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Abstract: Tuberculosis is endemic in many parts of the world. With increasing immigration, we
can state that it is prevalent throughout the globe. Tuberculosis of the spine is the most common
form of bone and joint tuberculosis; the principles of treatment are different; biology, mechanics,
and neurology are affected. Management strategies have changed significantly over the years, from
watchful observations to aggressive debridement, to selective surgical indications based on well-
formed principles. This has been possible due to the development of various diagnostic tests for
early detection of the disease, effective anti-tubercular therapy, and associated research, which have
revolutionized treatment. This picture is rapidly changing with the advent of minimally invasive
spine surgery and its application in treating spinal infections. This review article focuses on the past,
present, and future principles of surgical management of tuberculosis of the spine.

Keywords: spinal tuberculosis; surgical management; management principles

1. Introduction

For centuries, Tubercle bacilli have been known to live in symbiosis with mankind. The
earliest description of tuberculosis affecting humans dates back to pre-1000 BC. Hippocrates
(100-300 BC) is credited for the first description of spinal tuberculosis. Although the disease
has been known for a long time, the primary pathogen, Mycobacterium tuberculosis, was
only recently isolated [1]. Lungs are the most common site of involvement; extrapulmonary
manifestations are also fairly common. A study of bone and joint tuberculosis conducted
in the United States over a 4-year period stated that the spine was the most affected region
in tuberculosis of the bone (40%), followed by weight-bearing joints (hips and knees) [2].

Principles of management for spinal tuberculosis are different as it affects neurology,
biology, and mechanics. The development of the Bacille Calmette-Guérin (BCG) vaccine
and effective anti-tuberculous drugs have changed these principles from watchful observa-
tions to active evidence-based combination therapies of medical and surgical management.
However, changing principles have led to controversies in the literature. There has been a
debate regarding the indications, surgical principles, approaches, and instrumentations, to
name a few, of surgical management of spinal tuberculosis. Similarly, with the advent of
minimally-invasive spine surgery and percutaneous pedicle screw fixation, these horizons
are rapidly changing. This review article discusses the evolution and development of the
principles of the surgical treatment of spinal tuberculosis.
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2. The Past

Spinal tuberculosis was described by Percivall Pott in 1779 as ‘that kind of palsy
of lower limbs which is frequently found to accompany a curvature of the spine” [3].
Before the development of effective anti-tubercular drugs, the mainstay of treatment was
immobilization using body casts or plaster beds. Patients were admitted in sanatoria;
there was an emphasis on recumbency, fresh air, and nutritious food [3], with long periods
of hospitalization. The primary aim of this orthodox non-operative treatment was to
achieve the stage of ankyloses in the least-disabling position. However, the results were
disappointing; only 30—44% of treated patients resumed full working capacity [4—6]. The
rest either died (30-50%) or were paralyzed and severely crippled. However, rest, fresh air,
and nutritious food are emphasized even today as an integral part of treatment.

Unsatisfactory results of non-operative treatment prompted physicians to develop
approaches for surgical excision of diseased bones and joints [7,8]. The general outlook
regarding surgery was aptly summarized by Calot [9]: the ‘surgeon who, so far as tu-
berculosis is concerned, swears to remove the evil from the very root, will only find one
result awaiting him—the death of his patient’. This prompted surgeons to develop ‘distant
operations” away from the site of pathology. Albee [10,11] and Hibbs [12,13] developed
posterior spinal fusion to shorten the period of immobilization. However, since the primary
site of pathology was not treated, the results were not optimal [7,8].

The development of anti-tuberculous drugs in the mid-nineteenth century bought
about a revolution in the surgical treatment of spinal tuberculosis. It allowed surgeons
to directly access and debride the site of pathology. Since there was a belief that anti-
tubercular drugs did not penetrate osseous lesions, the principle was universal excisional
surgery [14-16]. However, many reports later showed effective penetration of drugs
in bony lesions including cavities and abscesses [17-19]. Thus, the principles of radical
anterior debridement as proposed in the ‘Hong Kong’ procedure by Hodgson and Stock [14]
changed to the removal of only sequestrated vertebrae or discs or the offending tissues
compressing the dural tube [20-22]. Medical Research Council (MRC) trial results led
to the development of the middle path regimen, which was put forward by Dr. Tuli to
manage patients with spinal tuberculosis and neurological deficits, making the indications
for surgery more selective today [21,23,24]. The MRC trials divided patients into three
prospective groups. They concluded that the drug treatment group, debridement group,
and debridement with anterior spinal fusion group had similar outcomes at 15 years in
terms of healing [25]. However, they did not consider deformity. Long-term evaluation of
these patients showed that the deformity progressed in the first two groups. Similarly, a
landmark study by Oga et al. [26] concluded that Tubercle bacilli did not adhere to metals
and form biofilms, making it possible to use instrumentation at the site of pathology for
immediate stability and to further improve the quality of life of patients.

3. The Present

The development of effective anti-tuberculous treatment (ATT) and the results of
numerous studies to date have revolutionized the management of patients with spinal
tuberculosis over the years and formed well-defined principles today. Tuberculosis of the
spine is now regarded as a ‘medical disease” with indications of surgery being pathology
causing neurological affection or deformities, compression of surrounding vital structures
due to an abscess, and clinical deterioration (despite ATT). The principles of surgical
management include addressing the lesion with optimum debridement and decompression,
restoring the stability of the spine with adequate bone-on-bone contact for fusion (providing
for early mobilization), and using a surgical approach that is most effective and least morbid
to the patient coupled with effective ATT. Optimum decompression includes removing the
offending structures causing neural compression with loose sequestered pieces of the bone
and disc, and drainage of pus pockets. Radical debridement—until there are bleeding bone
edges—is not recommended as it causes large anterior defects requiring reconstruction.
Bone-on-bone contact for fusion is accomplished with strut grafts (autograft/allograft) or
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titanium mesh cages spanning the site of decompression. This can be done with either
an anterior or posterior approach. Immediate stability for early mobilization is provided
with instrumentation. It also promotes healing and enhances fusion rates. The pediatric
spine instability score proposed by Rajasekaran, based on four ‘spine at risk signs’ (facet
subluxation, retropulsion, lateral translation, and toppling sign), holds true to assess the
severity of the progression of the deformity. Each radiological sign is allocated one point,
with a maximum possible score of four. A score of two or more is considered unstable
and requires stabilization [27]. Recently, a new objective scoring system to assess spinal
instability was developed based on five main factors [28] (Table 1).

Table 1. A validated score to evaluate spinal instability to assess surgical candidacy in active spinal
tuberculosis.

Age < 15 years
Cervicothoracic/thoracolumbar
Deformity > 30 or DAR > 15

vertebral body loss-segmental ratio > 0.5
Spine at risk sign

Total 9

A score of zero or 1 is considered stable; 2 is potentially unstable and requires careful monitoring; and 3 and above
is definitely unstable and requires surgical stabilization.

W INDN - =

Isolated arthrodesis without instrumentation was shown to be associated with graft-
related complications and the progression of kyphosis. Upadhyay reported dislodgment
of the graft after anterior fusion in 10 out of 104 patients and an increase in kyphosis by
20 degrees in one year [29]. Finally, effective ATT is the most important pillar for successful
outcomes of spinal tuberculosis. Currently, we follow the WHO recommendations of
9 months of treatment, where four drugs—isoniazid, rifampicin, pyrazinamide, ethambutol,
or streptomycin—are administered in the “initiation” phase for 2 months, followed by
isoniazid and rifampicin for 7 months in the “continuation” phase [30]. With the emergence
of multi-drug-resistant (MDR) tuberculosis, the earlier practice of empirical treatment is
now changing to evidence-based biopsy-proven ATT based on drug sensitivity patterns. In
fact, a recent study [31] found 43.6% of Xpert-MTB-proven spinal tuberculosis (TB) cases to
be multi-drug-resistant (MDR-resistant) to both rifampicin and isoniazid.

One of the principles of optimum surgical management is using an approach that is
most effective and least morbid to the patient, as mentioned above. This can be achieved
with either an anterior or posterior approach or a combined approach (Table 2).

Table 2. Surgical approaches.

Anterior:

Anterior retropharyngeal Subaxial cervical spine
Manubrium splitting Cervicothoracic junction
Transthoracic Mid-thoracic spine
Transdiaphragmatic Thoracolumbar junction
Retroperitoneal Lumbar spine (L1-L4)
Anterior laparotomy Lumbosacral junction
Posterior:

Transfacetal

Transpedicular

Costotransversectomy for anterolateral decompression
Extended posterior versatile approach for Anterior column
reconstruction (LECA)

In comparison to the cervical, lumbar, and lumbosacral regions, the thoracic-thoracolumbar
spine is more commonly affected and the controversy regarding this approach exists for
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this region [32]. Since the disease usually affects anterior vertebral structures, the ante-
rior approach is considered the gold standard [33]; this approach remains the main stay
of treatment in cervical subaxial tuberculosis. It provides direct access to the pathology,
allowing thorough removal of necrotic tissues and abscesses with the ease of inserting large
grafts. A subtotal or complete corpectomy was conducted of the involved vertebrae to
achieve neural decompression. For the purpose of reconstruction, a titanium or polyether
ether ketone (PEEK) cage was installed after infusing it with an autogenous rib or iliac
crest grafts. A rod screw construct completes the surgery in the form of instrumentation
anteriorly (Figure 1).

(e) ()

Figure 1. (a) Shows a MID-thoracic tuberculous lesion on MRI; (b) cylindrical mesh cage with infused
bone graft; (c) shows an intraoperative picture with a prepared site for cage placement; (d) shows
the anterior fixation with rods and a mesh cage; (e,f) shows post-operative radiological images of
anterior transthoracic surgery and fusion with a mesh cage.
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Dai et al. conducted a prospective study involving 39 cases of spinal tuberculosis;
they found that the therapeutic effect of the anterior approach was excellent in single-stage
anterior debridement, bone grafting, and instrumentation with a very low rate of non-
healing [34]. The average kyphotic deformity in their series was 13.5 degrees. Li et al. [35]
also stated that the durations of surgery and blood loss in procedures conducted by the
anterior approach were significantly lower than in surgeries approached posteriorly. They
excluded patients who had previous thoracic surgery histories, active lung tuberculosis, or
apparent presentation of spinal cord damage. They concluded that anterior transthoracic
debridement and fusion were less traumatic than posterior transpedicular debridement
and fusion. Their explanation for this inference was three-fold. They stated that they stud-
ied cases specifically with lesions situated in the mid-thoracic region and in the affected
functional spinal units that contained two (or less than two) numbers of segments; it was
not required to cut-off ribs in a quest to obtain proper exposure and good access to the
lesion. A second tool that they used was the LigaSure or LigaClip vessel-closure system
instead of the earlier system of isolating and ligating vertebral transverse arteries. This
saved time and significantly reduced blood loss. They tackled the third hurdle of surgeon
preference by involving thoracic surgeons in all surgeries. Anterior surgery is ideal in cases
of young patients with no comorbidities having mid-thoracic lesions or single-level discitis
and minimal kyphosis. Surgeon experience plays a major role in a successful surgery from
the anterior approach. However, cases with junctional TB affecting more than two levels,
patients with pulmonary lesions, and elderly obese individuals are major contraindications
in this approach. Similarly, stability provided by instrumentation is questionable as it an-
chors onto the infected osteoporotic bone, risking translation and inadequate correction of
deformities [36,37]. The combined approach has advantages of both anterior and posterior
approaches, providing excellent decompression and stability. This approach starts with
the patient being placed in a prone position. A midline longitudinal incision is made at
the center of the diseased vertebral body and exposure is conducted to reach the posterior
elements. Pedicle screws are inserted in the involved vertebrae depending on the extent
of the damage. In addition, screws are inserted in vertebrae with intact pedicles at levels
above and below the involved vertebrae. Correction of Kyphosis is carried out with the help
of an internal fixation system. After this, the patient is moved to the right lateral position.
The thoracic incision is again taken based on the center of the involved vertebrae. The
tuberculous lesion is exposed before removal of the abscesses, caseous necrotic tissues, se-
questrate, necrotic discs (partial corpectomy), and granulated tissues. After the preparation
of a fusion bed, a bone graft is placed. Since this approach entails two surgical procedures,
it is also the most morbid. When performed as a single event, it increases the surgical time
and blood loss, increasing rates of infection and morbidity [38,39]. Krodel et al. [40] found
blood loss to be as high as 1700 mL, which is huge in patients with poor general conditions,
such as spinal tuberculosis. However, in patients with large lesions causing three-column
destructions and severe deformities, a combined approach (Figure 2) is suitable [41].

Recently, only posterior or posterolateral approaches (Figure 3) have been described [42—44],
providing access to anterior and lateral columns through extra-pleural techniques. This
entails making the patient prone. The thoracolumbar median approach is used. A posterior
midline incision is taken. The cord is decompressed using the posterolateral extra-pleural
approach. Curettes are used to remove the necrotic material within the vertebral body and
the disc; drainage of the paraspinal abscess is conducted. The defect is reconstructed from
one side using a titanium mesh cage infused with an autograft. Stabilization is conducted
by installing pedicle screws and rods. Fusion is conducted at levels above and below the
involved level, depending on the extent of involvement. This approach has become popular
since it allows for circumferential decompression of the spinal cord, can be extended proxi-
mally and distally, and provides excellent stabilization with deformity correction through a
strong three-column instrumentation [45]. Thus, this approach can be used for stabilization
alone, stabilization and decompression, or stabilization, decompression, and anterior re-
construction. In a meta-analysis, Liu et al. [46] concluded that the posterior approach has
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the same clinical efficacy but with fewer operation times, blood loss, hospital stays, and
complications when compared with combined surgeries. Since it was a meta-analysis it
had few limitations. The recruited studies were not randomized controlled trials and had
small sample sizes. Heterogeneities among studies may distort pooled results.

Figure 2. (a) Shows collapsed D12 vertebra with an abscess compressing the spinal cord; (b) shows
front and back surgeries with anterior reconstruction, with a cylindrical mesh cage in addition to the
posterior decompression and stabilization with pedicle screws.

Surgery in healed TB spines: Utilization of the posterior approach for surgery in a healed
TB spine requires special mention. This usually presents with sharp angular deformities or
late-onset neurological deficits. In such cases, it is difficult to approach the spine through
an anterior transthoracic approach [47]. Combined approaches employ anterior corpec-
tomy, posterior shortening and instrumentation, and anterior and posterior grafting [48,49].
Though these multi-stage techniques were initially employed to treat them, recently, var-
ious techniques, such as transpedicular de-cancellation procedures, pedicle subtraction
osteotomies, vertebral column resections, and closing opening wedge osteotomies [50-53]
have shown excellent comparable outcomes. Depending on the severity of the angular
deformity, either technique is undertaken. Achieving deformity correction by restoring the
anterior column height might stretch the sensitive spinal cord; hence, the above techniques
involve taking out wedges (with the base of the wedge posterior) along with compression
maneuverers to correct deformities. Closing opening wedge osteotomies is particularly
useful in tuberculosis, which may involve the collapse of up to three vertebral bodies. A
pure closing technique might produce severe kinking of the cord [54]. Hence, in such
surgeries, the anterior column is reconstructed with strut grafts/vertebral spacers filled
with autografts. Rajasekaran et al., in a series involving 17 patients, reported that the
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average kyphosis improved from 69.2° preoperatively to 32.4° postoperatively by closing
the opening wedge osteotomy [46]. Researchers employed a novel technique of apical
spinal osteotomies through a posterior approach in rigid severe kyphoscoliosis and found
excellent results, validating its use in children under 14 years of age [55].

@

Figure 3. (a) Shows tubercular abscess on Sagittal cuts of the MRI; (b) shows the axial cut of the
lesion; (c) shows the intraoperative image of the posterior decompression and stabilization; (d) shows
the post-operative X-ray of the posterior construct comprising pedicle screws, rods, and the cross-
connector.
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Thus, each approach has its advantages and disadvantages. Any approach utilized is
ultimately acceptable, provided that the principles of surgical treatment of spinal tuber-
culosis are adhered to. Mehta and Bhojraj, in 2001, created a new system for classifying
spinal TB based on magnetic resonance imaging (MRI) findings (Table 3). This study can
be used as a basis for decisions regarding approaches to be used for patients with spinal
tuberculosis. Anterior debridement and strut grafting is conducted for patients with stable
anterior lesions and no kyphotic deformity. Global lesions with kyphosis and instability
are better treated with posterior instrumentation surgery in addition to an anterior strut
graft. Patients who suffer from global lesions and have high surgical risks for transthoracic
surgery due to medical comorbidities and probable anesthesia-related complications are
considered suitable candidates for decompression posteriorly. The transpedicular route is
used to approach the anterior aspect of the cord in addition to posterior instrumentation.
Finally, only a posterior decompression is conducted for patients with isolated posterior
lesions [56]. This study mainly used the Hartshill rectangle for posterior stabilization;
however, the principles remain the same whether we use pedicle screws or the Hartshill
rectangle for fixation.

Table 3. Magnetic resonance imaging classification of spinal tuberculosis—Mehta and Bhojraj [53].

Group A

Group B Group C Group D

Patients with stable anterior
lesions and non-kyphotic
deformity, which are managed
with anterior debridement
and strut grafting.

Patients with anterior or
global lesions along with high
operative risks for
transthoracic surgery due to
medical comorbidities and
probable anesthetic
complications.

Therefore, these patients
undergo posterior
decompression with the
anterior aspect of the cord
being approached through a
transpedicular route and
posterior instrumentation
performed using a closed-loop
rectangle held by a
sublaminar wire.

Patients with global lesions,
kyphosis, and instability, and
are managed with posterior
instrumentation using a
closed-loop rectangle with
sublaminar wires plus
anterior strut grafting.

Patients with isolated
posterior lesions that only
need a posterior
decompression.

4. The Future

Spine surgeons around the world endeavor to provide the best clinicoradiological
outcomes with the least morbidity. This thought process has ushered in the era of minimally
invasive spine surgery (MISS). MISS is any surgery that achieves the aim of a surgical
procedure with minimal collateral damage to the surrounding normal tissue, using natural
musculoskeletal planes and the smallest possible footprint. The advantages of MISS
(Table 4) in degenerative spine pathologies are well established today.

Table 4. Advantages of minimally invasive spine surgery (MISS) over conventional surgery.

MISS

Less blood loss
Less immediate

Conventional Technique

More blood loss

Blood Loss

Post-operative pain

Hospital stay

Return to work

Cost

Radiation to surgeon

post-operative pain
Shorter hospital stay
Early return to work
Reduced indirect cost
More

Comparatively more
post-operative pain
Longer hospital stay

Less
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It is proven to cause less blood loss, less post-operative pain, smaller incisions, fewer
post-operative stays, and early returns to work; thus, it has better patient outcomes [57,58].
The spectrum of MISS for application in tumors, deformities, and trauma is slowly widen-
ing [59,60], and the same goes for infections (particularly tuberculosis). A recent meta-
analysis by Wang et al. [61] comparing anterior versus posterior instrumentation for spinal
tuberculosis found blood loss in the range of 385-1100 mL. They also found that the average
duration of hospital stay ranged from one week to a month and a half for either approach.
It would be worthwhile if these statistics could be brought down for better functional out-
comes for patients using MISS techniques. The earlier applications of MISS were restricted
to percutaneous biopsies and abscesses drainage. Ashizwa et al. [62] performed percuta-
neous transpedicular biopsies and found 92% accuracy without significant complications.
Similarly, if abscesses fail to resolve with chemotherapy or cause pressure symptoms, per-
cutaneous drainage with transforaminal or posterior full endoscopic techniques help in
immediate symptom resolution as well as in obtaining representative samples for labora-
tory studies for any changes in drug regimens [63]. Video-assisted thoracoscopic surgery
(VATS) has been used for biopsies and decompressions supplemented with posterior percu-
taneous pedicle screw fixation [63,64]. With the success of minimally invasive anterior and
anterolateral approaches to the lumbar spine in treating degenerative pathologies, these
are increasingly being used to treat lumbar and lumbosacral spinal tuberculosis.

Xu et al. [65], in a comparative study of 83 patients affected with lumbar tuberculosis,
found direct lateral interbody fusion (DLIF) with posterior percutaneous screw fixation
to have less intraoperative blood loss and less hospital stay as compared to traditional
anterior extra-peritoneal debridement and posterior internal fixation, contributing to early
rehabilitation of patients. Similarly, Du et al. [66] conducted a retrospective study and
found oblique lumbar interbody fusion (OLIF) with percutaneous pedicle screw fixation
to have the advantages of less surgical trauma, faster recovery, and shorter fusion times
with similar clinical outcomes when compared with traditional posterior transforaminal or
transpedicular approaches, and pedicle screw fixation for single-segment lumbar tubercu-
losis. Both DLIF and OLIF techniques were shown to offer thorough anterior debridement
and fusion for up to two levels of involvement, supplemented with percutaneous fixation
posteriorly. The evolution of expandable cages with variable footplates has helped achieve
excellent kyphosis correction and lost height due to the disease process by placement
through narrow corridors. Recently, these techniques have also been extrapolated for
the treatment of thoracic tuberculosis. A case report by Deng et al. [67] found extreme
lateral interbody fusion (XLIF) with percutaneous pedicle screws feasible for the treatment
of thoracic tuberculosis, allowing debridement, discectomy, and interbody fusion under
direct vison, improving patient prognosis. However, there have been concerns regarding
increased radiation exposure while inserting percutaneous screws [68]. This has been
taken care of with the help of computer-assisted navigation systems. Jiang et al. [69], in a
retrospective comparative study of 33 patients with lumbar tuberculosis treated with DLIF
and navigation-assisted fluoroscopy, found a significant reduction in radiation exposure
with comparable operative time, blood loss, length of stay, and complication rates with
non-navigation-assisted fluoroscopy and DLIF.

The use of endoscopes for treating spinal pathologies is presently in vogue and
there are reports of treating spinal tuberculosis with these tools as well. Upper cervical—
as well as sacroiliac joint tuberculosis—are difficult lesions to approach. Liu et al. [70]
treated 17 patients with upper cervical tuberculosis with endoscopic-assisted anterior
cervical debridement with posterior fixation and fusion and found it to be an effective and
feasible surgical technique. Similarly, Guan et al. [71] conducted percutaneous endoscopic
debridement and lavage in seven patients with sacroiliac tuberculosis. They concluded that
this technique causes less tissue trauma and quick post-operative recovery. Complex screw
placement, osteotomy, and correction maneuvers in post-tubercular deformities markedly
increase the risk of spinal cord ischemia injury, leading to a postoperative neurological
deficit ranging from 4 to 21.2% [72,73]. With evolving trends of MISS techniques, one
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cannot neglect the safety of these patients, where intraoperative neuromonitoring (IONM)
has served as a boon [74,75]. IONM provides real-time feedback regarding the functioning
across the operated segment via multimodal monitoring, allowing the surgical team to
obtain a reasonable deformity correction without endangering the spinal cord. In fact,
planning such complex osteotomies can now be done preoperatively. Hu et al. [76], in a
series of 18 patients, demonstrated the role of image processing and planning software
such as SURGIMAP (Nemaris, Inc.) in determining preoperatively the level and type of
osteotomy to achieve the best surgical correction. We believe that this is just the beginning
of applying MISS techniques to treat spinal tuberculosis; soon, most future cases will
become amenable to them, further improving clinicoradiological outcomes.

5. Conclusions

Tuberculosis of the spine has affected humans for centuries. With advancements in
scientific technology, treatment modalities and management strategies are ever-changing.
Due to the rise in immigration, tuberculosis is now endemic in most parts of the world; it is
necessary for astute spine surgeons to be aware of present surgical principles and future
directions. Initially, watchful observations were the treatments of choice due to dismal
surgical outcomes. ‘Distant Operations” were not successful either. The development of the
Bacille Calmette-Guérin (BCG) vaccine and effective anti-tuberculous treatment(s) (ATT)
were landmark events that revolutionized the management of spinal tuberculosis centered
on evidence-based medicine. These, along with the results of Medical Research Council
(MRC) trials, formed the principles of effective management for spinal tuberculosis today.
The overview gradually changed from aggressive surgical debridement to selective surgical
indications affecting neurology and stability of the spine. Tuberculosis is now a ‘Medical’
disease and effective ATT has been the most important pillar for successful outcomes of
spinal tuberculosis. The WHO recommends 9 months of treatment, with the following
drugs—isoniazid, rifampicin, pyrazinamide, ethambutol, or streptomycin—being admin-
istered in the “initiation” phase for 2 months, followed by isoniazid and rifampicin for
7 months in the “continuation” phase. Numerous studies have also documented the fea-
sibility of using implants in patients with Koch’s spine, providing immediate stability
and improving functional outcomes for patients. Similarly, surgical approaches have been
subjects of controversy and have changed throughout the years. When radical operations
were in vogue, anterior surgeries were preferred. The anterior approach remains the main-
stay of treatment for subaxial cervical spine pathologies whereas manubrium splitting,
transthoracic, transdiaphragmatic, and retroperitoneal approaches enable us to access
cervicothoracic, thoracic, thoracolumbar, and lumbar pathologies, respectively. However,
the familiarity and better clinical outcomes of the posterior approach have prompted more
spine surgeons to treat these pathologies posteriorly. These can be transfacetal, transpedic-
ular, costotransversectomy, and extended approaches for anterior column reconstruction
(LECA). Minimally invasive spine surgeries have proven to be successful for degenerative
pathologies due to smaller incisions, fewer infections, and faster recovery times. These
techniques are increasingly being used in spinal tuberculosis with selective indications
and good success rates. Navigation and intraoperative neuromonitoring have significantly
decreased complication rates associated with the correction of complex, severe, and rigid
post-tubercular deformities. Globally, spine surgeons are striving for better patient out-
comes; they have made it possible to achieve clinically successful outcomes today. It is said
that ‘History repeats itself’; however, we hope that in the case of tuberculosis it does not.
The emergence of multi-drug-resistant (MDR) and extreme drug-resistant (XDR) tubercu-
losis is a cause of worry and speculation. We hope that it does not change the effective
treatment principles formed today; if it does, we will find an effective solution to treat it as
we did in the past.

Author Contributions: S.R.: methodology, writing—original draft preparation, writing—review and
editing. M.T.: conceptualization, validation, formal analysis, resources, supervision. R.M.: writing—
review and editing. T.Y.: methodology. Y.O.: writing—review and editing. S.S.: writing—review and



Diagnostics 2022, 12, 1307 11 of 13

editing. R.C.: validation, resources. All authors have read and agreed to the published version of
the manuscript.

Funding: This research received no external funding.
Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Not applicable.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Tuli, SM. Tuberculosis of the Skeletal System (Bones, Joints, Spine and Bursal Sheaths), 3rd ed.; Jaypee Brothers: New Delhi, India, 2004.

2. Farer, L.S.; Lowell, A.M.; Meador, M.P. Extrapulmonary tuberculosis in the United States. Am. ]. Epidemiol. 1979, 109, 205-217.
[CrossRef] [PubMed]

3. Bick, K.M. Classics of Orthopaedics; JB Lippincott Co.: Philadelphia, PA, USA, 1976.

4. Dobson, J. Tuberculosis of spine. J. Bone Jt. Surg. Br. 1951, 33, 517-531. [CrossRef] [PubMed]

5. Fellander, M. Radical operation in tuberculosis of the spine. Acta Orthop. Scand. Suppl. 1955, 19, 1-117. [CrossRef]

6.  Fox, W. Realistic chemotherapy policies for tuberculosis in the developing countries. BM] 1964, 1, 135-142. [CrossRef] [PubMed]

7. Mercer, W. Then and now: The history of skeletal tuberculosis. J. R. Coll. Surg. Edinb. 1964, 10, 243-254. [PubMed]

8. Seddon, H.J. Pott’s paraplegia, prognosis and treatment. Br. |. Surg. 1935, 22, 769-799. [CrossRef]

9.  Calot, T. Sur le meilleur traitment localdes tuberculoses doses, articulations et ganglions lymphatique. Acta Chir. Scand. 1930, 67,
206-226.

10. Albee, FH. Transplantation of a portion of the tibia into the spine for Pott’s disease: A preliminary report. JAMA 1911, 57, 885-886.
[CrossRef]

11.  Albee, FH. The bone graft operation for tuberculosis of spine. JAMA 1930, 94, 1467-1471. [CrossRef]

12. Hibbs, R.A. An operation for Pott’s disease of the spine. JAMA 1912, 59, 433-436. [CrossRef]

13. Hibbs, R.A ; Risser, ].C. Treatment of vertebral tuberculosis by the spine fusion operation. J. Bone Jt. Surg. 1928, 10, 805-814.

14. Hodgson, A.R.; Stock, FE. Anterior spinal fusion for the treatment of tuberculosis of the spine. J. Bone Joint Surg. Am. 1960, 42,
1147-1156. [CrossRef]

15. Ostman, P. Combined surgical and chemotherapy of abscesses in bone and joint tuberculosis. Acta Orthop Scand. 1951, 21, 204-210.
[CrossRef] [PubMed]

16. Wilkinson, M.C. Curettage of tuberculous vertebral disease in the treatment of spinal caries. Proc. R. Soc. Med. 1950, 43, 114-116.
[CrossRef]

17.  Hanngren, A. Studies on the distribution and fate of C14 and TYlabelled p-aminosalicyclic acid (PAS) in the body. Acta Radiol.
1959, 51 (Suppl. 175), 1-118.

18.  Qi-Qiu, W.; Xi-Kuan, N.; Wu-Chang, T. The concentrations of four antituberculous drugs in cold abscesses of patients with bone
and joint tuberculosis. Chin. Med. . 1971, 100, 819-822.

19. Tuli, SM.; Mishra, S. Penetration of antitubercular drug in cold abscesses of skeletal tuberculosis and in joint aspirates. Indian |.
Orthop. 1983, 17, 14-18.

20. Kondo, E.; Yamada, K. End results of focal debridement in bone and joint tuberculosis and its indications. J. Bone Joint Surg. Am.
1957, 39, 27-31.

21.  Tuli, SM. Results of treatment of spinal tuberculosis by middle path regime. J. Bone Joint Surg. Br. 1975, 57, 13-23. [CrossRef]

22.  Wilkinson, M.C. Tuberculosis of the spine treated by chemotherapy and operative debridement: A long-term follow-up study. J.
Bone Joint Surg. Am. 1969, 51, 1331-1342. [CrossRef]

23.  Martin, N.S. Tuberculosis of the spine (a study of the results of treatment during the last twenty-five years). . Bone Joint Surg. Br.
1970, 52, 613-628. [CrossRef] [PubMed]

24. Moon, M.S,; Kim, I.; Woo, Y.K.; Park, Y.O. Conservative treatment of tuberculosis of the thoracic and lumbar spine in adults and
children. Int. Orthop. 1987, 11, 315-322. [CrossRef] [PubMed]

25. Konstam, P.G.; Konstam, S.T. Spinal tuberculosis in southern Nigeria with special reference to ambulant treatment of thoracolum-
bar disease. . Bone Joint Surg. Br. 1958, 40, 26-32. [CrossRef] [PubMed]

26. Oga, M.; Arizono, T.; Takasita, M.; Sugioka, Y. Evaluation of the risk of instrumentation as a foreign body in spinal tuberculosis:
Clinical and biologic study. Spine 1993, 18, 1890-1894. [CrossRef] [PubMed]

27. Rajasekaran, S. The natural history of post-tubercular kyphosis in children. . Bone Joint Surg. Br. 2001, 83, 954-962. [CrossRef]

28. Rajasekaran, S.; Soundararajan, D.C.R.; Reddy, G.J.; Shetty, A.P.; Kanna, R.M. A Validated Score for Evaluating Spinal Instability
to Assess Surgical Candidacy in Active Spinal Tuberculosis-An Evidence Based Approach and Multinational Expert Consensus
Study. Glob. Spine J. 2022, 21925682221080102, Online ahead of print. [CrossRef]

29. Upadhyay, S.S.; Sell, P,; Saji, M.].; Sell, B.; Yau, A.C.; Leong, J.C. 17-year prospective study of surgical management of spinal

tuberculosis in children. Hong Kong operation with debridement surgery for short and long-term outcome of deformity. Spine
(Phila Pa 1976) 1993, 18, 1704-1711. [CrossRef]


http://doi.org/10.1093/oxfordjournals.aje.a112675
http://www.ncbi.nlm.nih.gov/pubmed/425959
http://doi.org/10.1302/0301-620X.33B4.517
http://www.ncbi.nlm.nih.gov/pubmed/14880569
http://doi.org/10.3109/ort.1955.26.suppl-19.01
http://doi.org/10.1136/bmj.1.5376.135
http://www.ncbi.nlm.nih.gov/pubmed/14072631
http://www.ncbi.nlm.nih.gov/pubmed/14199383
http://doi.org/10.1002/bjs.1800228813
http://doi.org/10.1001/jama.1911.04260090107012
http://doi.org/10.1001/jama.1930.02710450011004
http://doi.org/10.1001/jama.1912.04270080115010
http://doi.org/10.2106/00004623-196042020-00009
http://doi.org/10.3109/17453675109024154
http://www.ncbi.nlm.nih.gov/pubmed/14914490
http://doi.org/10.1177/003591575004300227
http://doi.org/10.1302/0301-620X.57B1.13
http://doi.org/10.2106/00004623-196951070-00012
http://doi.org/10.1302/0301-620X.52B4.613
http://www.ncbi.nlm.nih.gov/pubmed/5487562
http://doi.org/10.1007/BF00271307
http://www.ncbi.nlm.nih.gov/pubmed/3440648
http://doi.org/10.1302/0301-620X.40B1.26
http://www.ncbi.nlm.nih.gov/pubmed/13513647
http://doi.org/10.1097/00007632-199310000-00028
http://www.ncbi.nlm.nih.gov/pubmed/8235878
http://doi.org/10.1302/0301-620X.83B7.0830954
http://doi.org/10.1177/21925682221080102
http://doi.org/10.1097/00007632-199309000-00020

Diagnostics 2022, 12, 1307 12 of 13

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

World Health Organization. Tuberculosis (TB). In Guidelines for Treatment of Drug-Susceptible Tuberculosis and Patient Care (2017
update); World Health Organization: Geneva, Switzerland, 2017. Available online: http://www.who.int/tb/publications /2017
/dstb_guidance_2017/en/ (accessed on 22 March 2018).

Upadhyay, M.; Patel, J.; Kundnani, V.; Ruparel, S.; Patel, A. Drug sensitivity patterns in Xpert-positive spinal tuberculosis: An
observational study of 252 patients. Eur. Spine J. 2020, 29, 1476-1482. [CrossRef]

Omari, B.; Robertson, ].M.; Nelson, R.J.; Chiu, L.C. Pott’s disease: A resurgent challenge to the thoracic surgeon. Chest 1989, 95,
145-150. [CrossRef]

Hodgson, A.R; Stock, EE.; Fang, H.S.; Ong, G.B. Anterior spinal fusion. The operative approach and pathological findings in 412
patients with Pott’s disease of the spine. Br. J. Surg. 1960, 48, 172-178. [CrossRef]

Dai, L.Y,; Jiang, L.S.; Wang, W.; Cui, Y.M. Single-stage anterior autogenous bone grafting and instrumentation in the surgical
management of spinal tuberculosis. Spine (Phila Pa 1976) 2005, 30, 2342-2349. [CrossRef] [PubMed]

Li, W,; Liu, Z,; Xiao, X.; Zhang, Z.; Wang, X. Comparison of anterior transthoracic debridement and fusion with posterior
transpedicular debridement and fusion in the treatment of mid-thoracic spinal tuberculosis in adults. BMC Musculoskelet. Disord.
2019, 20, 570. [CrossRef] [PubMed]

Hee, H.T.; Majd, M.E.; Holt, R.T.; Pienkowski, D. Better treatment of vertebral osteomyelitis using posterior stabilization and
titanium mesh cages. . Spinal Disord. Tech. 2002, 15, 149-156. [CrossRef] [PubMed]

Moon, M.S.; Woo, Y.K.; Lee, K.S.; Ha, KY,; Kim, S.S.; Sun, D.H. Posterior instrumentation and anterior interbody fusion for
tuberculous kyphosis of dorsal and lumbar spines. Spine (Phila Pa 1976) 1995, 20, 1910-1916. [CrossRef] [PubMed]

Huang, Q.S.; Zheng, C.; Hu, Y.; Yin, X,; Xu, H.; Zhang, G.; Wang, Q. One-stage surgical management for children with spinal
tuberculosis by anterior decompression and posterior instrumentation. Int. Orthop. 2009, 33, 1385-1390. [CrossRef]

Zhang, H.Q.; Lin, M.Z,; Li, ].S; Tang, M.X_; Guo, C.E; Wu, ].H.; Liu, ].Y. One-stage posterior debridement, transforaminal lumbar
interbody fusion and instrumentation in treatment of lumbar spinal tuberculosis: A retrospective case series. Arch Orthop. Trauma
Surg. 2013, 133, 333-341. [CrossRef]

Krodel, A.; Kruger, A.; Lohscheidt, K.; Pfahler, M.; Refior, H.J. Anterior debridement.fusion, and extrafocal stabilization in the
treatment of osteomyelitis of spine. J. Spinal Disord. 1999, 8, 304-309.

Wang, X.; Pang, X.; Wu, P,; Luo, C.; Shen, X. One-stage anterior debridement, bone grafting and posterior instrumentation vs.
single posterior debridement, bone grafting, and instrumentation for the treatment of thoracic and lumbar spinal tuberculosis.
Eur. Spine J. 2014, 23, 830-837. [CrossRef]

Louw, J.A. Spinal tuberculosis with neurological deficit: Treatment with anterior vascularised rib grafts, posterior osteotomies
and fusion. J. Bone Jt. Surg. Br. 1990, 72, 686—693. [CrossRef]

Lee, T.C,; Lu, K,; Yang, L.C.; Huang, H.Y.; Liang, C.L. Transpedicular instrumentation as an adjunct in the treatment of
thoracolumbar and lumbar spine tuberculosis with early state bone destruction. J. Neurosurg. 1999, 91 (Suppl. 2), 163-169.

Jain, A K.; Aggarwal, A.; Dhammi, L.K.; Aggarwal, PK; Singh, S. Extrapleural anterolateral decompression in tuberculosis of the
dorsal spine. J. Bone Joint Surg. Br. 2004, 86, 1027-1031. [CrossRef] [PubMed]

Garg, B.; Kandwal, P; Nagaraja, U.B.; Goswami, A.; Jayaswal, A. Anterior versus posterior procedure for surgical treatment of
thoracolumbar tuberculosis: A retrospective analysis. Indian J. Orthop. 2012, 46, 390. [CrossRef]

Liu, J.; Wan, L.; Long, X.; Huang, S.; Dai, M.; Liu, Z. Efficacy and safety of posterior versus combined posterior and anterior
approach for the treatment of spinal tuberculosis: A meta-analysis. World Neurosurg. 2015, 83, 1157-1165. [CrossRef]

Lonstein, J.E. Cord compression. In Moe’s Textbook of Scoliosis and Other Spinal Deformities, 2nd ed.; Bradford, D.S., Lonstein, J.E.,
Ogilvie, ] W., Eds.; WB Saunders: Philadelphia, PA, USA, 1987; pp. 540-547.

Dalvie, S.S.; Laheri, V.J. Closed-wedge spinal osteotomy for the correction of post-tubercular kyphosis in children. ]. Bone Joint
Surg. Br. 2000, 82, 283-284.

Kanna, R.M.; Shetty, A.P.; Rajasekaran, S. Surgical management of Pott’s spine induced kyphosis in older children or adults. Curr.
Orthop. Pract. 2017, 28, 15-22. [CrossRef]

Bezer, M.; Mucukdurmaz, F; Guven, O. Transpedicular decancellation osteotomy in the treatment of post-tubercular kyphosis. J.
Spinal Disord. Tech. 2007, 20, 209-215. [CrossRef]

Kalra, K.P,; Dhar, S.B.; Shetty, G.; Dhariwal, Q. Pedicle subtraction osteotomy for rigid post-tubercular kyphosis. J. Bone Joint Surg.
Br. 2006, 88, 925-927. [CrossRef]

Deng, Y;; Lv, G.; An, H.S. En bloc spondylectomy for the treatment of spinal tuberculosis with fixed and sharply angulated
kyphotic deformity. Spine (Phila Pa 1976) 2009, 34, 2140-2146. [CrossRef]

Kawahara, N.; Tomita, K.; Baba, H.; Kobayashi, T.; Fujita, T.; Murakami, H. Closing-opening wedge osteotomy to correct angular
kyphotic deformity by a single posterior approach. Spine (Phila Pa 1976) 2001, 26, 391-402. [CrossRef]

Gertzbein, S.D.; Harris, M.B. Wedge osteotomy for the correction of posttraumatic kyphosis. A new technique and a report of
three cases. Spine (Phila Pa 1976) 1992, 17, 374-379. [CrossRef]

Patel, A.; Ruparel, S.; Dusad, T.; Mehta, G.; Kundnani, V. Posterior-approach single-level apical spinal osteotomy in pediatric
patients for severe rigid kyphoscoliosis: Long-term clinical and radiological outcomes. J. Neurosurg. Pediatr. 2018, 21, 606-614.
[CrossRef] [PubMed]

Mehta, J.S.; Bhojraj, S.Y. Tuberculosis of the thoracic spine. A classification based on the selection of surgical strategies. J. Bone
Joint Surg. Br. 2001, 83, 859-863. [PubMed]


http://www.who.int/tb/publications/2017/dstb_guidance_2017/en/
http://www.who.int/tb/publications/2017/dstb_guidance_2017/en/
http://doi.org/10.1007/s00586-020-06305-x
http://doi.org/10.1378/chest.95.1.145
http://doi.org/10.1002/bjs.18004820819
http://doi.org/10.1097/01.brs.0000182109.36973.93
http://www.ncbi.nlm.nih.gov/pubmed/16227899
http://doi.org/10.1186/s12891-019-2945-x
http://www.ncbi.nlm.nih.gov/pubmed/31775707
http://doi.org/10.1097/00024720-200204000-00010
http://www.ncbi.nlm.nih.gov/pubmed/11927825
http://doi.org/10.1097/00007632-199509000-00013
http://www.ncbi.nlm.nih.gov/pubmed/8560340
http://doi.org/10.1007/s00264-009-0758-5
http://doi.org/10.1007/s00402-012-1669-2
http://doi.org/10.1007/s00586-013-3051-7
http://doi.org/10.1302/0301-620X.72B4.2380228
http://doi.org/10.1302/0301-620X.86B7.14546
http://www.ncbi.nlm.nih.gov/pubmed/15446532
http://doi.org/10.1007/BF03545551
http://doi.org/10.1016/j.wneu.2015.01.041
http://doi.org/10.1097/BCO.0000000000000461
http://doi.org/10.1097/01.bsd.0000211271.89485.f1
http://doi.org/10.1302/0301-620X.88B7.17366
http://doi.org/10.1097/BRS.0b013e3181b34ce7
http://doi.org/10.1097/00007632-200102150-00016
http://doi.org/10.1097/00007632-199203000-00025
http://doi.org/10.3171/2017.12.PEDS17404
http://www.ncbi.nlm.nih.gov/pubmed/29600907
http://www.ncbi.nlm.nih.gov/pubmed/11521929

Diagnostics 2022, 12, 1307 13 of 13

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

Schwender, J.D.; Holly, L.T.; Rouben, D.P.; Foley, ET. Minimally Invasive Transforaminal Lumbar Interbody Fusion (TLIF):
Technical Feasibility and Initial Results. ]. Spinal Disord. Tech. 2005, 18, S1-S6. [CrossRef] [PubMed]

Lee, KH.; Yue, WM.; Yeo, W.; Soeharno, H.; Tan, S.B. Clinical and Radiological Outcomes of Open Versus Minimally Invasive
Transforaminal Lumbar Interbody Fusion. Eur. Spine J. 2012, 21, 2265-2270. [CrossRef] [PubMed]

Palmisani, M.; Gasbarrini, A.; Brodano, G.B.; De lure, F.; Cappuccio, M.; Boriani, L.; Amendola, L.; Boriani, S. Minimally invasive
percutaneous fixation in the treatment of thoracic and lumbar spine fractures. Eur. Spine J. 2009, 18 (Suppl. 1), S71-S74. [CrossRef]
St Clair, S.F.; McLain, R.F. Posterolateral spinal cord decompression in patients with metastasis: An endoscope assisted approach.
Surg. Technol. Int. 2006, 15, 257-263.

Wang, K.; Wang, N.; Wang, Y.; Xia, Y.; Song, F; Liu, J. Anterior versus posterior instrumentation for treatment of thoracolumbar
tuberculosis: A meta-analysis. Orthopade 2019, 48, 207-212. [CrossRef]

Ashizawa, R.; Ohtsuka, K.; Kamimura, M.; Ebara, S.; Takaoka, K. Percutaneous transpedicular biopsy of thoracic and lumbar
vertebrae-Method and diagnostic validity. Surg. Neurol. 1999, 52, 545-551. [CrossRef]

Jayaswal, A.; Upendra, B.; Ahmed, A.; Chowdhury, B.; Kumar, A. Video assisted thoracoscopic anterior surgery for tuberculous
spondpylitis. Clin. Orthop. Relat. Res. 2007, 460, 100-107. [CrossRef]

Kapoor, S.K.; Kapoor, S.; Agarwal, M.; Aggarwal, P.; Jain, B.K., Jr. Thoracoscopic decompression in Pott’s spine and its long term
follow up. Int. Orthop. 2012, 36, 331-337. [CrossRef]

Xu, N.J.; Yu, L.; Gu, Y.J.; Wang, X.Z.; Jiang, W.Y.; Ma, W.H. Minimally invasive direct lateral approach debridement, interbody
bone grafting, and interbody fusion combined with posterior percutaneous pedicle screw fixation for lumbar spinal tuberculosis.
Zhongguo Gu Shang 2021, 34, 228-234. [PubMed]

Du, X.; Ou, Y.S,; Zhu, Y,; Luo, W,; Jiang, G.Y.; Jiang, D.M. Oblique lateral interbody fusion combined percutaneous pedicle screw
fixation in the surgical treatment of single-segment lumbar tuberculosis: A single-center retrospective comparative study. Int. J.
Surg. 2020, 83, 39-46. [CrossRef] [PubMed]

Deng, L.; Zhang, YW.; Xiong, L.Y.; Zhang, S.L.; Ni, W.Y,; Xiao, Q. Extreme lateral interbody fusion and percutaneous pedicle
screw fixation in the minimally invasive treatment of thoracic tuberculosis. J. Int. Med. Res. 2020, 48, 300060520925992. [CrossRef]
[PubMed]

Rampersaud, Y.R.; Foley, K.T.; Shen, A.C.; Williams, S.; Solomito, M. Radiation exposure to the spine surgeon during fluoroscopi-
cally assisted pedicle screw insertion. Spine (Phila Pa 1976) 2000, 25, 2637-2645. [CrossRef] [PubMed]

Jiang, J.; Gan, F; Tan, H.; Xie, Z.; Luo, X.; Huang, G.; Li, Y.; Huang, S. Effect of computer navigation-assisted minimally invasive
direct lateral interbody fusion in the treatment of patients with lumbar tuberculosis: A retrospective study. Medicine 2018, 97,
€13484. [CrossRef]

Liu, Z,; Xu, Z.; Zhang, Y.; Wang, X.; Zhang, Z.; Jiang, D.; Jia, R. Endoscopy-assisted anterior cervical debridement combined
with posterior fixation and fusion for the treatment of upper cervical spine tuberculosis: A retrospective feasibility study. BMC
Musculoskelet. Disord. 2022, 23, 126. [CrossRef]

Guan, X.L.; Xue, W.; Wang, D.; Ma, Y.Q.; Zhang, Q.L.; Liu, L.; Ma, Z.Y,; Ma, ]. Clinical application of percutaneous spinal
endoscopy debridement and lavage in sacroiliac joint tuberculosis. Zhongguo Gu Shang 2021, 34, 1006-1010.

Lenke, L.G.; O’Leary, P.T,; Bridwell, K.H.; Sides, B.A.; Koester, L.A.; Blanke, K.M. Posterior vertebral column resection for severe
pediatric deformity: Minimum two year follow-up of thirty-five consecutive patients. Spine (Phila Pa 1976) 2009, 34, 2213-2221.
[CrossRef]

Kelly, M.P; Lenke, L.G.; Shaffrey, C.I,; Ames, C.P; Carreon, L.Y.; Lafage, V.; Smith, ].S.; Shimer, A.L. Evaluation of complications
and neurological deficits with three-column spine reconstructions for complex spinal deformity: A retrospective Scoli-RISK-1
study. Neurosurg. Focus 2014, 36, E17. [CrossRef]

Langeloo, D.D.; Lelivelt, A.; Louis Journée, H.; Slappendel, R.; de Kleuver, M. Transcranial electrical motor-evoked potential
monitoring during surgery for spinal deformity: A study of 145 patients. Spine (Phila Pa 1976) 2003, 28, 1043-1050. [CrossRef]
Nagarajan, L.; Ghosh, S.; Dillon, D.; Palumbo, L.; Woodland, P.; Thalayasingam, P.; Lethbridge, M. Intraoperative neurophysiology
monitoring in scoliosis surgery in children. Clin. Neurophysiol. Pract. 2019, 4, 11-17. [CrossRef] [PubMed]

Hu, W.; Zhang, X.; Yu, J.; Hu, F; Zhang, H.; Wang, Y. Vertebral column decancellation in Pott’s deformity: Use of Surgimap
Spine for preoperative surgical planning, retrospective review of 18 patients. BMC Musculoskelet. Disord. 2018, 19, 13. [CrossRef]
[PubMed]


http://doi.org/10.1097/01.bsd.0000132291.50455.d0
http://www.ncbi.nlm.nih.gov/pubmed/15699793
http://doi.org/10.1007/s00586-012-2281-4
http://www.ncbi.nlm.nih.gov/pubmed/22453894
http://doi.org/10.1007/s00586-009-0989-6
http://doi.org/10.1007/s00132-018-03662-w
http://doi.org/10.1016/S0090-3019(99)00154-8
http://doi.org/10.1097/BLO.0b013e318065b6e4
http://doi.org/10.1007/s00264-011-1453-x
http://www.ncbi.nlm.nih.gov/pubmed/33787166
http://doi.org/10.1016/j.ijsu.2020.09.012
http://www.ncbi.nlm.nih.gov/pubmed/32927138
http://doi.org/10.1177/0300060520925992
http://www.ncbi.nlm.nih.gov/pubmed/32459154
http://doi.org/10.1097/00007632-200010150-00016
http://www.ncbi.nlm.nih.gov/pubmed/11034650
http://doi.org/10.1097/MD.0000000000013484
http://doi.org/10.1186/s12891-022-05084-4
http://doi.org/10.1097/BRS.0b013e3181b53cba
http://doi.org/10.3171/2014.2.FOCUS1419
http://doi.org/10.1097/01.BRS.0000061995.75709.78
http://doi.org/10.1016/j.cnp.2018.12.002
http://www.ncbi.nlm.nih.gov/pubmed/30828671
http://doi.org/10.1186/s12891-018-1929-6
http://www.ncbi.nlm.nih.gov/pubmed/29334957

	Introduction 
	The Past 
	The Present 
	The Future 
	Conclusions 
	References

