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Wiltse transforaminal thoracic interbody fusion approach for the
treatment of single-segment thoracic spinal tuberculosis in elderly
patients with osteoporosis: A retrospective study of 20 cases
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Abstract. The aim of the present study was to investigate
the clinical feasibility and efficacy of the Wiltse approach
and TTIF in elderly patients with single-segment thoracic
tuberculosis (SSTTB) complicated with osteoporosis and
neurological dysfunction. Between January 2017 and January
2019, 20 elderly patients underwent the Wiltse TTIF approach
at a single hospital. The follow-up time of these patients was
37.15+7.37 months (range, 24-48 months). The preoperative
kyphosis angle was 35.41+6.71°. The degree of neurological
deficit in each patient was assessed using the Frankel spinal
cord injury classification. In addition, TB activity was moni-
tored using erythrocyte sedimentation rate and C-reactive
protein levels, and the degree of osteoporosis was evaluated
using femoral neck bone mineral density T-scores. The
20 patients with SSTTB were completely cured without
recurrence. The postoperative kyphotic angle was 8.80+0.79°,
without significant loss of correction at the final follow-up.
Bone graft fusion was observed within 6-9 months, with all
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patients reporting relief of their back pain. The neurological
condition of all the patients improved postoperatively. The
present study indicates that Wiltse TTIF surgery combined
with anti-TB chemotherapy has satisfactory efficacy in
elderly patients with SSTTB complicated by osteoporosis and
neurological impairment.

Introduction

In impoverished nations, tuberculosis (TB) has historically been
a devastating infectious disease (1). Spinal TB (STB) is the most
frequently occurring form of extrapulmonary TB, accounting for
50% of all skeletal TB cases (2). The primary treatment for STB
is anti-TB chemotherapy; however, surgical treatment is useful
for the alleviation of kyphosis-associated clinical symptoms,
easing spinal cord compression and eliminating abscesses (3,4).
In 1968, Wiltse proposed a new method for spinal surgery
that utilizes the gap between the multifidus and longissimus
muscles. This approach significantly reduces the dissection
time and traction of the multifidus muscle during surgery.
It also takes full advantage of the integrity of the posterior
bone and ligamentous structural complexes (5). The Wiltse
transforaminal thoracic interbody fusion (TTIF) surgical
approach has demonstrated excellent results in the treatment
of intervertebral disc herniation and STB (6). However, reports
on its application in the surgical treatment of single-segment
thoracic TB (SSTTB) in elderly patients with osteoporosis are
limited in the available literature, with the exception of a few
case reports published in mainstream academic journals. In
the present study, the preoperative and postoperative informa-
tion of 20 patients with SSTTB who underwent Wiltse TTIF at
a single institution were evaluated to assess the effects of this
surgical approach on older patients with osteoporosis.

Materials and methods
Criteria for patient inclusion and exclusion. Wiltse TTIF

is standard clinical surgical procedure and the Ethics
Committee of the First Affiliated Hospital of Guangxi
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Medical University (Nanning, China) approved the present
study (ref. no. KY-E-152). All patients provided written
informed consent for inclusion in this retrospective study.
Between January 2017 and January 2019, the same surgeon
operated on 20 elderly patients with SSTTB and osteoporosis
at the First Affiliated Hospital of Guangxi Medical University.
There were 12 males and 8 females, ranging in age from 65
to 80 years (mean, 70.25+4.19 years). The following criteria
were used to make a diagnosis: i) Clinical symptoms and
signs; ii) computed tomography (CT) and magnetic reso-
nance imaging (MRI) findings; iii) laboratory test results,
including hemoglobin, erythrocyte sedimentation rate (ESR)
and C-reactive protein (CRP) concentration, as well as TB
antibody (IgG and IgM) and tuberculin skin tests; iv) anti-TB
chemotherapy was effective, as indicated by obvious radio-
graphic changes; and v) histological microscopy and acid-fast
bacillus test as the gold standard. The exclusion criteria were
as follows: i) age <65 years; ii) normal femoral neck bone
mineral density (BMD) T-score >-2.5 (7); iii) no neurological
deficits; iv) multi-segment disease or lesions that require
anterior bone fusion; and v) inaccessible para-vertebral or
deep muscle abscesses and severe kyphotic deformities (>50°).
Only patients with neurological deficits were selected to reflect
the characteristics and efficacy of Wiltse TTIF more clearly.
The Frankel classification was used to assess nerve damage
as follows: Grade A, complete loss of movement and sensa-
tion below the lesion level; Grade B, partial loss of sensation
below the lesion level; Grade C, motor and sensory preserva-
tion below the lesion level, but with loss of function; Grade D,
movement and sensation below the lesion plane are preserved,
but with limited mobility; and Grade E, normal function.

Preoperative procedure. The majority of the patients were
diagnosed with and treated for STB in the First Affiliated
Hospital of Guangxi Medical University, and received anti-TB
chemotherapy with the isoniazid, rifampicin, ethambutol and
pyrazinamide (HREZ) regimen for 2-4 weeks prior to surgery.
The remaining few patients came to the hospital for treat-
ment after they had started anti-TB treatment with the HREZ
regimen elsewhere. As their symptoms gradually worsened
they were referred to the First Affiliated Hospital of Guangxi
Medical University for surgical treatment. In a small number
of cases, the patients had complex and changeable symp-
toms, and the diagnosis of TB was challenging. Therefore,
anti-TB treatment was administered and if it was found that
the symptoms of these patients improved significantly after
anti-TB treatment, a diagnosis of TB was made. Patients
who were paralyzed had received anti-TB treatment prior to
admission to the hospital, and when they were admitted to the
hospital, they had surgery immediately. One notable patient
had been treated with the HREZ scheme for 3 weeks in the
infectious diseases department of the First Affiliated Hospital
of Guangxi Medical University, but his symptoms gradually
worsened and paralysis occurred, so he immediately received
surgery. The HREZ chemotherapy regimen constituted part
of the anti-TB regimen and comprised the following drugs:
Isoniazid (5-10 mg/kg/day), rifampicin (5-10 mg/kg/day),
ethambutol (15 mg/kg/day) and pyrazinamide (25 mg/kg/day).
The anti-TB drug HREZ when used preoperatively has two
functions, one of which is the effective control of TB while

the other is to improve the tolerance of patients to surgery and
promote postoperative recovery. Patient's temperature was
measured four times a day. Blood tests were performed every
3 days. Surgery was performed when anemia and hypoalbu-
minemia were completely under control and the ESR, CRP
and body temperature of the patient had returned to normal or
were markedly decreased. Calcitriol (0.25 ug/day) and calcium
carbonate D3 (1 g/day) were administered orally prior to
surgery in patients who had osteoporosis. Furthermore, zole-
dronic (4 mg) acid was infused intravenously once per year
for 3-5 years after the surgery until the femoral neck BMD
returned to normal levels.

Surgical procedure. After receiving general anesthesia,
patients were placed in the prone position and an X-ray of the
C-arm was used to locate the surgical segment. The preop-
erative MRI indicated the distance separating the muscle
space from spinous processes. The subcutaneous tissues and
fascia were then carefully separated by making a posterior
midline longitudinal incision until the medial multifidus and
lateral longissimus muscles were separated, and the inter-
muscular space was entered. The paravertebral muscles were
then separated using a hemilaminectomy retractor to reveal
the transverse processes, laminae and interlaminar spaces.
Subsequently, in order to avoid complications such as loos-
ening, fracture and delayed healing after screw implantation
in elderly patients with osteoporosis, pedicle screws were
implanted under the guidance of C-arm CT. If only one side
of the vertebral body was involved, a screw was implanted
on the uninvolved side, and then two screws were applied to
the vertebral bodies above and below the affected vertebral
body. If it was not possible to implant screws into the affected
vertebral body, then two screws were respectively applied to
the two vertebral bodies above the affected vertebral body
and two screws were respectively applied to the two verte-
bral bodies below the affected vertebral body. During local
debridement and decompression, a temporary pre-curved rod
was placed on the side where the spinal cord and nerves were
less compressed, to prevent spinal instability. Subsequently,
unilateral facetectomy and laminectomy were performed
along the medial pedicle on the side with symptoms or severe
paravertebral abscess. A rib adjacent to the costovertebral
joint was removed, if necessary. In cases where improved
exposure was required, the thoracic nerve root was sacrificed.
The extent of paravertebral abscesses and degree of spinal
stenosis typically determined the decompression range. The
paravertebral space was flushed using a suitable flushing tube
until pus was no longer observed. Subsequently, the necrotic
vertebrae and discs were removed with a curette until only
healthy bones remained. Then, the titanium cage was placed in
position, the rods were tightened, and kyphosis was slowly and
carefully corrected via the compression and extension of the
internal fixation instruments. Following local debridement and
decompression, the involved segments were fused posteriorly
with allografts or autografted bone. Relatively large pieces of
bone were used for grafting when the defects were loose or
extensive. Grafts obtained from debridement could also be
used to fill this gap. A combination of 1.0 g streptomycin and
0.2 g isoniazid was then administered locally. Drainage was
preferentially performed using negative pressure drainage.
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Figure 1. Levels of the involved vertebrae in patients with single-segment
thoracic tuberculosis. T, thoracic.

The resected specimens were sent for postoperative bacterial
culture and pathological diagnosis.

Postoperative care. When <30 ml drainage was observed, which
usually occurred on postoperative day 3, the negative-pressure
drainage tube was removed. Continuous administration of oral
HREZ anti-TB chemotherapy was performed until 6 months
postoperatively. Pyrazinamide was then discontinued and an
HRE regimen was administered over the next 9-12 months.
Postoperative treatment for osteoporosis was continued for
=3 months postoperatively. To promote bone graft fusion
and prevent the internal fixation from loosening, bed rest for
=3 months and the use of braces during limited activities were
advised for patients with severe osteoporosis who had under-
gone extensive bone grafting. At 1 week and 3, 6 and 12 months
after surgery, all patients underwent clinical and radiological
examinations. Annual follow-up visits were recommended
following these examinations. Postoperative follow-up CT was
also recommended to assess the degree of graft fusion, complete
bone union, pseudoarthrosis and other conditions.

Statistical analysis. The values are expressed as the
mean + standard deviation. The statistical significance of
differences in kyphosis angle, ESR and CRP at preoperative,
postoperative, 3-month postoperative and final follow-up
time points were assessed using univariate repeated measure
ANOVA with Bonferroni hoc test. Friedman and Nemenyi
tests were used to assess the statistical significance of differ-
ences in Frankel grades at the aforementioned time points. The
analysis was performed using SPSS software (version 24.0;
IBM Corp.). P<0.05 was considered to indicate a statistically
significant difference.

Results

Basic conditions. In total, 20 cases were examined, 12
of which were male and 8 female, with an average age of
70.25+4.19 years. The involved thoracic segments are shown
in Fig. 1. The mean duration of surgery was 155.00+£52.92 min,
and the mean intraoperative blood loss was 153.75+41.64 ml.
The mean length of hospital stay was 6.80+1.51 days, and the
follow-up period was 37.15+7.37 months. The average BMD
T-score was -4.27+1.51 (Table I). During the follow-up period,
postoperative complications included cerebrospinal fluid
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Table I. Clinical details of the 20 patients with single-segment
thoracic tuberculosis.

Parameter Mean + SD
Duration of surgery, min 155.00+£52.92
Intraoperative blood loss, ml 153.75+41.64
Hospital stay, days 6.80+1.51
Follow-up period, months 37.15+7.37
BMD T-score -427+1.51
Bony fusion, months 7.70+1.46

BMD, bone mineral density.

leakage (1 case), imbalanced water and electrolytes (5 cases),
infection of a superficial wound (1 case) and mild intestinal
obstruction (2 cases). The internal fixation and bone grafting
were not associated with any complications. Following the
first week of anti-inflammatory or symptomatic supportive
treatment, the symptoms of the patients markedly improved.

Nervous system status. The neurological symptoms of all
patients gradually improved during the follow-up period. The
results of the preoperative Frankel classification assessment
were as follows: Grade A, 1 case; Grade B, 3 cases; Grade C,
7 cases; and Grade D, 9 cases. Only two patients had Grade D
at the most recent follow-up, and the remaining 18 patients
had full functional recovery and were classified as Grade E
(Fig. 2). At the most recent follow-up, the statistical analysis
revealed a significant difference (P=0.012; Table II) between
the preoperative and postoperative Frankel classifications.

Kyphosis, bone fusion, ESR and CRP. The mean preoperative
kyphotic angle was 35.41+6.71°, which significantly reduced to
8.80+0.79° postoperatively (P<0.05). At the last follow-up, the
mean kyphotic angle was 9.99+0.92° with a correction loss of
1.18+0.37°, and the difference from the previous angles was
statistically significant (P<0.05). A statistically significant
difference was also detected between the preoperative and
postoperative ESR and CRP levels (both P<0.05; Table II).
Postoperative lateral X-ray/CT was used to measure the
degree of fusion in all patients after bone grafting and impact
drafting. Within 7.70+1.46 months after surgery, all patients
had adequate bone fusion (Table I). Representative images for
a single patient are presented in Fig. 3.

Discussion

Approximately one-half of all cases of bone and joint TB are
STB, a common musculoskeletal disease (2). Despite ongoing
efforts by the World Health Organization and local health
authorities, TB continues to affect vulnerable individuals,
including the elderly (8).

The most commonly used treatment options for STB
include anti-TB medication, bed rest and supportive medica-
tion. However, in the absence of drug treatment, the risks of
surgery, mortality, infection transmission and recurrence are
often greatly increased (9). The risks associated with surgical
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Table II. Statistical analysis of the clinical results.

Schedule Preoperative Postoperative 3 months after surgery Final follow-up X?/F? P-value
Frankel, n 10.886 0.012

A 1 0 0 0

B 3 1 0 0

C 7 3 1 0

D 9 6 5 2

E 0 10 14 18
Kyphosis angle, ° 3541+6.71 8.80+0.79° 9.23+0.53° 9.99+0.924 344532 <0.001
ESR, mm/h 68.70+£16.76 19.85+3.50° 8.45+1.73%¢ 6.45+1.03%¢ 426.787 <0.001
CRP, mg/1 25.15+9.60 9.09+3.01° 4.8+1.95b¢ 5.1+1.62"¢ 94.901 <0.001

2All values in this column are F-values with the exception that for the Frankel data. ®P<0.05 vs. preoperative; P<0.05 vs. postoperative; P<0.05
vs. 3 months after surgery. ESR, erythrocyte sedimentation rate; CRP, C-reactive protein.
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Figure 2. Neurological status of the 20 patients with single-segment thoracic tuberculosis at different time points. The numbers above the columns represent

the number of cases.

treatment are also markedly increased due to elderly patients
frequently having various accompanying chronic diseases or
disorders. Therefore, anti-TB chemotherapy and conservative
treatments are preferred over surgical treatment for elderly
patients to avoid the risks and complications associated with
surgery. However, this may result in the onset of neurological
symptoms and the worsening of any existing spinal deformi-
ties (10). Similarly, prolonged bed rest as part of conservative
treatment not only has an impact on quality of life but also
has associated adverse effects. The inability of anti-TB drugs
to penetrate tuberculous bone lesions results in inadequate
or ineffective treatment. As a result, the removal of necrotic
tissues and paravertebral abscesses, alleviation of neuro-
logical symptoms, and improvement or stabilization of spinal
deformities all require surgical treatment in elderly patients.
However, there are conflicting opinions regarding the
surgical options for elderly patients with SSTTB. Although

anterior surgery is effective in correcting kyphosis and
relieving nerve compression (11), it does not directly remove
tuberculous lesions or facilitate bone grafting. Additionally,
the mediastinal organs, sternum, clavicle and ribs interfere
with surgical procedures, making anterior surgery more chal-
lenging and prone to intra- and postoperative complications.
The combined anterior-posterior approach has a positive
clinical effect, but requires at least two separate surgeries,
takes several hours to complete, frequently results in extensive
blood loss, has a prolonged recovery period after surgery and
is unsuitable for elderly patients (12).

Posterior surgery has made significant progress in the treat-
ment of STB over the past few decades. The posterior pedicle
screw system has been widely used to improve spinal stability
and correct spinal deformities. It has been demonstrated to be
effective in treating disorders of the thoracic spine, resulting in
neurological dysfunction and segmental instability (8).
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Figure 3. Images of a 75-year-old patient with T9/10 lesions who underwent surgery using the Wiltse TTIF approach. (A) Sagittal and (B) coronal pre-operative
imaging reveals severe spinal cord compression and destruction of the T9/10 vertebrae. (C and D) Images captured during the Wiltse TTIF surgery. Kyphosis
correction is evident on the postoperative (E) sagittal and (F) coronal CT scans. (G) X-ray at the third month following surgery reveals good bone fusion and no
obvious loss of kyphosis correction. (H) Sagittal CT scan at 9 months after surgery demonstrates satisfactory graft fusion without spinal tuberculosis relapse.

TTIF, transforaminal thoracic interbody fusion; CT, computed tomography.

Harms and Rolinger (13) first advocated for posterior
TTIF, which is regarded as an improvement on posterior
thoracic interbody fusion (PTIF) and was successful in
resolving the issue of excessive nerve retraction and its
associated complications. However, the multifidus muscle is
extensively stripped during the traditional TTIF procedure,
which damages its blood supply and innervation. As a result,
the multifidus muscle degenerates, atrophies and undergoes
fibrosis and the deposition of adipose tissue after surgery.
Additionally, the procedure requires a long time to complete.
When surgeries are prolonged, the extensive retraction of
the paraspinal muscles, which are the innermost multifidus
muscle groups, raises intramuscular pressure. This results in
local hypoxia and sometimes irreversible ischemic degenera-
tion and necrosis, which frequently has a significant impact
on the physiological function of the multifidus muscle
and increases the risk of persistent lower back pain after
surgery (14). In 1968, Wiltse (5) proposed a novel strategy by
utilizing the space between the longissimus and multifidus
muscles. The integrity of the posterior bone and ligamentous
structures is maximized by this strategy, which can signifi-
cantly reduce damage to the multifidus muscle caused by
dissection or traction.

In practice, the intermuscular TTIF approach is rarely used
to treat osteoporosis in elderly patients with STB. However, the
Wiltse TTIF method benefits from the following: It is anatomi-
cally straightforward, easing the learning curve for novice
surgeons. Natural spaces between the multifidus and longis-
simus muscles are used for access, instead of crude dissection
and extensive retraction of the paraspinal muscle complexes.
This prevents denervation and devascularization of the multif-
idus muscle, which can lead to ischemic degeneration and
necrosis. As a result, it maintains the physiological functions
of the multifidus muscle while maintaining the stability of the
spine. Therefore, postoperative chronic lower back pain is less
common but postoperative recovery takes longer. According
to the present research, patients who underwent Wiltse TTIF
spent an average of 6.80+1.51 days in the hospital. For thoracic
TB treated using a posterior-only approach, our previous study
found that the mean hospital stay was 12.4+4.1 days (15). This
suggests that the Wiltse TTIF approach effectively reduced
hospital stay. Second, the Wiltse intramuscular TTIF strategy
shortens the duration of surgery and anesthesia, which typi-
cally results in less blood loss during the procedure and
lower overall risks associated with the procedure. Among the
20 patients in the present study, there were few cases where the
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upper thoracic vertebrae were involved, and mainly the middle
and lower thoracic vertebrae were affected. It was necessary
to remove some rib bones to reach the intervertebral disc;
however, the bone was loose and not particularly hard. In addi-
tion, the use of an ultrasonic osteotome simplified the surgical
process. This may be advantageous because the majority of
elderly patients have accompanying medical conditions and
comorbidities, which could be deemed fatal or cause the patient
to be unsuitable for prolonged surgical treatment. According
to the findings of the present study, the Wiltse TTIF approach
took an average of 155.00+52.92 min to perform on patients
and resulted in a blood loss of 153.75+41.64 ml on average.
The surgery time for patients who underwent a posterior-only
approach was 152.1+24.4 min, and the amount of blood lost
was 650.7+£150.2 ml (15). Although the Wiltse TTIF approach
is effective at reducing intraoperative blood loss, it does not
discernibly reduce the duration of surgery. Third, it can achieve
the same internal fixation as obtained using PLIF, assisting in
the stabilization of the spinal column and preventing the wors-
ening of kyphosis and the neurological manifestations that
accompany it. Finally, the surgical area enables the removal of
any paraspinal abscesses that may be present, which is advan-
tageous for the successful surgical treatment of STB and its
healing. The Wiltse TTIF method, by contrast, has two major
drawbacks. First, there is the possibility of further injury to the
spinal cord and nerve roots, similar to that observed with PTIF
spinal decompression. Second, complete anterolateral debride-
ment is challenging, but anti-TB drugs have made it possible
for TB lesions to spontaneously merge and heal; therefore,
thorough debridement is not essential (8).

The treatment plan for elderly patients with osteopo-
rosis and STB may be based on the findings of the present
study, with conservative treatment, such as bed rest, anti-TB
chemotherapy and anti-osteoporosis treatment being consid-
ered in addition to regular MRI and blood sample reviews
and evaluations every 4-8 weeks. Second, after the adjacent
vertebral segments without tuberculous lesions have been
cemented, cortical bone trajectory (bicortical bone screw)
or root screws can be used in elderly patients with severe
osteoporosis and aggravated neurological symptoms. The
fixed segment can be appropriately extended if the fixation
is loose or insecure. In elderly patients with severe osteo-
porosis, the Wiltse approach can also aid in maintaining
adequate postoperative spinal stability by preserving the
spinous processes and associated attachments, including the
spinous process, interspinous ligament, lamina and other
bony structures. Lastly, TB genetic analysis, drug suscepti-
bility testing and drug resistance testing can be performed
on intraoperative specimens to guide the selection of post-
operative anti-TB medications.

In conclusion, the one-step Wiltse TTIF approach is
feasible and efficient for the treatment of elderly patients
with osteoporosis and SSTTB. The postoperative clinical
and imaging results in the present study are very promising;
however, the follow-up time was short. Further confirma-
tion of the findings of the study requires a larger number of
patients and extended follow-up period for this type of surgical
procedure. New research projects may also be performed to
study the effect of this surgical method on patients with other
complications.
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