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Abstract: Due to the complex anatomy and biomechanics of the affected region, surgical approaches and stabi-
lization methods in patients with lumbosacral tuberculosis remain a clinical challenge. The current study aimed
to explore the clinical effects of the “moving window” muscle space approach for debridement and bone grafting,
combined with posterior pedicle screw fixation, for treatment of multiple lumbosacral tuberculosis. This study, ret-
rospectively, analyzed a series of 41 patients with multiple lumbosacral tuberculosis, treated by posterior pedicle
screw fixation combined with anterior retroperitoneal debridement and bone graft fusion. A total of 25 patients
were treated using the anterior “moving window” muscle approach (Modified Group), while 16 patients were treated
with the traditional retroperitoneal approach (Traditional Group). All lesions were involved in the L4-S1 segment.
There were no significant differences in operation times, bleeding during the operation, hospitalization times, ESR,
CRP recovery times, and fusion times between the two groups (P>0.05). The length of abdominal incision in the
modified group was 18.08+2.66 cm, significantly better than that in the traditional group. Visual pain scores in the
modified group were lower than those in the traditional group at 24 hours. Moreover, 48 hours after the operation,
differences were statistically significant. There were no significant differences in visual pain scores at 72 hours after
the operation between the two groups (P>0.05). Treatment of multiple lumbosacral tuberculosis with the “moving
window” muscle space approach for debridement and bone grafting, combined with posterior pedicle screw fixation,
can significantly reduce surgical trauma, gastrointestinal interference, and complications, without increasing opera-
tion times and bleeding. Therefore, this method demonstrates clinical operability and practicability.
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Introduction sions for patients with multiple lumbosacral
tuberculosis in the lower lumbar and sacral ver-
Lumbosacral tuberculosis accounts for approxi- tebra. Achievement of simultaneous exposure
mately 10% of all cases of spinal tuberculosis of the lumbar and sacral vertebra with minimal
[1]. Due to the complex anatomy and biome- invasion remains unresolved. In recent years,
chanics of the affected region, surgical app- patients have been treated with multiple lum-
roaches and stabilization methods in patients bosacral tuberculosis with inverted L-shape
with lumbosacral tuberculosis remain a clinical incisions. Using this method, the lumbar and
challenge. In most previous reports, the lateral sacral tuberculosis could be exposed with a
retroperitoneal approach and transverse longi- “moving window” in different intermuscular
tudinal incisions via an extraperitoneal app- spaces.
roach were applied [2]. These incision types
often produce unpleasant results, including The current retrospective study analyzed a
sever surgical trauma for the abdominal mus- series of 41 patients with L3-S2 multiple lum-
cles, more bleeding, disturbance for gastroin- bosacral tuberculosis, treated by posterior ped-
testinal function, and higher incidence of inci- icle screw fixation combined with an anterior
sional hernias [3]. In addition, there have been retroperitoneal approach for debridement and

few studies concerning anterior approach inci- bone grafting. Patients were treated from Jan-
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Table 1. Preoperative general information of patients

of Hangzhou Red Cross

Hospital, from January

Modified Traditional Test P Value
Group Group Value 2009 to October 2016.
There were 26 males and
Cases (n) 25 16 .
Gender (m/f) 15/10 11/5  y-0044 0834 Lo lemales, withan aver
X=4 ) age age of 44+15.99
Age (y) 44.20+15.63 44.00+15.99 t=0.040 0.969

ESR before therapy (mm/h) 54.60+£12.28 52.19+10.93
CRP before therapy (mg/l) 39.14+21.15 34.15+16.13
39.20+11.32 42.50+9.43
3.44+1.044 3.375+0.885

Follow-up duration (m)
Preoperative VAS grade

years old (range 19-72
years). Lesions involved
t=0.805 0.426 L,-S, in 30 cases, L,-S, in
t=0.040 0.338 6 cases, and L,L in5
t=0.206 0.838 cases. Bone lesions were

t=0.640 0.526

uary 2009 to October 2016. A total of 25
patients were treated with the “mobile window”
muscle space approach (Modified Group), while
19 patients were treated with the traditional
lateral retroperitoneal approach (Traditional
Group). The present study aimed to explore
safety and feasibility levels of modified inverted
L-shape incisions via an extraperitoneal app-
roach, as well as relative surgery matters and
operation points.

Materials and methods
Inclusion and exclusion criteria

Inclusion criteria: Corresponding to diagnosis
standards of spinal tuberculosis and surgical
indications; Multiple lumbosacral tuberculosis,
involving L4-5 and L5-S1 segments; Received
treatment via lumbar posterior fixation, com-
bined with anterior debridement in Zhejiang
Chinese Medicine and Western Medicine
Integrated Hospital/Hangzhou Red Cross
Hospital; Aged from 18-70 years old; Provided
informed consent and were compliant to treat-
ment; Follow-up times were more than 24
months.

Exclusion criteria: Tuberculosis involving upper
lumbar spinal and skip multiple lumbosacral
tuberculosis; Combined with immune system
diseases and other related complications; Drug
resistant tuberculosis and the effectiveness of
anti-TB therapy was undefined; History of
abdominal operations and increased difficulty
of the extraperitoneal operation; Insufficient
information and lost to follow-up.

General information

According to inclusion and exclusion criteria,
this retrospective study analyzed a series of 41
patients with multiple lumbosacral tuberculo-
sis, hospitalized in the Orthopedics Department
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all involved in L,-S, seg-
ments. All patients had
symptoms of lumbosacral pain and difficulty
bending. A total of 13 cases were complicated
with nerve root symptoms, while 6 cases
showed caudal equine symptoms. Neurological
function assessed using the Frankel scoring
system. Results showed that 23 patients were
grade E, 13 patients were grade D, and 5
patients were grade C. All patients were fol-
lowed up for 24-70 months, with an average of
40.49+£10.63 months.

According to different incisions of the anterior
approach, the patients were divided into the
“mobile window” muscle space approach
(Modified Group) and traditional lateral retro-
peritoneal incision group (Traditional Group).
Preoperative general information concerning
patients is shown in Table 1.

Therapeutic methods

Supportive anti-TB therapy before surgery:
Preoperative routine examinations were per-
formed. Malnutrition, such as anemia and
hypoproteinemia, was corrected. Patients with-
out operative indications received Rifampician
(0.45-0.6 g/d), Isoniazid (0.3 g/d), Ethambutol
(0.75 mg/d), and Pyrazinamide (1.5 g/d), as a
standardized and effective anti-TB therapy.
Therapy was sustained for 3-4 weeks. Surgical
treatment was advised when general condi-
tions were improved and the erythrocyte sedi-
mentation rate, as well as the CRP index, steady
declined. Patients with huge cold abscesses
also received surgery when toxic symptoms
improved after anti-TB therapy, although
decreases in erythrocyte sedimentation rates
(ESR) were not obvious.

Surgical procedure: Patients in the two groups
were treated with posterior-anterior approach
surgery. The posterior approach was performed
under general anesthesia. Fixed segments
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Figure 1. Preoperative localization of skin incision.

Figure 2. Distribution of blood vessels before the ver-
tebral body and the schematic diagram of the expo-
sure approach.

were selected according to the lesion segment,
completing lumbosacral pedicle screw place-
ment, lesion segment fixation, and spinal
orthotics. The vertebral body and vertebral
numbers for pedicle screw fixation were decid-
ed by the destruction of tuberculosis lesions.
Fixed segments are better when they are short
rather than long. If the L4 vertebral body was
destroyed to an extent that it was difficult to
place the screw, then the L3 vertebral body was
chosen. However, screw placement on the
lesion vertebral body cannot be ignored [4].
Sacral vertebrae were fixed by screw place-
ment via inward or outward tilting. lliac screw
placement was selected when the destruction
of the sacral vertebrae was severe. Additionally,
facetectomies and fusion of the facet joints in
L4-5 and L5-S1 were performed.

Modified group: Patients were placed in the
supine position after posterior transpedicular
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screw system internal fixation was completed.
A median longitudinal straight incision, about
8-10 cm, was made through the abdominal skin
below the umbilicus. The skin and fascia were
dissected to expose the linea alba. The anterior
rectus sheath was dissected about 0.5 cm to
the left side of the linea alba (partial retention
of the rectus sheath for suturing in situ) to
expose the rectus abdominis. Next, there was a
dissection along the side of the inner edge of
the rectus abdominis, exposing the posterior
rectus sheath and dissect, including the poste-
rior rectus sheath in the arcuate line, exposing
the peritoneum. If the peritoneum was dam-
aged in the process of extraperitoneal separa-
tion, it was repaired in time. The parietal perito-
neum was bluntly dissected to anterior psoas
major muscles in the posterior peritoneum. The
peritoneum and its contents were slightly pus-
hed inward to expose the L5 and S1 pyramid,
abdominal aorta, and vena, internal, and exter-
nal iliac arteries and veins, as well as its bifur-
cations. The vascular wall of arteria ilica com-
munis was thick and separated easily, while the
vascular wall of venae iliaca communis was
thin, especially when located against the left
side of the L5 pyramid. The location of venae
iliaca communis was lower, compared to the
arteria ilica communis, and descended clinging
to L5 pyramid. The tuberculous focus was
accompanied with angiosynizesis, therefore, it
needed to protect the venae iliaca communis
from traction injury. After exposure of the L5-S1
interval, an L-shaped incision was made by
extending the longitudinal incision towards the
left, about 6-8 cm (Figure 1). Under the same
incision and “mobile window”, along the muscle
fiber in the outer edge of rectus abdominis, the
obliquus external abdominis, obliquus internal
abdominis, and transversus abdominis mus-
cles were bluntly dissected to the front-left of
the L4-5 pyramid from the left side of abdomi-
nal aorta and above venae ilica communis. It
then dissected the prevertebral fascia and
properly pushed aside the abdominal aorta and
venae ilica communis. Finally, effective expo-
sure of L4-5 and lumbosacral vertebrae under
“moving windows” in different intermuscular
space was completed through the same inci-
sion (Figures 2, 3). Debridement of multiple
lumbosacral tuberculosis in L4-5 and L5-S1
was then conducted, along with bone grafting.

Traditional Group: Patients were placed in the
lateral position after posterior transpedicular
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Figure 3. Schematic diagram of the focus exposure
during the operation.

screw system internal fixation was completed.
A traditional lateral retroperitoneal incision,
about 20-25 c¢m, was made. The skin and sub-
cutaneous tissue were cut open and dissected
off the muscle fibers of obliquus external
abdominis, obliquus internal abdominis, and tr-
ansversus abdominis muscles. After exposure
of the peritoneum, the posterior peritoneum
was separated inward. The posterior peritone-
um and intestinal canal were pushed aside. A
traditional S-shaped retractor was used during
surgery, exposing the psoas major muscle. It
was then bluntly longitudinal dissected along
the muscle fibers to expose the vertebrae.
Debridement was then performed. According to
patient body types and exposure of focus, inci-
sions could be properly extended toward both
ends during surgery.

After debridement and bone grafting, the two
groups received repetitious irrigating with PVP-
iodophors and normal saline. The bone graft
bed was established with autologous cortical
iliac bone or artificial bone, completing the
bone grafting. C-arm X-ray equipment was used
to confirm that the location of bone grafting
was good. Next, the wounds were washed and
bleeding was stopped. Finally, streptomycin
powder (2.0 g) and isoniazide injections (1.2 g)
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Figure 4. Preoperative CT reconstruction of lumbar
vertebra.

were locally administered. A drainage tube was
also inserted. The sheath of the rectus and the
incision were sutured layer by layer.

Postoperative management: After surgery,
patients were routinely administrated antibiot-
ics for 1 week. They were fasted routinely at
early stages, then switched to a liquid diet after
passage of gas through the anus. The drainage
tube was removed when the volume was less
than 20 mL/h. Strict bed rest was recommend-
ed for 3-4 weeks. Afterward, patients were
encouraged to walk with the effective support
of braces. After surgery, patients resumed
treatment with oral anti-TB drugs (Rifampician
0.45-0.6 g/d, Isoniazid 0.3 g/d, Ethambutol
0.75mg/d, Pyrazinamide 1.5 g/d). Pyrazinamide
was stopped 3-6 months after surgery, accord-
ing to ESR and CRP. Regular triple anti-tubercu-
losis medicine was continued for 18 months,
accompanied with liver protection drugs.

Surgical evaluation and recorded data: Ope-
ration duration times, blood loss of the anterior
approach, suture length of incisions, and drain-
age volume of anterior approach incisions we-
re recorded. After surgery, all patients routinely
wore electronic analgesia. VAS pain scores,
before surgery and 24/48/72 hours after sur-
gery, were recorded. The time of first passage
of gas by the anus was recorded, evaluating the
recovery of gastrointestinal function. Regular
checks of blood routine examinations, hepa-
torenal function, erythrocyte sedimentation ra-
tes (ESR), and C-reactive protein after the oper-
ation were performed (Figures 4-6). X-rays and
CTs were repeated every three months, while
MRIs of lumbar vertebra were repeated every
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Figure 5. X-ray radiography of the lumbar vertebra 18
months postoperatively.

Figure 6. CT reconstruction 18 months postopera-
tively.

six months. Follow-ups were performed every
three months for the first 18 months after the
operation. Afterward, follow-ups were perfor-
med once a year, up to the final follow-up.
Evaluation of ESR and C-reactive protein was
conducted for all patients before anti-TB the-
rapy, before the operation, 1 month after the
operation, and at last follow-up. Bone grafting
was followed up at 3 months, 6 months, and 12
months after the operation [5]. Length of hospi-
tal stays was recorded and compared between
the two groups of patients.

Statistical analysis

Data was analyzed with SPSS 19.0. Peri ope-
rative blood loss, incision lengths, operative
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duration times, time of passage of gas by the
anus, length of hospital stays after the opera-
tion, and other measurement data are reported
as mean = SEM (X + s). Comparisons between
the two groups were analyzed by t-tests. Enu-
meration data was compared with x? tests. P
values <0.05 indicate statistical significance.

Results
General information

The mean follow-up time of modified group
patients was 39.20+11.32 months, while th-
at of traditional incision group patients was
42.50+9.43 months. No injuries to large blood
vessels, nerves, ureters, or iatrogenic spinal
cords occurred. All incisions were primarily he-
aled and all lumbosacral pain symptoms were
improved. One patient from the traditional gr-
oup developed iliac sinuses in the 10 weeks
after the operation. This patient was consid-
ered to have developed an iliac abscess after
further examination. The patient was finally cur-
ed after a second operation for catheter drain-
age. The screw system did not show breakage
and grafting bone did not become loos, accord-
ing to final follow-up data. All patients became
free of spinal tuberculosis without relapse.

Intraoperative conditions

There were no significant differences in intraop-
erative blood loss between the two groups
(P>0.05). The anterior approach operative du-
ration of the modified group was longer than
the traditional group. This was due to smaller
incisions. However, there were no significant
differences (P>0.05). Incision lengths of the
modified group patients were significantly sh-
orter, compared to traditional group patients
(P<0.05, as shown in Table 2).

Postoperative conditions

Comparisons of the first passage of gas by the
anus, VAS scores, and post-operative hospital
stay durations between two groups are shown
in Table 3. The first passage of gas by the anus
for modified group patients was significantly
earlier than that in traditional group patients
(P<0.05). There were no significant differences
in pre-operative VAS scores between the two
groups (P>0.05, as shown as Table 1). How-
ever, at post-operative 24 and 48 hours, VAS
scores of modified group patients were signifi-
cantly lower than those in traditional group
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Table 2. Operative duration, incision length, and intraoperative blood loss (n=41)

Group Patients (n) Incision length (cm) Anterior surgery duration(min) Blood loss (ml)
Traditional Group 19 29.56+2.48 297.50+£39.07 521.25+162.55
Modified Group 25 18.08+2.66 313.2047.85 547.60+£199.06
T Value 13.843 1.098 0.443
P Value <0.001 0.279 0.660

Table 3. First passage of gas by the anus, VAS scores, and post-operative hospital stays

Patients VAS Score The first passage of Postoperative hospital
Group
(n) 24 h 48 h 72 h gas by anus (h) day (d)
Traditional Group 16 6.69+1.25 5.88+1.03 4.69+0.70 43.50+5.23 15.47+4.91
Modified Group 25 5.84+1.18 4.68+0.90 4.32+0.80 35.80+4.94 13.56+2.42
t Value 0.219 3.929 1.499 4.759 1.646
p Value 0.034 <0.001 0.147 <0.001 0.108

Table 4. Pre- and post-operative ESR and C-reactive protein

Postoperative  Postoperative

Bone graft fusion number (n)

Group Patients (n)  ESRrecovery  CRP recovery Postoperative Postoperative Postoperative
time 3 months 6 months 12 months

Traditional Group 16 5.38+1.09 5.94+1.18 8 15 16

Modified Group 25 5.68+1.82 6.08+1.68 13 23 25

T Value t=0.603 t=0.295 0.015 0.043 -

P Value 0.55 0.905 0.836 -

patients (P<0.05). Moreover, post-operative Discussion

hospital stay durations were significantly short-
er for the modified group, compared to the tra-
ditional group (P<0.05).

Evaluation of tuberculosis outcomes and bone
graft fusions

Patients in the two groups experienced relief
from the toxic symptoms of tuberculosis, includ-
ing low-grade fevers, weakness, and night
sweats at 3-6 months post-operative. According
to criterion of curing tuberculosis [6], the cure
rate was 100% in the two groups until the final
follow-up. There were no significant differences
in ESR and C-reactive protein between the two
groups (P>0.05). According to CT three-dimen-
sional reconstruction, trabecular bone bridges
were formed by bone graft fusion. Bone graft
fusion was achieved in all cases, according to
the last follow-up. There were no significant dif-
ferences in fusion rates between the two gr-
oups (P>0.05). No loosening or breaking of the
nail-rod system occurred. Moreover, no bone
graft displacement occurred in the patients
(Table 4).
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Selection of surgical methods for lumbosacral
tuberculosis

The purpose of surgical treatment of spinal
tuberculosis is to clear the focus, reconstruct
the stability of the spine, and correct deformi-
ties. Main surgical methods for spinal tubercu-
losis include the simple posterior approach,
simple anterior approach, and combined ante-
rior-posterior approach. Trauma for the simple
posterior approach is less, but bone destruc-
tion is severe. It is difficult to remove the psoas
abscess [7, 8]. Therefore, debridement is not
always thorough and recurrence is easy [9]. The
simple anterior approach can effectively rem-
ove lesions and abscesses in front of the spine.
However, because of occlusion of the sacral lor-
dosis and iliac bone, there is no mature fixation
device for the lumbosacral anterior approach.
When vertebral destruction is more than two,
kyphosis deformities and obvious sliding of the
vertebral body occurs. Thus, the simple anteri-
or approach cannot provide enough strength
for correction and stability. Bone grafting often
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causes fractures, shifts, and absorbance, re-
sulting in failure of the operation [10].

For patients with severe lumbosacral tubercu-
losis, most are subjected to posterior pedicle
screw internal fixation combined with anterior
debridement and bone grafting [11]. Major in-
dications for lumbosacral tuberculosis poste-
rior-anterior combined surgery include: (1) The
anterior and middle column of lumbosacral tu-
berculosis are badly damaged. Simple posteri-
or fixation cannot completely reconstruct the
stability of the spine; (2) With large psoas ab-
scesses, the simple anterior approach cannot
remove lesions completely; (3) Nerve function
is damaged. MRI examinations suggest that
compression of the dura sac is obvious.

Advantages of the modified “mobile window”
muscle space approach for treatment of mul-
tiple lumbosacral tuberculosis

Regarding treatment of lumbar tuberculosis,
lateral retroperitoneal approach incisions have
been adopted for the anterior approach, expos-
ing the focus by dividing abdominal wall mus-
cles and cutting open psoas major muscles. In
the treatment of lumbosacral tuberculosis,
middle incisions at the interior edge of the rec-
tus abdominal muscle have been adopted to
expose the focus for debridement and bone
grafting [12-14]. This incision is good for expo-
sure of lumbosacral vertebrae below L5, but
difficult for multiple lumbosacral tuberculosis
patients accompanied with L5 damage and
tuberculosis above L5. Therefore, there are no
good clinical solutions exposing the multiple
lumbosacral tuberculosis at the same time
under the same incision.

The current study adopted the “mobile window”
muscle space approach, which modified the
inverted L-shaped incision. This method pro-
vided good exposure for multiple lumbosacral
tuberculosis at the same time and under the
same incision via moving windows for different
intermuscular space approach. For exposure of
L5-S1 space, the median abdominal extraperi-
toneal approach was adopted. This method ex-
posed the space by cutting open the sheath of
rectus abdominis and pushing away the perito-
neum. For exposure of the vertebral body above
the L5 upper hemivertebra, the obliquus exter-
nal abdominis, obliquus internal abdominis,
and transversus abdominis muscles were blun-
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tly dissected along the muscle fiber in the outer
edge of rectus abdominis. This was by modified
incisions and lengthening the median incision
with proper arc, completing the exposure of the
intermuscular interspace approach to the mul-
tiple lumbosacral tuberculosis.

Patients in the modified group with tuberculo-
sis involved 3 vertebrae and two segments
from the L4 to S1. Advantages of this operative
method are: (U The incision is small enough to
avoid cutting off the abdominal muscle tissue.
There are no harmful effects on the abdominal
cavity. It reduces incidence of abdominal symp-
toms after the operation, providing a quick
recovery; @ The incision reduces the operation
risk and exposes the L4-5 and L5-S1 above
and below the common iliac blood vessels, sep-
arately. Debridement and bone grafting are
conducted, reducing the risk of vascular trac-
tion injury; @ This operation is convenient and
curative effects are reliable. Since the focus is
removed from two windows, the visual field is
clear. Thus, clearing of the focus is clean and
thorough. Preparation of the bone grafting bed
is thorough, the bone graft is reliable, and the
stability of the anterior column is rebuilt. Thus,
it is beneficial for anti-tuberculosis treatment
and fusion of the vertebral body after the oper-
ation [15, 16].

Key points and attention points in the opera-
tion using the “mobile window” muscle space
approach

It is feasible and practical to use the modified
inverted L incision extraperitoneal approach for
treatment of multiple lumbosacral tuberculo-
sis. Compared with the traditional approach, it
has the advantages of less surgical trauma,
clear anatomy, less postoperative complica-
tions, and high safety. However, in clinical prac-
tice, it needs attention. There are abscesses
and adhesions in tuberculosis focus and anato-
my that are not clear enough. The macrovascu-
lar is always immersed in tuberculosis absce-
sses and blood vessel elasticity is poor. Mo-
reover, this operation method needs to simul-
taneously complete debridement and bone
grafting for multiple focus in the same incision.
When passing obliquely across the common
iliac artery and veins at anterolateral of the L5
vertebrae, it needs careful attention to avoid
excessive traction, which often causes the tear-
ing of vessel wall and the formation of venous
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thrombosis. At the same time, for treatment of
lumbar focus, attention should be paid to the
protection of genital femoral nerves and ureter.
During treatment of the sacral bone graft, the
central vessel of the sacrum should be ligated
when necessary.

The “mobile window” muscle space approach
adopted in this study is characterized by the
muscle gap approach. Exposure of multiple
segmental vertebral body lesions is achieved
through mobile windows under the same inci-
sion. However, it also increases traction injuries
of rectus abdominis. At the same time, this
study was a retrospective study. It did not pro-
perly evaluate abdominal muscle fiber damage.
The follow-up sample size was small. Thus,
long-term effects on muscle function need fur-
ther observation. Therefore, future multi-cen-
ter, large sample, and prospective long-term fol-
low-ups should confirm present results.

Acknowledgements

This work was supported by grants from the
Zhejiang Provincial Medicine Health Science
and Technology Program (2014KYB207, Zhen
Lai), Health Science and Technology Project of
the Health and Family Planning Commission of
Hangzhou Municipality, China (2016A35, Jun
Fei) and Agricultural and Social Development
Independent Application Project of Hangzhou
(20191203B132).

Disclosure of conflict of interest

None.

Address correspondence to: Shengping Hu, Dep-
artment of Orthopedics, Zhejiang Chinese Medicine
and Western Medicine Integrated Hospital/Hang-
zhou Red Cross Hospital, 208 East Huancheng
Road, Hangzhou 310003, Zhejiang, China. Tel: +81-
0571-56108741; Fax: +86-0571-56109888; E-mail:
hsp0628@sina.com

References

[1] Zaveri GR, Mehta SS. Surgical treatment of
lumbar tuberculous spondylodiscitis by trans-
foraminal lumbar interbody fusion(TLIF) and
posterior instrumentation. J Spinal Disord Tech
2009; 22: 257-262.

[2] Chen M, Han ZM, Zhou Y. Rectus abdominis
extraperitoneal approach for lower lumbar spi-
nal tuberculosis. Chinese Journal of Spine and
Spinal Cord 2014; 24: 58-62.

9933

(3]

(4]

(5]

(6]

(7]

(8]

(9]

[10]

(11]

[12]

[13]

(14]

Lin JC, Zheng YC, Yan KN, Li YG, Zheng YQ, Lin
WX. Surgical treatment of lower lumbar frac-
ture with mini-incision via retroperitoneal ante-
rior approach. Chinese Journal of Orthopae-
dics 2011; 31: 50-54.

Shi JD, Wang J, Wang ZL. The surgery strategy
of spinal tuberculosis. Chinese Journal of Or-
thopaedics 2010; 30: 717-723.

Shah RR, Mohammed S, Saifuddin A, Taylor
BA. Comparison of plainradiographs with CT
scan to evaluate interbody fusion following the
use of titanium interbody cages and transpe-
dicular instrumentation. Eur Spine J 2013; 12:
378-385.

Wang Q, Jin WD, Wang ZL, Ma WX, Chen J, Ding
HQ, Qiao YD, Zhao HN, Lin ZK, Ge ZH, Si JW,
Geng GQ, Niu NK, Sun GL, Yang ZQ. The clinical
efficacy of pathologic vertebral surgery for tho-
racic and lumbar tuberculosis. Chinese Jour-
nal of Orthopaedics 2016; 36: 681-690.
Zhang HQ, Li JS, Zhao SS, Shao YX, Liu SH, Gao
Q, Lin MZ, Liu JY, Wu JH, Chen J. Surgical man-
agement for thoracic spinal tuberculosis in the
elderly: posterior only versus combined poste-
rior and anterior approaches. Arch Orthop
Trauma Surg 2012; 132: 1717-1723.

Zhao C, Pu X, Zhou Q, Huang X, Zhang C, Luo L,
Zhang Z, Hou T, Luo F, Dai F, Xu J. Can a poste-
rior approach effectively heal thoracic and
lumbar tuberculosis? microbiology outcomes
of the operative area. J Orthop Surg Res 2019;
14: 24,

Arora S, Sabat D, Maini L, Sural S, Kumar V,
Gautam VK, Gupta A, Dhal A. The results of
nonoperative treatment of craniovertebral
junction tuberculosis: a review of twenty-six
cases. J Bone Joint Surg Am 2011; 93: 540-
547.

Zhao Z, Zhu Y, Luo W, Du X, Li J, Ou Y, Quan Z.
Treatment of multiple segments of thoraco-
lumbar tuberculosis using posterior unilateral
debridement with bone graft and internal fixa-
tion. Zhongguo Xiu Fu Chong Jian Wai Ke Za
Zhi 2017; 31: 1073-1079.

Dunn R, Zondagh |, Candy S. Spinal tuberculo-
sis: magnetic resonance imaging and neuro-
logical impairment. Spine 2011; 36: 469-473.
Gumbs AA, Shah RV, Yue JJ, Sumpio B. The
open anterior paramedian retroperitoneal ap-
proach for spine procedures. Arch Surg 2005;
140: 339-343.

Li JH, Zhang ZH, Shi T, Dai F, Zhou Q, Luo F, Hou
TY, He QY, Deng MY, Xu JZ. Surgical treatment
of lumbosacral tuberculosis by one-stage de-
bridement and anterior instrumentation with
allograft through an extraperitoneal anterior
approach. J Orthop Surg Res 2015; 10: 62.
Wang HF, Yang CS, Zhen ZM. Anterior debride-
ment and fusion via paramedian retroperitio-

Int J Clin Exp Med 2019;12(8):9926-9934


mailto:hsp0628@sina.com

[15]

Surgical approach for lumbosacral TB

neal approach combined with posterior pedi-
cle screw fixation for the treatment of
lumbosacral junction tuberculosis. Chinese
Journal of Spinal and Spinal Cord 2016; 26:
813-819.

Wang WJ, Chen WK, Yan YG, Yao NZ, Wang C.
Application of anterior debridement and recon-
struction with anatomical screw-plate fixation
for lumbosacral tuberculosis: a 2-year-plus fol-
low-up. Medicine (Baltimore) 2017; 96: e7103.

9934

(16]

Shi JD, Wang Q, Wang ZL. Primary issues in the
selection of surgical procedures for thoracic
and lumbar spinal tuberculosis. Orthop Surg.
2014; 6: 259-268.

Int J Clin Exp Med 2019;12(8):9926-9934



