervical discs were loaded in anterior
shear until failure in a neutral or 108 flexed posture. While
acknowledging that their predominantly shear mode of
loading may be uncommon in vivo, their neutral posture
tests resulted in fractures across the pars interarticularis but
with added flexion they also observed endplate avulsions in
the lateral aspects. This would indicate that with the
addition of flexion the annular fibers in these lateral regions
are stressed to a level sufficient to create such avulsions.

Theoretical models representing the annulus42 or disc43

predict that anterior shear causes most deformation of the
fibers in the lateral region. More important, anterior shear
results in either an increase or decrease in the lateral fiber
strains depending on the inclination of the fiber, whereas
only minor changes are found for the anterior and posterior
fibers.43 Thus, anterior shear increases the loading on those
oblique fibers tilted in the direction of forward displacement
as seen in the lateral disc periphery just prior to failure
(Figure 2B) but relax those in the counteroblique orien-
tation. This differential recruitment means that the annular
loading in these lateral regions is being carried primarily by
only half of the annular layers.42

When considering the mechanical conditions employed
in the present study the applied flexion, compression, and
induced anterior shear will inevitably increase the loading in
Spine
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the posterior and anterior annulus. However, the oblique
and counteroblique fiber sets in these two regions will be
near-equally exposed to this loading because of their similar
orientation in relation to the direction of anterior shear
(Figure 8A). Conversely, in the lateral regions the anterior
shear will result in an uneven recruitment of the oblique and
counteroblique fibers sets (Figure 8A, B). With the increas-
ing hydrostatic nuclear pressure acting on the annulus this
uneven recruitment will increase the vulnerability to dis-
ruption of these lateral regions. This is consistent with the
high incidence of lateral disruption reported in the
present study.

Despite our observation of relatively high levels of dis-
ruption in the lateral annulus, there was little evidence to
suggest that this led to lateral nuclear extrusions via direct
radial rupture. It is entirely possible that the extensive
circumferential tracking of nuclear material from the lateral
regions reflects a path of lesser resistance created by intra-
annular weakening, this in turn arising from the uneven
recruitment of the oblique/counteroblique fiber sets.

The fact that herniations, both contained and extruded,
mainly appear externally at the posterior or postero-
lateral annulus, suggests that these two sites are more
susceptible to breaching of the outer annulus. Therefore
our findings highlight the importance of performing a
systematic structural analysis that yields a more global view
of the patterns of disc disruption and movement of nuclear
material.

Interestingly, in none of our discs was there any evidence
of cartilaginous endplate being attached to the nuclear
material that had migrated from the lateral annulus. The
present study is therefore potentially relevant to patients
who have acute sciatica due to nerve root inflammation and
compression but who, through treatment, have rapid resol-
ution of the inflammatory process and a diminution of
herniation size.44,45 This process would intuitively occur
more rapidly where there was ‘‘pure’’ nucleus migration to
the disc periphery as we have seen in the present study. In
contrast, herniated material that contains annulus, and in
particular the ‘‘harder’’ cartilaginous endplate, may well be
less likely to resolve clinically and require surgical removal
to relieve nerve root pressure.46–48
www.spinejournal.com 1611
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py
Analysis of serial transverse sections systematically
throughout the full volume of the disc provides a
more complete picture of both the site of initial
disruption and the herniation pathway.

The present study revealed an additional herniation
pathway that commences in the lateral annulus
and which, via circumferential nuclear tracking, can
become externally evident in the more generally
recognized herniation regions, namely the
posterolateral and posterior aspects.

The vulnerability of the lateral annulus to disruption
is thought to arise from the overloading of the
differentially recruited oblique/counteroblique fiber
sets as a consequence of the anterior shear
developed in the flexed, compressed motion
segment.

The present study describes a newly identified
herniation pathway and highlights the complex
nature of the mechanisms leading to actual disc
herniation.
w
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