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Abstract
Study Design: Retrospective cohort.
Objective: To radiographically evaluate Craniovertebral junction (CVJ) tuberculosis infection pathogenesis and to propose a
modification to the Lifeso classification.
Methods: A cohort of patients with radiologically or microbiologically identified CVJ tuberculosis treated at a single tertiary
referral center in a TB endemic area was queried for characteristics about clinical presentation, treatment, and radiographic
evidence of bone destruction and abscess formation were included. Disease was classified according to the Lifeso grading system
and bony lesions were classified as either type 1 (preservation of underlying structure) or type 2 (damage of underlying structure).
Results: 52 patients were identified (mean age 28.5 ± 13.4yr, 48% male; 14% with a prior history of tuberculosis). All presented with
neck pain at presentation, 29% with rotatory pain, and 37% with myelopathy. Comparison by Lifeso type showed Lifeso III lesions had
longer symptom durations (P = .03) and more commonly had periarticular or predental abscess formation (P < .05), spinal cord
compression (P < .01), and more commonly involved the C2 body and atlanto-dental joint. Underlying bony destruction was more
common for lesions of the lateral atlantoaxial joints and atlanto-dental joints in Lifeso III cases than in either Lifeso I or II (all P < .05).
Conclusions: The radiologic findings of the present series suggest CVJ TB infectionmay originate in the periarticular fascia with
subsequent invasion into the adjacent atlanto-dental and lateral atlantoaxial joints in later disease. To reflect this proposed
etiology, we present a modified Lifeso classification to describe the radiologic pathogenesis of CVJ TB.
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Background

First reported by Kracht in 1950,1 tuberculosis (TB) infection
of the craniovertebral junction (CVJ) is rare and accounts for
less than 1% of all spinal tuberculosis.2-4 The spectrum of
radiological presentation of CVJ TB ranges from abscess
formation to frank atlantoaxial instability with proximal
translocation of the odontoid.5 Similarly, clinical presentation
varies from neck pain with stiffness to severe neurological
deficits due to upper cervical spinal cord compression.3,6,7

The management of CVJ TB is controversial. It is clear that
uncomplicated early infections can be treated effectively with anti-
tuberculosis chemotherapy and that severe neurological deficits in
later stages of the disease require surgery. However, there is

Creative Commons Non Commercial No Derivs CC BY-NC-ND: This article is distributed under the terms of the Creative Commons
Attribution-NonCommercial-NoDerivs 4.0 License (https://creativecommons.org/licenses/by-nc-nd/4.0/) which permits non-commercial
use, reproduction and distribution of the work as published without adaptation or alteration, without further permission provided the
original work is attributed as specified on the SAGE and Open Access pages (https://us.sagepub.com/en-us/nam/open-access-at-sage).

1Department of Orthopaedic Surgery, PD Hinduja Hospital and Medical
Research Centre, Mumbai, India
2Department of Neurosurgery, Johns Hopkins University School of Medicine,
Baltimore, MD, USA
3Department of Neurosurgery, Mayo Clinic, Rochester, Rochester, MN, USA
4Department of Orthopaedics, Lokmanya Tilak Municipal Medical College and
General Hospital, Mumbai, India
5Department of Orthopaedics, King Edward VII Memorial Hospital, Mumbai, India
6Department of Neurosurgery, Zucker School of Medicine at Hofstra, Long
Island Jewish Medical Center and North Shore University Hospital, Northwell
Health, Manhasset, NY, USA
7Department of Orthopaedic Surgery, New York Orthopaedic and Spine
Center, Northwell Health, Great Neck, NY USA

Corresponding Author:
Kshitij Chaudhary, Department of Orthopaedic Surgery, PD Hinduja
Hospital and Medical Research Centre, SVS Rd, Mahim West, Shivaji Park,
Mumbai, Maharastra 400016, India.
Email: chaudhary.kc@gmail.com

https://us.sagepub.com/en-us/journals-permissions
https://doi.org/10.1177/21925682221074671
https://journals.sagepub.com/home/gsj
https://orcid.org/0000-0002-4879-1636
https://orcid.org/0000-0001-8012-860X
https://orcid.org/0000-0001-7604-434X
https://orcid.org/0000-0002-8701-0740
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://us.sagepub.com/en-us/nam/open-access-at-sage
mailto:chaudhary.kc@gmail.com


controversy over how best to treat patients who present with
significant instability or deformity but do not have a neuro-
logical deficit. Some suggest conservative therapy irrespective
of the destruction and deformity,6,8 while others suggest ag-
gressive surgical debridement and stabilization.9 Several
treatment algorithms have been published. However, the use-
fulness of these classifications is limited by their complexity or
failure to account for the deformities, such as proximal
translocation of the odontoid, often seen in this infection.3,6,7

As with any disease, a fair understanding of the patho-
genesis of CVJ TB infection is mandatory to propose a rational
treatment algorithm that is inclusive of all possible clinical-
radiological presentations. To our knowledge, there are no
studies that explain the pathogenesis of CVJ TB. Therefore, in
this study, we hope to piece together a chain of events that
illustrate the pathogenesis of CVJ TB by analyzing MRIs of
patients who presented to us in different stages of the in-
fection. Armed with this knowledge, we propose modifica-
tions to the Lifeso staging system,10 which is the most popular
radiological staging classification in the literature.

Methods

After obtaining institutional approval, we retrospectively re-
viewed a series of 68 consecutive patients treated for CVJ
tuberculosis at a single center over a 12-year period. The IRB
deemed the present study as not meeting the definition of
humans subjects research. The diagnosis of CVJ TB was based
either on microbiological confirmation by a positive culture of
Mycobacterium tuberculosis (n = 18), or histopathological
evidence of caseating granulomas (n = 28). For those with
inconclusive biopsy (n = 22), the diagnosis was based on typical
clinico-radiological presentation with a positive response to
anti-tuberculous therapy, as used by other groups.3,11 Tissue/
abscess sampling was performed via a transoral or CT-guided
biopsy for conservatively treated patients, or via intraoperative
open biopsy in those treated surgically. Ten patients were
excluded from the analysis due to inadequate documentation of
pre-treatment records. In addition, 6 patients did not have any
recorded follow-up visits, and were not included in the analysis.
The remaining 52 patients with aminimum of 2 years of follow-
up were included and are reported in the analysis.

Clinical Records

Data was collected regarding presenting symptoms and signs.
Neurological involvement was graded using Frankel grades.12

All patients, with the exception of 4 patients with multidrug-
resistant infection, were treated with a standard regimen of
anti-tuberculosis therapy (ATT) for 9–12 months as recom-
mended by the consulting infectious disease specialist.

Imaging Records

Pre-treatment imaging includes AP and lateral cervical spine
radiographs and magnetic resonance imaging (MRI) in all

patients. T1-weighted and T2-weighted sagittal and axial
images, and short-tau inversion recovery (STIR) coronal
images were available in all patients. CT scans were also
obtained by the treating physician when it was felt clinically
necessary (n = 38). Dynamic C-spine radiographs to assess
atlantoaxial instability (AAI) were attempted in all patients.
Only extension views were attempted in those with neuro-
logical deficits [to assess reducibility], while flexion and
extension views were attempted in all other patients. For all
patients with evidence of subluxation on lateral films, we also
attempted reduction with traction under anesthesia. This was
used as the ultimate classifier for instability in the present
series.

Volumetric images were interpreted by 2 surgeons and a
fellowship-trained neuroradiologist with discrepancies re-
solved by consensus. Fifteen anatomical regions were ex-
amined for evidence of osteomyelitis, with each graded as type
1 (preserved regional structure and function) or type 2 (lesions
with associated structural collapse). Bony lesions were ad-
ditionally classified as having articular surfaces (i.e., occipital
condyles, C1 lateral masses, C1 anterior arch, odontoid, C2
superior facets) or lacking articular surfaces (i.e., clivus,
occipital squama, posterior C1 arch, C2 arch, C2-4 bodies).
Abscess location was documented with respect to the pre-
vertebral fascia, buccopharyngeal fascia, and dura.

Instability

Instability was classified as antero-posterior (AP), rotational,
or vertical. AP instability was defined by an increase in
atlanto-dental interval (ADI) of > 3 mm (adults) or > 5 mm
(children < 12 years old). In patients with either odontoid or
C1 arch destruction, AP instability was defined by anterior
translation of the posterior arch with respect to the spino-
laminar line.13 Rotatory instability was subclassified as with or
without concomitant AP instability. Vertical instability or
proximal translocation of the odontoid (basilar impression)
was diagnosed when the tip of odontoid process was above the
McRae line.14 In cases with odontoid destruction, vertical
instability was diagnosed by noting the position of the pro-
jected tip of the odontoid process in relation to the McRae line
(Figure 2).

Statistical Analysis

Data was collected using Microsoft Excel (Redmond, WA)
and analyzed using Statistic v13.3 (TIBCO, Palo Alto, CA).
Data is reported as mean ± standard deviation for continuous
variables and counts with percentages for ordinal, dichoto-
mous, and categorical variables. Univariable statistics were
performed using Mann–Whitney U tests for continuous data,
Fisher-exact tests for dichotomous variables, and χ2 tests for
categorical data. Clinical symptoms and bony involvement
were compared between Lifeso stage I, II, and III lesions using
analysis of variance (ANOVA) χ2 tests. Pairwise comparisons
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were made using Fisher-exact tests and Tukey tests for honest
significant differences. Statistical significance was defined by
P < .05.

Results

Clinical Presentation

Of the 52 patients (Table 1), mean age was 28.5 ± 13.4 years,
48.1% were male, and 13.5% had a known history of tu-
berculosis prior to presentation. Average symptom duration at
presentation was 4.0 ± 2.3 months. All patients presented with
pain and stiffness in the neck, and 15 (28.8%) had torticollis.
Nineteen (37%) of patients had symptoms of myelopathy at
baseline, with an average duration of 0.8 ± 0.8 months. Two
patients had hypoglossal nerve palsy and 3 patients presented
with shortness of breath and dysphagia due to large pre-
vertebral abscesses.

Abscess Localization

Forty-seven patients (90.3%) had radiographic evidence of
abscesses with 5 (9.6%) having only granulation tissue sur-
rounding the CVJ. In all patients, the abscesses or granulation
tissue were located within the confines of the prevertebral
fascia investing the cervical vertebrae and paraspinous mus-
cles (Figure 1A-G). Extension of the prevertebral abscess to
the epidural space (25%), posterior aspect of the CVJ (19.2%),
and posterior triangle of the neck were noted (23.1%).
However, abscesses were never located in the retropharyngeal
space, bounded by the buccopharyngeal and prevertebral
fascial layers, and remained within the confines of the deep
layer of the deep cervical fascia prevertebral fascia).

Localization of Osteomyelitis

Of the 780 possible anatomical sites (15 sites/patient × 52
patients), 321 (41%) had radiological evidence of osteomy-
elitis. Of these 321 sites, 254 (79.1%) were classified as type 1
and 67 (20.8%) as type 2. The most common site of in-
volvement was the odontoid (92.3%) followed by the C1
lateral masses, C2 body, and C2 superior faces, anterior C1
arch, and occipital condyles. Anatomical areas that did not
contribute to the synovial joints of the occipitocervical and
atlantoaxial regions were infected at much lower rates than
those with articulating surfaces (15.9 vs 62.9%; Table 1). Type
2 lesions were significantly more common in regions with
articulating surfaces than in those without articulating surfaces
(14.4% vs 1.9%; P < .01), suggesting that articular surfaces
were more severely involved.

Instability

Eighteen (34.6%) of patients did not have any demonstrable
instability, whereas 34 (65.4%) had antero-posterior (AP)

Table 1. Demographics, treatment, and outcomes of the 52
included patients.

Variable
Mean ±
SD n (%)

Demographics
Age (yr) 28.5 ±

13.4
—

Sex (% male) — 25 (48.1)
History of TB prior to presentation — 7 (13.5)

Symptoms
Duration of symptoms (mo) 4.0 ± 2.3 —

Pain — 52 (100)
Pain with rotation — 15 (28.8)
Torticollis — 15 (28.8)
CN XII dysfunction — 2 (3.8)
Dysphagia — 4 (7.7)
Respiratory distress — 3 (5.8)
Myelopathy — 19 (36.5)

Preoperative Frankel Score
E — 33 (63.5)
D — 7 (13.5)
C — 8 (15.3)
B — 4 (7.7)
A — 0 (0)
Bladder sphincter dysfunction — 8 (15.4)
Bowel sphincter dysfunction — 3 (5.8)
Duration of neuro deficits (mo, n = 19) — 0.8 ± 0.8

Radiographic data
Lifeso Stage
1 — 18 (34.6)
2 — 15 (28.8)
3 — 19 (36.5)
Abscess — 47 (90.3)
Retropharyngeal — 0 (0)
Prevertebral — 47 (90.3)
Paravertebral — 10 (19.2)
Preclival — 39 (75)
Periodontoid/predental — 36 (69.2)
Posterior CVJ — 10 (19.2)
Epidural space — 13 (25)
Posterior triangle of neck — 12 (23.1)
Spinal cord signal change — 12 (23.1)
Bone involvement 780 sites
# Of articular surfaces involved (n = 416) — 262 (62.9)
# Of nonarticular surfaces involved (n =

364)
— 58 (15.9)

Instability
ADI (mm) 5.7±4.0 —

Anterior dislocation — 34 (65.4)
Rotatory dislocation — 15 (28.8)
Vertical dislocation — 10 (19.2)

Key: CVJ—craniovertebral junction; hr—hour; IOBL—intraoperative blood
loss; mL—milliliter; mm—millimeter; mo—month; SD—standard deviation;
yr—year; §Patient who died during perioperative period had preoperative
neurological deficit and preoperative torticollis.
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translation suggesting instability. Of these 34 patients, 15 had AP
instability due to incompetence of the transverse atlantal ligament
(TAL), while the remaining 19 had instability due to bony de-
struction of theCRVJ joints.Of the latter 19, nine hadAP instability
due to pathological odontoid fracture (n = 7 or resorption of the
odontoid process (n = 2). The remaining 10 had additional vertical
instability due to destruction of the lateral bony pillars of the CVJ,
defined by the occipital condyles, C1 lateral masses, and C2 su-
perior facets. Six of these had concomitant resorption of the
odontoid process. Rotatory instability was observed in 15 patients
(29%).

Based upon this, 3 distinct radiological stages were
identified. Stage I lesions were those without radiographic
instability within an intact TAL and intact CVJ bony
structures. Stage II lesions showed AP instability without
vertical instability. TAL incompetence was noted; however,
the lateral bony pillars (occipital condyle-C1 lateral mass-C2
superior facet) and the atlanto-dental pivot joint structure
were intact. In stage III, AP instability with or without
vertical instability was noted. There was gross structural

damage to either the atlanto-dental pivot joints or lateral
bony pillars. Rotatory deformity could occur in any stage;
however, only in stages II and III is it accompanied by AP
instability.

Analysis of Presentation by Lifeso Stage

Clinical Presentation. Comparisons of clinical characteristics
showed several differences across the 3 stages (Table 2).
Symptom duration was longest for stage III patients (P =
.03). Rates of myelopathy were significantly higher
amongst patients with stage II or III lesions as compared to
stage I (both P < .01). None of the stage I patients presented
with myelopathy, whereas 8 stage II patients (53%) and 11
stage III patients (57%) had evidence of myelopathy. In all
cases, spinal cord compression was due to either instability,
deformity, or a combination of the two. Of the 14 patients
with epidural abscesses, 8 had myelopathy. However, in
none of these patients could myelopathy be attributed to the
epidural abscess alone, as all had concomitant instability or

Figure 1. Abscess localization. (A) Axial T2-weighted MRI of patient with early-stage disease shows abscess formation within the
prevertebral space, causing ventrally displacement of the prevertebral musculature (longus colli, longus capitis). (B) As the abscess expands,
it predominately localizes around the synovial joints of the CVJ including the peridental region, (C) but it may also track laterally and through
the neural foramina into the epidural space. (D, E) Sagittal T2-weighted MRI images demonstrate expansion of the prevertebral abscess,
elevating the prevertebral muscles without violating the prevertebral fascia at any stage. (F) Coronal MRI showing a large, cold abscess that
has tracked along the neurovascular bundles into the posterior triangle of the neck, which presents as a swelling on examination. G) Axial MRI
showing the same abscess in the posterior triangle of the neck.
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Table 2. Comparison of clinical presentation, abscess location and bony involvement, and lesion severity by Lifeso stage in the 52 included
patients.

Lifeso Stage

Across
Groups

Pairwise Comparison

I II III I vs II I vs III II vs III

N 18 15 19 — — — —

Demographics and clinical data
Age (yr) 28.8 ± 11.0 26.5 ± 14.2 29.8 ± 15.1 .77 .87 .98 .76
Sex (M) 10 (55.6) 6 (40) 9 (47.4) .67 .49 .75 .74
Symptom duration (mo) 3.5 ± 2.5 3.2 ± 1.4 5.1 ± 2.2 .03 .92 .08 .04
History of TB prior to presentation 3 (16.7) 1 (6.7) 3 (15.8) .66 .61 >.99 .61

Clinical data
Clinical Symptoms
Pain 18 (100) 15 (100) 19 (100) >.99 >.99 >.99 >.99
Pain with rotation 2 (11.1) 6 (40) 7 (36.8) .12 .10 .12 >.99
Torticollis 3 (16.7) 5 (33.3) 7 (36.8) .36 .42 .27 >.99
CN XII dysfunction 0 (0) 0 (0) 2 (10.5) .16 >.99 .49 .49
Dysphagia 0 (0) 1 (6.7) 3 (15.8) .19 .45 .23 .61
Respiratory distress 0 (0) 1 (6.7) 2 (10.5) .38 .45 .49 >.99
Myelopathy 0 (0) 8 (53.3) 11 (57.9) <.01 <.01 <.01 >.99
Frankel grade <.01 <.01 <.01 .12
E 18 (100) 7 (46.7) 8 (42.1)
D 0 (0) 3 (20) 4 (21.1)
C 0 (0) 5 (33.3) 3 (15.8)
B (0) (0) 4 (21.0)
Bladder sphincter dysfunction 0 (0) 2 (13.3) 6 (31.6) .03 .20 .02 .26
Bowel sphincter dysfunction 0 (0) 2 (13.3) 1 (5.3) .26 .20 >.99 .57
Radiographic characteristics
Abscess 17 (94.4) 14 (93.3) 16 (84.2) .52 >.99 .60 .61
Periodontoid/predental 6 (35.3) 14 (100) 16 (100) <.01 <.01 <.01 .61
Posterior CVJ 1 (5.8) 2 (14.2) 7 (43.7) .04 .58 .04 .24
Epidural space 0 (0) 3 (21.4) 10 (62.5) <.01 .08 <.01 .08
Posterior triangle of neck 2 (11.7) 2 (14.2) 8 (50) .05 >.99 .06 .13
Granulation only 1 (5.6) 1 (6.7) 3 (15.8) .52 >.99 .60 .61
Spinal cord signal change 0 (0) 4 (27.0) 8 (42.1) <.01 .03 <.01 .48
Epidural compression 0 (0) 14 (93.3) 18 (94.7) <.01 <.01 <.01 >.99
Bone involvement
# Anatomical sites 270 225 285 — — — —

# Nonarticular bony surfaces studied 126 105 133 — — — —

# Nonarticular sites with OM 11 (8.7) 10 (9.5) 37 (27.8) <.01 >.99 <.01 <.01
Clivus 1 (5.6) 3 (20) 6 (31.6) .13 .31 .09 .70
Occipital squama 0 (0) 0 (0) 0 (0) >.99 >.99 >.99 >.99
C1 posterior arch 0 (0) 0 (0) 1 (5.3) .41 >.99 >.99 >.99
C2 body 8 (44.4) 6 (40) 19 (100) <.01 >.99 <.01 <.01
C2 arch 1 (5.6) 1 (6.7) 2 (10.5) .84 >.99 >.99 >.99
C3 body 1 (5.6) 0 (0) 6 (31.6) .01 >.99 .09 .02
C4 body 0 (0) 0 (0) 2 (10.5) .16 >.99 .49 .49
# Articular bony surfaces studied 144 120 152 — — — —

# Articular sites with OM 77 (53.5) 76 (63.3) 109 (71.7) <.01 .13 <.01 .15
R occipital condyle 8 (44.4) 6 (40) 9 (47.4) .91 >.99 >.99 .74
L occipital condyle 6 (33.3) 9 (60) 9 (47.4) .31 .17 .51 .51
C1 anterior arch 5 (27.8) 6 (40) 14 (73.6) .02 .49 <.01 .08
R C1 LM 13 (72.2) 12 (80) 14 (73.7) .86 .70 >.99 >.99
L C1 LM 13 (72.2) 13 (86.7) 16 (84.2) .51 .41 .45 >.99

(continued)
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deformity. Three stage I patients had torticollis, due to
either neck spasm or rotational instability without AP
instability. In stage II and III, there were 5 (33.3%) and 7
(36.8%) with torticollis, which in all cases was due to a
combination of rotational instability and either AP insta-
bility (stage II or III) or asymmetric bony pillar collapse
(stage III only). Hypoglossal nerve palsy was seen only in
Stage III, and both these patients had the palsy due to
complete destruction of the occipital condyle through
which this cranial nerve passes.

Abscess

While the rates of abscess formation (Table 2) did not differ
between groups, abscesses appeared more expansile in
higher stage lesions, with rates of periodontoid/predental
abscesses being higher in stage II (P < .01) and III lesions
(P < .01) than in stage I, and rates of periarticular and
epidural abscess formation being more common in Stage
III than in Stage I lesions (P < .01). Figure 1A-G shows
abscess distribution and progression by comparison of

patients with early disease (Figure 1A) to late-stage disease
(Figure 1F-G).

Osteomyelitis

Comparisons of bony involvement across the different
stages are reported in Table 2. It was observed that the
frequency of having one or more sites of articular bony
involvement did not differ between groups (P = .051),
whereas the proportion of patients with lesions in non-
articular bone significantly differed between groups (P <
.01). This suggests that regions with articulating surfaces
are involved earlier in the disease process, and that infection
spread to nonarticular bone as the disease progresses.
Supporting this, it was noted that 65 of the 67 type 2 lesions
were seen in stage III patients.

Rates of involvement of the C1 anterior arch (P = .02),
odontoid process (P = .02), C2 body (P < .01), and C3 body
(P = .01) all differed between groups. Comparison of stage I
and II lesions showed no significant differences in rates of
involvement; however, rates of C2 body (P < .01) and C3 body

Table 2. (continued)

Lifeso Stage

Across
Groups

Pairwise Comparison

I II III I vs II I vs III II vs III

N 18 15 19 — — — —

C2 dens 14 (77.8) 15 (100) 19 (100) .02 .11 .05 >.99
R C2 superior facet 9 (50) 7 (46.7) 6 (31.6) .48 >.99 .32 .48
L C2 superior facet 9 (50) 7 (46.7) 9 (47.4) .98 >.99 >.99 >.99
Instability 2 (11.1) 15 (100) 19 (100) <.01 <.01 <.01 >.99
ADI (mm) 2.0 ± 0.1 6.9 ± 2.5 8.3 ± 4.3 <.01 <.01 <.01 .39
Anterior dislocation 0 (0) 15 (100) 19 (100) <.01 <.01 <.01 >.99
Rotatory dislocation 2 (11.1) 6 (40.0) 7 (36.8) .12 .10 .12 >.99
Vertical dislocation 0 (0) 0 (0) 10 (52.6) <.01 >.99 <.01 <.01
Bony involvement by stage
Articulating Bone 0 (0) 2 (1.7) 58 (38.2) <.01 .21 <.01 <.01
R occipital condyle 0 (0) 0 (0) 6 (31.6) <.01 >.99 .02 .02
L occipital condyle 0 (0) 0 (0) 4 (21.1) .02 >.99 .11 .11
C1 anterior arch 0 (0) 0 (0) 3 (15.8) .06 >.99 .23 .24
R C1 LM 0 (0) 0 (0) 8 (42.1) <.01 >.99 <.01 <.01
L C1 LM 0 (0) 1 (6.7) 9 (47.4) <.01 .45 <.01 .02
C2 dens 0 (0) 0 (0) 15 (100) <.01 >.99 <.01 <.01
R C2 superior facet 0 (0) 0 (0) 6 (31.6) <.01 >.99 .02 .02
L C2 superior facet 0 (0) 1 (6.7) 8 (42.1) <.01 .45 <.01 .05
Nonarticulating Bone 0 (0) 0 (0) 7 (5.3) <.01 >.99 .01 .02
Clivus 0 (0) 0 (0) 1 (5.3) .41 >.99 >.99 >.99
Occipital squama 0 (0) 0 (0) 0 (0) >.99 >.99 >.99 >.99
C1 posterior arch 0 (0) 0 (0) 1 (5.3) .41 >.99 >.99 >.99
C2 body 0 (0) 0 (0) 3 (15.8) .06 >.99 .23 .24
C2 arch 0 (0) 0 (0) 0 (0) >.99 >.99 >.99 >.99
C3 body 0 (0) 0 (0) 2 (10.5) .16 >.99 .49 .49
C4 body 0 (0) 0 (0) 0 (0) >.99 >.99 >.99 >.99

Key: CVJ—craniovertebral junction; L—left; LM—lateral mass; M—male; mm—millimeter; mo—month; OM—osteomyelitis; R—right; yr—year.
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involvement (P = .02) were both higher in stage III than in
stage II lesions. C1 anterior arch involvement (P < .01),
odontoid involvement (P=.05), and C2 body involvement
(P < .01) were all higher in stage III than in stage I lesions.
Evaluating the severity of bony involvement (Table 2) sug-
gested differences between groups in the severity involvement
of the right (P < .01) and left occipital condyles (P = .02), right
and left C1 lateral masses (both P < .01), odontoid process
(P < .01), C2 body (P < .01), and right and left C2 superior
facets (both P < .01). Pairwise comparisons showed that all
significant differences were between stage III lesions and stage
I or stage II lesions; none of the pairwise comparisons showed
significant differences in severity of involvement between
stage I and stage II lesions.

Discussion

Though tuberculosis affects nearly 10 million persons an-
nually,15 less than 1% of cases will result in infection of the
craniovertebral junction.16,17 CVJ TB can lead to neurological
deterioration and craniocervical instability secondary to
progressive destruction of the CVJ osseoligamentous ele-
ments. In the present study, we examined the natural pro-
gression of CVJ TB by evaluating radiographic and clinical
differences between patients of different radiological stages.10

The results showed that markers of more advanced disease
include the presence of abscess formation in the predental and
epidural space and progressively worse involvement of the
median atlanto-dental pivot joint and lateral atlantoaxial and
occipitoatlantal joints. Those with the most advanced disease
tended to have the longest clinical prodromes and the most
severe radiographic deterioration as evidenced by the highest
rates of vertical instability and proximal translocation of the
odontoid in later stages of infection.

Proposed Pathogenesis of CVJ Tuberculosis

Based upon these data, we conjecture the following patho-
genesis for CVJ tuberculosis. Early-stage disease begins with
hematogenous seeding of the synovium of any of the 5 sy-
novial joints of the CVJ (2 occipitoatlantal, 2 atlantoaxial, and
1 atlanto-dental). Most of the literature states that the infection
starts in the retropharyngeal space and then secondarily in-
volves the bone similar to what happens in Grisel syndrome,
where atlantoaxial subluxation develops after a bout of

pharyngitis.10,18 However, the imaging evidence here shows
that the cold abscess never invades the retropharyngeal space.
In the early stages of the infection, the abscess exclusively
localizes to the prevertebral space around the synovial CVJ
joints. In addition, the pattern of anatomic localization of
osteomyelitic lesions supports origination in the synovium, as
anatomic structures with an articulating synovial surface
(lateral masses of C1, occipital condyles, C2 superior facets,
and odontoid) are not only involved early in the disease but
also show the most severe destruction. Areas of the CVJ
without an articulating synovial surface (clivus, C2 body,
posterior elements) seem to become involved secondarily
through the contiguous spread of infection from articulating
sites. Such a pathogenesis is consistent with the well-known
predilection of Mycobacterium tuberculosis for synovial tis-
sue and the documentation of a similar pattern of destruction
in infections of the large joints of the appendicular skeleton.19

Based upon this proposed pathogenesis, we propose 3 stages
(Table 3).

Stage I (Figure 2A-H) is characterized by infective sy-
novitis of any of the CVJ joints with minimal or no bony
destructions. Ligaments are intact and hence there is no in-
stability. Clinical symptoms typically include neck pain and
stiffness (especially to rotations), and rarely torticollis. The
torticollis is either due to muscle spasms or rotatory atlan-
toaxial subluxation without AP instability. In the absence of
instability, neurological deficit is extremely rare and a review
of the literature failed to demonstrate a case of CVJ TB
causing neurological deficits without some degree of insta-
bility. We conjecture that this may be due to the relatively
capacious central canal at the CVJ, which affords significant
abscess growth prior to cord compression. Consequently,
epidural abscess in the absence of instability at the CVJ rarely
causes mechanical cord compression.

Stage II (Figure 3A-F) is a distinct stage in the patho-
genesis of the disease wherein the bone destruction is minimal
or absent but the ligamentous stabilizers are sufficiently
damaged to cause AP instability. Proximal translocation of
odontoid is not seen in this stage as the lateral weight bearing
columns and C1 ring are intact. Autopsy findings have shown
the infection to progressively infiltrate and disrupt the
transverse ligament and capsular structures.20 This finding can
be correlated to tuberculous involvement of other synovial
joints in the extremities where it damages the capsular and
ligamentous constraints before grossly destroying bone.19

Table 3. Modified Lifeso stages used for lesion classification.

TAL Structural Damage Instability

Atlanto-dental Pivot Joint Lateral Bony Pillars AP Vertical Rotatory
Stage 1 Intact — — — — +/�
Stage 2 Incompetent — — + — +/�
Stage 3 Incompetent + + + +/� +/�
Key:— = absent; + = present; AP = anterior-posterior; TAL—transverse atlantal ligament.
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Rotatory subluxation, if present, is associated with AP in-
stability and this can present as torticollis. The cause of
neurological deficit in this stage is primarily due to AP in-
stability with or without epidural abscess.

Stage III (Figure 4A-L) represents the most advanced
stage of disease and is characterized by severe destruction of
bony anatomy. The destruction compromises the integrity of 2
main articulating structures: 1) the pivot joint between C1 and
C2 (atlanto-dental joint) and 2) the 2 lateral weight bearing
columns. Destruction of the bone contributing to the atlanto-
dental joint viz. the odontoid process and the anterior C1 arch,
results in AP instability (subtype Stage IIIA). Two types of
odontoid destructive lesions were noted: 1) pathological
fracture, and 2) complete destruction of the odontoid peg.2

Vertical instability or proximal translocation of the dens is
noted when the lateral supporting columns of the CVJ are
damaged (Stage IIIB). The lateral mass bears the brunt of
destruction being in the middle of 2 large synovial joints.
Moreover, since the transverse ligament is inserted on the
lateral mass of atlas, damage to these structures also

compromises the atlanto-dental joint stability and results in
worsening of cord compression by a combination of vertical
and AP instability. Hypoglossal nerve palsy can occur due to
injury to the nerve as it traverses through a foramen at the base
of the occipital condyle. Patients in this stage may present with
torticollis due to unequal collapse of the lateral weight bearing
columns (Figure 4A-L).

Previous Grading Systems

Several other grading schemas have been developed (Table 4).
Lifeso10 presented one of the early descriptions of CVJ tu-
berculosis, which he divided disease into 3 stages based upon
the degree of radiographic anterior atlantoaxial dislocation.
This system is a popular classification schema used in many
prior descriptions of CVJ TB.8,21,22 In Stage I disease, the
ligaments are intact, there is minimal bone destruction, and no
evidence of anterior displacement of C1 over C2. In Stage II,
there is ligamentous disruption with anterior displacement of
C1 on C2, but with minimal or no bony destruction. In stage III

Figure 2. Imaging of a patient with modified Lifeso Stage I disease. (A) Parasagittal MRI shows abscess formation around the lateral
atlantoaxial joints and B) elevation of the prevertebral musculature. (C–D) Demonstrates that the abscess does not violate the prevertebral
fascia, but may track into the epidural space through the neural foramina. (E) Parasagittal T2-weighted MRI shows that the abscess
preferentially involves sites with an articular surface but (F) sagittal images show no ligamentous incompetence or bony destruction. This is
similarly reflected on (G) flexion and H) extension plain films.
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disease, there is marked bone destruction with complete
obliteration of the anterior C1 arch, and eventually complete
destruction of the odontoid.10 Those with Stage I disease were
treated conservatively in Lifeso’s report, while those with
Stage II/III disease were treated operatively. Neither rotatory
nor vertical subluxation were considered in the schema.

While Lifeso’s classification provides a fair understanding
of the pathogenesis of the disease, the author made some
contradictory observations with respect to proximal translo-
cation of the dens (basilar impression). Of the 12 patients, 1
with 14 mm of proximal translocation of the dens above the
McRae line was classified as Stage I, and was the only Stage I
patient treated aggressively using a Halo vest.10 Similarly,
another patient with 4 mm of proximal odontoid translocation
was classified as Stage II.10 Such proximal translocation of the
dens above McRae’s line is only possible if there is significant
destruction of the lateral pillars, which are the only load-
bearing columns of the CVJ. As Lifeso Stage I and II lesions
are defined by the absence of bone destruction, this case is
similarly misclassified. Basilar impression (proximal trans-
location of the odontoid) due to CVJ TB is a severe deformity
requiring aggressive management and should accordingly not
be grouped with Stage I or II disease. The fact that CVJ TB can
result in a serious deformity such as vertical translocation of
the odontoid into the foramen magnum has been left out by
most radiological classifications published to date.3,6,7,23

Khandelwal and colleagues6,23 proposed a three-tiered
system based strictly on radiographic criteria. All stages
presented with a retropharyngeal abscess; however, stage II
was distinguished from stage I by the presence of mild bony

erosion, and stage III was distinguished from stage II by gross
bony destruction or angulation. Unlike Lifeso, anterior at-
lantoaxial dislocation (AAD) was not incorporated into lesion
grading as all patients were noted to have some degree of
anterior AAD. Furthermore, the authors reported that among
their contemporary series of 16 patients, all were treated
conservatively, suggesting that the grading paradigm may be
ineffective for identifying operative candidates.

A decade later, Behari et al.3 described their experience of
25 patients with CVJ tuberculosis. Patients were graded based
upon the severity of myelopathy at presentation and the
presence of radiographic AAD. It did not consider the severity
of bone destruction or the presence of deformity though.
Patients with no or mild neurological deficit without AAD or
fixed AAD were treated conservatively and those with re-
ducible AAD were operated. All patients presenting with
severe deficits were treated surgically. Similarly, Teegala
et al.7 published the All India Institute of Medical Sciences
(AIIMS) Grading system. Like the score of Behari et al.,3 the
AIIMS system is a clinico-radiological grading system. Unlike
Behari et al.3 though, the authors tried to radiologically cat-
egorize the severity of bone destruction with severe bone
destruction defined as involvement of more than 1 Denis
vertebral column.24 However, the three-column concept of
Denis has poor applicability at the CVJ, where there are only 2
lateral weight bearing columns.

Most recently, Goel25,26 described a three-stage system
designed to model natural progression. Stage I disease is
characterized by infection of the cancellous bone of 1 C1 facet,
which may be accompanied by periarticular abscess formation.

Figure 3. Imaging of a patient with modified Lifeso stage II disease. A–B) Parasagittal T2-weighted MRI showing the left and right lateral bony
pillars are intact. C) Axial MRI illustrates disruption of the transverse atlantal ligament. D) Sagittal T2-weighted MRI shows the odontoid
remains intact though there has been enlargement of the atlanto-dental interval (ADI) consistent with antero-posterior instability. E-F)
Flexion and extension views similarly illustrate an enlarged ADI and antero-posterior instability.
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In stage II, there is progressive destruction of the unilateral at-
lantoaxial joint, often accompanied by ligamentous incompetence
and anterior atlantoaxial dislocation. Finally, in stage III there is
bilateral atlantoaxial joint destruction with atlantoaxial instability
and generally bothmechanical pain and neurological deficits. In our
imaging study, we have identified several patients with bilateral
joint involvement who are in Stage I and Stage II. Although this
staging possesses many similarities to the present radiographic
staging system, we argue that there is at least one important dis-
tinction. That is the present system distinguishes between vertical
dislocation/subluxation of the dens (craniocervical deformity) and
isolated anterior-posterior subluxation (instability). With medical
management of the underlying infection and cervical stabilization
(i.e., with halo vest or bed rest and traction), isolated anterior-
posterior subluxation may heal and allow the patient to avoid
operative intervention. However, vertical subluxation appears to

only occur secondary to destruction of the lateral bony pillars; this
deformity will not resolve even with clearance of the infection and
therefore represents an operative indication. This is acknowledged
in Goel’s publication;26 however, the authors’ system does not
distinguish anterior-posterior and vertical subluxation, which the
present system incorporates, given its potential to alter patient
management.

Limitations

There are several limitations to this study. First, while this series is
one of the largest single-center series published to date on CVJ
tuberculosis, it is a relatively small sample and the results may
therefore not be generalizable.Multidrug-resistant TB is on the rise
and can present with unexpected patterns. Although our modifi-
cation of the Lifeso grading describes a logical progression of

Figure 4. Imaging of 4 cases of modified Lifeso stage III disease. A–C) Case 1. A) Mid-sagittal T2-weighted MRI shows odontoid process
destruction with anterior angulation of the occipitoatlantal junction and cervical cord impression. B) Sagittal CT imaging confirms the bony
destruction with widening of the ADI, but C) coronal views show that the lateral bony pillars remain intact. D–F) Case 2. D) T1-weighted MRI
and E) sagittal CT show odontoid process destruction with angulation of the cranioverterbral junction, but less severe compression of the
cervical cod. F) Coronal CT again illustrates the lateral bony pillars to be intact. G–I) Case 3. G) Sagittal T2-weighted MRI and H) sagittal CT
images show odontoid destruction with vertical instability resulting in translocation of the odontoid through the foramen magnum, causing
cervicomedullary cord compression with resultant T2-weighted signal change. I) Coronal CT illustrates that this vertical instability is
accompanied by destruction of the lateral bony pillars. J–L) Case 4. J–K) Consistent with other stage III disease, sagittal T1-weighted MRI and
CT show odontoid destruction; there is also craniovertebral settling consistent with vertical instability. L) Coronal CT demonstrates that
there is destruction of the lateral bony pillars, explaining the vertical instability.
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destruction, it may not be possible always to assign an individual
patient to a particular stage as the radiological spectrum is a part of
a continuum.

Conclusion

Based upon the present results, we argue for a pathogenesis of
CVJ tuberculosis in which it originates in the CVJ joint per-
iarticular synovium. It subsequently spreads to the ligaments,
creating ligamentous incompetence, and finally invades the
bone with destruction of the lateral pillars and odontoid. To
reflect this, here we propose a modified Lifeso classification
wherein stage I constitutes infective synovitis without insta-
bility. Stage II is characterized by TAL incompetence and
dynamic instability without CVJ deformity. Lastly, stage III is
characterized by bony destruction with associated instability,
which may be accompanied by deformity secondary to prox-
imal translocation of the odontoid. Further validation based
upon multi-institutional collaborations is merited.
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