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B Over the years, a number of authors have used differ-
ent working definitions of instability in tuberculosis of
the spine (TB spine). However, no clear consensus exists
to define instability in TB spine. The current systematic
review addresses the question ‘What defines instability in
TB spine’?

B A comprehensive medical literature search was carried out
to identify all the studies which defined instability in the
setting of spinal TB. The extracted data included the clini-
cal, X-ray and CT or MRI-based definitions.

B The current review identified lesser age, junctional region
of the spine, mechanical pain and ‘instability catch’,
kyphotic deformity above 40 degrees, pan-vertebral or
bilateral facetal involvement and multifocal contiguous
disease involving more than three vertebrae as predictors
for spinal instability in the dorso-lumbar spine.

B Cervical kyphosis more than 30 degrees and facetal or
pan-vertebral involvement were found to be the factors
used to define instability in subaxial cervical spine.

B With respect to C1-C2 TB spine, migration of the tip of the
odontoid above the McRae or McGregor line or anterior
translation of C1 over C2 were considered as determinants
for instability.

B Although definitive conclusions could not be drawn
due to lack of adequate evidence, the authors identified
factors which may contribute towards instability in TB
spine.
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Introduction

Spinal instability constitutes an important indication for
surgical stabilization in a number of spinal pathologies.
Since the time of the description of the ‘middle path
regime’ by Tuli in 1975, spinal instability has constituted
an absolute indication for surgical management in tuber-
culosis of the spine (TB spine)."2 Over the years, a num-
ber of authors have used different working definitions for
spinal instability in TB. However, no clear consensus exists
to date. Lack of a uniformly accepted working definition
for instability in TB spine creates a wide variability in the
surgical decision making in patients especially with no or
minimal neurological deficit. Moreover, lack of an objec-
tive criteria to define instability in TB spine may lead to
under-diagnosis of instability, especially in centres with
limited exposure and relative inexperience of the treating
physician. The consequences of under-diagnosis in such a
scenario may be unforgiving, particularly if complicated
with a rapid onset of neurological deficit which is found to
have a poor prognosis with respect to neurological recov-
ery. Additionally, mechanical instability is also an impor-
tant source of severe pain in TB spine and does not resolve
with anti-tubercular therapy (ATT). Therefore, it is impera-
tive to define instability in the context of TB spine. The
authors of the current article have employed a systematic
review methodology to evaluate the factors considered by
various researchers to define mechanical instability in TB
spine.

Material and methods

The current systematic review aims to addresses the ques-
tion ‘What defines mechanical instability in TB spine’?
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Table 1. Search methodology used for literature search

1. (((Tuberculosis, spine) AND Surgical indications) AND fusion, spinal) AND
Instability

(((Tuberculosis, spinal) AND Fusion, spinal) AND surgical management)
AND unstable

((Tuberculosis, spinal) AND surgical indications) AND instability
((Tuberculosis, spinal) AND Fusion, spinal) AND instability

((Tuberculosis, spinal) AND Fusion, spinal) AND collapse

((Tuberculosis, spinal) AND surgical management) OR surgical indications

((Tuberculosis, spinal) AND ((surgical management) OR surgical
indications)) AND (((collapse) OR unstable) OR instability)

N

N AW

Inclusion/exclusion criteria

The inclusion criteria were defined under three broad
categories: study population, independent variable and
outcome measured. With respect to the study population,
the studies included described patients with TB spine. The
independent variables included the epidemiological, clini-
cal and radiological parameters in patients affected by TB
spine whereas the measured outcome was considered
as the definition of spinal instability in TB spine. Studies
which did not include a clinical or radiological definition
for instability in TB spine were excluded.

Literature search to identify primary studies

A comprehensive medical literature search was carried out
to identify all the studies that matched the inclusion crite-
ria. An electronic database search of Medline and Embase
was performed using a combination of medical subject
headings (MeSH) and text words. The MeSH search terms
included “Tuberculosis, spine”, “Fusion, spinal” and
“Surgical procedures, operative” whereas the non-MeSH
terms included “Surgical management”, “Surgical indi-
cations”, “indications”, “Spine instability”, “Unstable”
and “Collapse”. Various combinations of MeSH and non-
MeSH search terms were used to carry out the literature
search as shown in Table 1. Further, reference lists from all
the included articles were searched for additional studies
that met the inclusion criteria.

Study selection

All the included studies were independently reviewed
by two reviewers (KA and PK). Both the reviewers were
fellowship-trained spine surgeons with considerable expe-
rience in the management of TB spine patients in a tertiary
care teaching hospital. A special emphasis was laid on the
description of instability in the included articles. At the first
step for screening, all the articles in languages other than
English and any duplicated articles were excluded. This
was followed by abstract review, where irrelevant stud-
ies were excluded. Finally, a detailed review of the com-
plete reports of the remaining studies was carried out to
exclude articles with no description of spinal instability.
Disagreements between the two reviewers were resolved
by including a third reviewer (Sl) followed by a discussion.

Table 2. The methodological quality assessment tool used to rate studies
derived from the literature search3

Is there a clear statement of purpose?

Was the study design a randomized controlled trial or a prospective cohort?
Was the assessor blinded?

Is the outcome defined and method of diagnosis stated?

Did the authors account for every patient (or sample) that was eligible but
was not entered?

Is the method clearly defined and replicable?

Were all patients (or samples) accounted for?

Were outcome measures relevant to the primary question?
Was statistical significance considered?

Were tests applied appropriately?

Was sample size calculated prior to study?

Were the results/conclusions clinically significant?

Quality assessment

The included studies were subject to quality assessment
by two independent reviewers after blinding the authors
and their affiliations. The quality assessment tool used
by the authors has been used previously by researchers
in systematic reviews (Table 2).3 Based on the score, the
included studies were classified in two categories — ‘good’
with scores more than 50% and ‘average’ with scores less
than 50%. Disagreements between the two reviewers
were resolved by including a third reviewer (SI) followed
by a discussion.

Data extraction

Data were extracted manually and included the clinical,
X-ray and CT or MRI-based definitions used in the included
studies to define spinal instability in TB spine (Table 3).

Statistical analysis

All the included studies were reviewed for data extraction;
however, only ‘good’ quality studies were used for final
compilation of the results to ensure valid results. Only
a systematic review could be performed due to lack of
homogenous data and high-quality randomized control
trials (RCTs).

Results

Details of the included studies

A literature search for the potential studies was carried out
in May 2020 and 435 studies were identified after exclud-
ing duplicated studies. Further, irrelevant studies and arti-
cles in languages other than English were excluded and
relevant studies from the references of the included stud-
ies were also added. Subsequently 90 studies were short-
listed for full-text analysis by the authors. Of 90 short-listed
studies, 22 studies were selected for final evaluation after
exclusion of articles with partial or no mention of the con-
cept of spinal instability (Fig. 1). Of the included studies,
four evaluated various aspects of TB in the cervical spine
whereas 18 evaluated dorso-lumbar and sacral spinal TB.
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Table 3. Included studies describing spinal instability in terms of clinical symptoms and radiological finding

Authors

Clinical criteria

X-ray criteria

CT/MRI criteria

1.

Nene A, Bhojraj S 2005+

Severe back pain,

Kyphosis in dorsal > 40 degrees

Pan-vertebral involvement as suggested on plain radiographs by
associated scoliosis, severe kyphosis, or both

Long-segment disease (more than three-vertebral-body affection) with
severe kyphosis or an increasing kyphosis in active disease. The spine
with tuberculosis is also unstable when facets and posterior complex
are destroyed along with vertebral bodies (pan-vertebral lesion).
Spinal instability score: dislocation of the facets, posterior retropulsion
of the diseased fragments, lateral translation of the vertebrae in the
anteroposterior view and toppling of the superior vertebra

Vertebral body loss of more than 1-1.5, A pre-treatment deformity
angle of greater than 30°, especially in children, cervical thoracic

and thoracolumbar junctional lesions, the presence of ‘spine-at-risk’

Instability: vertebral loss of more than 30%, translational displacement
Instability: destruction of all the 3 columns, deformity > 40°
Destruction or collapse of the vertebrae, destruction of two or more
Atlantoaxial dislocation or subluxation during the course of Step Il

Injury to the disc, there was lysis of the adjacent vertebral end plates,
resulting in collapse of the vertebrae of more than 50% (Fig. 1) or an

Kyphosis > 30° and involvement of both anterior and posterior column

Anteroposterior or lateral translation; kyphosis

AP instability — posterior arch of C1 was anterior to the extrapolated
spino-laminar line. Vertical instability (basilar impression) — tip of
odontoid process (or projected tip in cases with odontoid destruction)
was above the McRae line with gross destruction of the lateral weight-
bearing columns (lateral mass of atlas and occipital condyles).

Two of three columns involved with pathological fracture. Junctional

Pan-vertebral disease, involvement of 3 or destruction of more than
one and a half, predicted kyphosis more than 60 degrees

2. Bhojraj S, Nene A 20025 paraspinal muscle
spasm, painfully
restricted movements of
the thoracolumbar spine
and an ‘instability catch’
3. Jain AK 20026 -
4. Jain AK 20107
5. Jain AK, Dhammi IK 20078 -
6. Rajasekaran S 2001° -
7. Rajasekaran S 201310 An age below 10 years
8. Rajasekaran S 2012"
radiological signs
9. Shetty AP et al 201772 -
and kyphosis of more than 30 degrees
10. Chandra SP et al 20133 Severe incapacitating
pain
11. Jutte PC, van Loenhout- -
Rooyackers JH 20064 vertebrae, or kyphosis of more than 30°
12. HouKetal 2015
13. HeMetal 2014'¢ Cervical kyphosis > 30°
14. Dijientcheu VP et al 201317
associated deformity
15. Mehta JS, Bhojraj SY 200118
at the same level
16. Kandwal P et al 20120
17. Chaudhary K et al 201220
18. Jain AK, Jain S 20122
area (CD, DL, LS)
19. Jain AK 200822
20. Bapat MR et al 200723

Atlanto-dens interval of more than 8 mm was observed in all cases

(range 8—16 mm). A vertical migration was considered significant if the

dens was located 4 mm above the McGregor line (n = 16). Rotatory
dislocation was seen on the open mouth radiograph.

The CT and MRI scans
show global destruction
of the vertebral body
CT/MRI shows
destruction of anterior
and posterior column of
the vertebral bodies

Severe cord compression
(> 50%)

21. Christodoulou AG et al 20062*
22. Nussbaum ES et al 199525

Structural destruction of the anterior and middle vertebral columns
Extensive destruction of vertebral body

Methodological qualitative assessment

Of the included 22 articles, three were narrative reviews
and 19 were found to be clinical studies. All 19 studies
were classified as good by the reviewers, however, most
of the studies had glancing lacunae such as lack of a pro-
spective or an RCT design, ambiguities in inclusion and
outcome criteria and limited information about loss to
follow-up. Moreover, none of the studies evaluated the
instability in TB spine as the primary objective.

Features attributed to instability in selected studies (Table 4)
Age

Rajasekaran has considered young age to be an important
predictor for the progression of deformity. The immatu-
rity and flexibility of paediatric spine may render spine
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unstable even in the presence of minor deformity and con-
sequently may lead to progressive kyphosis especially in
the presence of ‘spine at risk’ signs (Fig. 2)." He identified
three categories of paediatric spinal TB based on progres-
sion of kyphosis — Type 1 showing an increase in deform-
ity until growth had ceased, Type 2 showed a decrease in
the deformity with growth whereas Type 3 showed mini-
mal change in active or healed phases and was seen with
limited destruction.%.26 Finally, paediatric patients with TB
spine were found to have a higher degree of deformity at
presentation and a greater tendency of collapse during the
active phase of the disease.’

Location of the disease

The region of the spine involved was considered an
important predictor for spinal instability in four of the 22
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Fig. 1 PRISMA flowchart for study selection.
Table 4. List of factors predictive of spinal instability in tuberculosis of the spine
Variables Risk Number of times discussed in literature
Age Higher in younger age 3
Location (junctional, cervico-dorsal, dorso-lumbar, lumbo-sacral) Higher in junctional region 4
Pain (mechanical on loading and movements, relieved on recumbency) Higher with more pain 2
Pan-vertebral involvement (suggested by translation or scoliosis or direct Higher 9
evidence on CT/MRI)
Kyphosis Higher with increasing deformity 8
Multilevel-contiguous (more than three levels involved) Higher 2

articles by three different authors. The presence of spinal
TB with vertebral destruction at the junction between a
rigid and a flexible region of spine such as the cervico-
dorsal, dorso-lumbar or lumbo-sacral regions of the spine
led to exaggerated displacements under normal axial or
rotatory movements leading to significant pain or neuro-
logical deficit (Fig. 2).

Clinical features

Of 22, two articles were found to describe diagnosis of
instability on a clinical basis. Nene and Bhojraj in their

articles describing management of dorsal and lumbo-
sacral TB focussed on clinical findings such as severe
back pain, paraspinal muscle spasm, painful restriction
of movements and an ‘instability catch’ as described
previously for degenerative spinal pathologies to diag-
nose instability. Instability catch has been described as
a sudden painful ‘snap’ that occurs when one extends
from a forward bent to an upright position.?” In their
series, they diagnosed the presence of instability using
clinical features in about 10-13% of their patients with
TB spine. Other researchers have clinically defined
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Fig. 2 Thirteen-year-old girl with tuberculosis of the spine

(TB spine) demonstrating ‘spine at risk’ signs such as lateral
translation and facet separation/subluxation at the transitional
dorso-lumbar region suggesting TB spine instability. The

girl presented without any neurological deficits, but should
undergo surgical stabilization.

instability by the presence of persistent pain or pain on
spinal loading.

Kyphosis (Fig. 3)

Kyphotic deformity in TB spine constitutes an important
indication of surgical stabilization. Progressive failure of
the anterior column due to the disease process and repeti-
tive loading may eventually lead to the failure of a healthy
posterior column resulting in spinal instability. Different
researchers have considered different degrees of kyphotic
deformity as a cut-off for spinal fixation. Chandra et al and
Nene et al have taken 40 degrees whereas Jutte et al have
considered 30 degrees of pre-treatment kyphosis as a cut-
off for spinal fixation. Jain et al on the other hand have
considered a predicted kyphotic deformity of 60 degrees
calculated at the start of the treatment using the formula
Y =a+ bx (where Y represents the final predicted kyphosis,
a’ and ‘b’ are constants and x represents the initial loss of
vertebral height) in the thoracic and thoraco-lumbar spine
as an indication for surgery.?2.28 Rajasekaran also consid-
ered a pre-treatment kyphosis of 30 degrees, especially
in the paediatric population, as an indication for surgical
stabilization.™°

Number of involved vertebrae

Multilevel contiguous TB spine has also been consid-
ered as an important indicator of instability by various
researchers. Number of involved or destroyed vertebrae
at the beginning of the treatment has been shown to
correlate with the final kyphosis in the natural history of
progression in TB spine and, therefore, to indirectly affect
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Fig. 3 Eighteen-year-old boy with dorso-lumbar tuberculosis of
the spine (TB spine). The boy presented with intact neurology
but involvement of posterior elements and facet joints imparts
significant instability to the spine. Also note the significant
kyphosis at the dorso-lumbar junctional region. Surgical
stabilization is necessary to prevent progression of deformity
and neurological complications.

the spinal stability. Jain et al considered involvement of
three or more vertebrae or destruction of more than one
and a half vertebrae as ‘long-segment disease’ and indica-
tors of spinal instability.?2 Rajasekaran described different
types of collapse and subsequent restabilization of verte-
brae based on the amount of vertebral body destruction.
Vertebral body loss of more than 0.75 was considered as
an indicator of facet joint disruption and unstable spine.
Jutte et al described unstable spine as involvement of
more than two vertebrae, whereas in a paradiscal disease
destruction of more than 50% of both the involved verte-
brae was considered as unstable by Djientcheu et al.’17

Facet joint involvement/pan-vertebral disease (Fig. 3)

Involvement of all three columns of the vertebrae in the
form of pan-vertebral disease or facet joint destruction
by the disease process was the most widely used criteria
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Fig. 4 A 38-year-old lady with tuberculosis of the cranio-vertebral junction. Notice increased atlanto-axial distance with scoliosis at
the pathological site. The lesion is unstable and should be stabilized surgically.

to define instability. Pan-vertebral involvement as indi-
cated by lateral or antero-posterior translation, scoliosis
or severe kyphosis in radiographs was considered as an
indication for surgery by a number of researchers.”.18,19.21
Others considered involvement of facet joints as evident
in CT/MRI findings or facet joint subluxation or disloca-
tion an important indicator of pan-vertebral involvement
and spinal instability.>2° Rajasekaran analysed the natural
history of kyphosis in TB spine in the paediatric popula-
tion and introduced the four ‘spine at risk’ signs includ-
ing dislocation of the facets, posterior retropulsion of the
diseased fragments, lateral translation of the vertebrae in
the anteroposterior view and toppling of the superior ver-
tebra. Presence of two or more signs signified instability
in children.%10

Instability in cervical spine TB (Fig. 4)

Of 22, four studies defined instability in cervical spine TB.
Chaudhary et al defined instability in C1-C2 TB as migra-
tion of the C1 posterior arch anterior to the extrapolated
spino-laminar line, migration of the tip of the odontoid (or
projected tip in cases with odontoid destruction) above
the McRae line with gross destruction of lateral weight-
bearing columns. Bapat et al considered an atlanto-dens
interval more than 8 mm or migration of the odontoid tip
4 mm above the McGregor line as unstable. With respect
to the subaxial spine, He et al considered cervical kyphosis
of more than 30 degrees indicative of instability, whereas
Hou et al described facetal subluxation or dislocation with
cervical kyphosis as unstable.

Discussion

The management strategy for TB spine has been contro-
versial, more so in patients without significant neurologi-
cal deficit. The introduction of the ‘middle path regime’
by Tuli in 70s marked an important event in formulating
the widely followed management guidelines that are prac-
ticed today.? The regime spoke of TB spine as a primar-
ily medical disease to be managed with anti-tubercular
therapy and bed rest, whereas surgery was reserved for
patients who showed no clinical or neurological improve-
ment or worsening on conservative management.! The
other indications described in the regime included pos-
terior spinal disease, doubtful diagnosis or instability.?
Despite its excellent results, there were some glancing
lacunae and ambiguities in the described regime. A major
shortcoming was the lack of an objective criteria to define
the surgical indications, particularly in patients without
significant neurological deficit. For instance, the authors
defined spinal instability as an indication for surgery
under the regime, however, the authors have not clearly
defined what constitutes instability. Since then a number
of authors have used various clinical and radiological cri-
teria to define spinal instability in TB spine. However, no
clear consensus exists with respect to a working definition
for instability in TB spine. This ambiguity is an important
factor responsible for wide variability in surgical decision
making among surgeons. The current systematic review
evaluates clinical and radiological parameters used by
various researchers to define instability in TB spine. The
Cochrane Review Group has accepted systematic reviews
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as an important study methodology for answering a spe-
cific scientific question by objectively summarizing the
body of literature.3°

Instability is a mechanical entity, and an unstable struc-
ture that is not in an optimal state of equilibrium.3’ With
respect to the spine, broadly, spinal stability is regarded
as the ability of the spine to maintain its alignment and
protect the neural structures under normal physiological
loads. This definition is a general definition encompass-
ing all spinal pathologies. The concept of spinal stability
in traumatic conditions of the spine was introduced in the
Watson-Jones classification in 1931 and then by Nicoll in
1949.3233 Denis in 1983 introduced the three-column the-
ory of the spine to define instability.3* A number of other
theories along with the above-mentioned theories paved
the way for the currently practiced TLICS (thoraco-lumbar
injury classification severity score) which indirectly rep-
resents a stable or an unstable spine. Punjabi and White
introduced a checklist to score spinal instability which
is currently widely used to evaluate instability in degen-
erative conditions.3> Similarly, to evaluate instability in a
metastatic spine disease, SINS (spinal instability neoplas-
tic score) was developed by Fisher et al.3¢ However, none
of the classifications or scoring criteria can be applied to
TB spine to objectively evaluate spinal instability owing to
the uniqueness and complexity of the disease.

Demographic factors

In the current study, age and location of the lesion were
identified as the two most important demographic factors
contributing to instability in TB spine. Vertebral destruc-
tion at a younger age leads to progressive deformity in a
significant proportion of patients owing to the flexibility
and ligamentous laxity of the paediatric spine.?8 Age less
than 10 years was found by Rajasekaran to be an impor-
tantindependent predictor for ‘buckling collapse’ in post-
tubercular kyphosis.’™ With respect to location, TB spine
of the junctional region was considered an important fac-
tor to determine instability. Junctional region of the spine
represents the junction of a highly mobile spine segment
with a relatively immobile segment and is characterized
by higher stresses and displacement as compared to
non-junctional spine. TB spine at cervico-dorsal or dorso-
lumbar regions of the spine have a higher propensity for
progression due to the resultant instability.

Clinical factors

Clinical symptoms such as mechanical back pain, pain
associated with movement or loading and relief with
recumbency are identified as important predictors of spi-
nal instability. However, in the current review, the use of
clinical symptoms for diagnosis of spinal instability was
limited to only two articles. Nene and Bhojraj diagnosed
spinal instability in TB spine on the basis of presence or
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absence of clinical symptoms such as severe back pain,
paraspinal muscle spasm, painfully restricted movements
of the thoracolumbar spine and an ‘instability catch’.#
Although persistent pain not resolving with a trial of ATT
for four to eight weeks has been addressed as instability
pain by a few researchers, the authors have not included
this definition in the review.',2:21,37,38 Spinal instability in TB
spine is an emergent and absolute indication for surgery
and a trial of four to eight weeks of medical management
is unreasonable, especially considering the associated
potential complications. Therefore, the diagnosis of spinal
instability in TB spine and subsequent surgical stabiliza-
tion should be carried out as early as possible.

Radiological factors

A number of radiological features have been defined in
various spinal pathologies to address and diagnose spi-
nal instability. The current review shows similar results
with respect to the number of articles considering various
radiological features as diagnostic criteria for spinal insta-
bility in spinal TB. The involvement of facet joints and the
posterior column leading to a pan-vertebral involvement
was found to be the most widely used criteria to define
instability in the present study. Pan-vertebral involvement
can be identified in plain radiographs as disturbed sagit-
tal or coronal alignment such as severe kyphosis, scoliosis
or antero-posterior or lateral translation.>19.37 Rajasekaran
defined the ‘spine at risk’ signs as predictors for progres-
sion of deformity in the paediatric age group. The risk
signs indirectly signify pan-vertebral involvement and spi-
nal instability.® A few researchers considered CT or MRI
findings suggestive of global destruction of vertebrae or
bilateral facet joint destruction for the diagnosis of spinal
instability.>21

With respect to kyphosis, different researchers consid-
ered varying degrees of deformity as the cut-off for surgi-
cal stabilization. Destruction of the vertebral bodies due to
the disease process results in failure of the anterior column
and subsequent kyphosis. The amount of destruction of
the vertebral bodies is directly proportional to the amount
of deformity. Progression of deformity due to various fac-
tors such as disturbed biomechanics and loading charac-
teristics, subsequent spinal growth and the magnitude of
initial deformity indirectly indicates spinal instability. To
summarize, an initial kyphotic angle of 40 degrees or pro-
jected kyphotic angle of 60 degrees was considered as the
cut-off for defining instability. Apart from kyphosis, mul-
tilevel contiguous TB spine involving over three bodies or
leading to a destruction of more than one and a half bod-
ies were also considered as criteria for defining instability.8

Instability in cervical spine TB

Criteria used to define instability in C1-C2 TB spine were
described in two articles. Both the articles used routine
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craniovertebral junction landmarks such as distance of the
tip of the odontoid from the McRae line or the McGregor
line to define instability. One study considered migration
of the posterior arch of the atlas anterior to the spino-lam-
inar line, whereas the other considered an atlanto-dens
interval of more than 8 mm for defining instability. None
of the studies defined instability using clinical criteria. Lit-
erature defining instability in the subaxial spine was rather
limited an insufficient. A cervical kyphosis of 30 degree
was found to be the only criteria considered for defining
instability.

The current review brings to light several lacunae in
the literature with respect to defining instability in TB
spine. Instability is a biomechanical entity and good
quality evidence is now possible using computational
biomechanics techniques such as finite element analy-
sis. Further, subaxial cervical spine TB is a relatively unre-
searched entity, and more evidence is needed to define
spinal instability. Early identification of instability in TB
spine is crucial for both treating physicians and patients.
Expedited surgical stabilization can prevent many poten-
tial troublesome complications in such patients. Addi-
tionally, identifying the factors to determine instability
may provide the necessary assistance to the relatively
inexperienced surgeon for surgical decision making in
patients with unstable spinal TB.

Conclusion

Various researchers have defined instability using clini-
cal and radiological criteria. The current review identified
lesser age, junctional region of spine, mechanical pain and
‘instability catch’, kyphotic deformity above 40 degrees,
pan-vertebral or bilateral facetal involvement and multifo-
cal contiguous disease involving more than three verte-
brae as predictors for spinal instability in the dorso-lumbar
spine. Cervical kyphosis more than 30 degrees and facetal
or pan-vertebral involvement were found to be the fac-
tors used to define instability in the subaxial cervical spine.
With respect to C1-C2 TB spine, migration of the tip of
the odontoid above the McRae line or the McGregor line,
or anterior translation of C1 over C2 were considered as
determinants for instability.
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