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were implanted into the upper and lower verte-
brae of affected segments (Figure 3C). A small 
number of paravertebral muscles were peeled 
off inwards along the upper vertebral plate on 
the recurrence side and the spinous retractor 
was used to pull the multifidus muscle inwards 
to clearly expose the remaining vertebral plate 
and articular process. Cicatricial adhesion pro-
duced by ventral dural nerve roots and rear tis-
sues of intervertebral space was carefully sep-
arated. Additionally, the inferior lumbar lateral 
recess and nerve root canal were expanded to 
completely relax the compressed nerve root. 
The contralateral intervertebral foramen was 
opened and the residual nucleus pulposus was 
removed. Bone substances removed from the 
vertebral attachment were crunched and filled 
into the front intervertebral space and one reni-
form cage with autologous bone was implanted 
into the side with obvious symptoms. After 
detecting the nerve root and drainage, bilateral 

deep fascias and middle supraspinal ligament 
were sutured and the wound was closed layer 
by layer (Figure 3D). 

In the traditional TLIF group, a midline wound 
incision was made, the paraspinal muscles we- 
re dissected from the spinous process, and fac-
etectomy and interbody fusion were performed. 
Screws were then inserted and rods were 
installed.

Postoperative management

Prophylactic antibiotics were applied for 48-72 
hours to prevent infections. The drainage tube 
(drainage fluid <50 mL) was removed timely. 
Patients were guided for straight-leg-raising tr- 
aining and wore the lumbar brace for 3 months 
after the operation. Postoperative anteropos- 
terior and lateral plain radiographs and com-
puted tomography (CT) scans were taken for  
all patients on follow-ups after 3 months, 12 

Figure 2. A, B. Before the first surgery, lumbar MR showed the left-rear protrusion of L5/S1 intervertebral disc and 
obvious compression against the left nerve root. C, D. Before the second surgery, MR images indicated the original 
operative segment of the left disc vertebral prominent again.

Figure 3. A, B. Mini-open TLIF via secondary-modified Wiltse approach used the exposure tools to peel off till the 
intermuscular space between multifidus muscle (White arrow) and longissimus muscle and exposure facet joints 
(Black arrow). C. Benefit of this approach was the clear intraoperative exposure and the screw setting was feasible 
under near-direct vision. D. The length of the sutured incision was about 4 cm.
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Radiological results of group TLIF and mini-
open TLIF

Preoperative MRIs showed disc herniation in 
the foramen causing foraminal or lateral recess 
stenosis and nerve root compression (Figure 
2C, 2D). Ideal placement of interbody fusion 
cages was verified using postoperative antero-
posterior and lateral views radiographies in all 
patients (Figure 4A-C). A total of 45 patients 
had complete or solid fusions in the final follow-
up (Siepe CT fusion criteria). There were 16 
cases of grade I and 5 cases of grade II in the 
mini-open TLIF group, while there were 22 
cases of grade I and 2 cases of grade II in the 
TLIF group. There were no statistically signifi-
cant differences in fusion between the two 
groups (P > 0.05, Table 3). No breakage or 
loosening of internal fixation occurred during 
follow-ups (Figure 4D).

Results of follow-ups in TLIF and mini-open 
TLIF

As described in Table 2, 45 patients were fol-
lowed up for 24-60 months after the operation. 
Differences in VAS scores and ODIs were not 
statistically significant between the two groups 
at different time points (12 and 24 months)  
(P > 0.05). 

Comparison of complications between TLIF 
and mini-open TLIF

Complications are shown in Table 3. Dural te- 
ars occurred in 5 cases (21%) in the TLIF gr- 
oup, of which 2 cases had leakage of cerebro-
spinal fluid after the operation. Dural tears 

occurred in 1 case in the mini-open TLIF group, 
without leakage of cerebrospinal fluid after the 
operation. Symptomatic adjacent segment de- 
generation (ASD) occurred in 1 case in the mini-
open TLIF group at 39 months after operation. 
Two cases in the TLIF group suffered from 
symptomatic ASD at 29 and 48 months after 
the operation. There was 1 case of obesity 
(BMI=30.1) complicated with fat liquefaction of 
incisions in the TLIF group, which was healed 
after hyperosmolar drainage and dressing ch- 
ange. 

Discussion

Difficulties in posterior lumbar disc revision sur-
gery include the unpredictability and anatomi-
cal disorder of the previous surgery, increased 
incidence of dural tears, and spinal nerve root 
and cauda equina injuries due to separation of 
scar tissue adhesion [9, 19-21]. Minimally-
invasive TLIF has higher operation requiremen- 
ts. Surgeons used to open surgery require spe-
cific training and adaptation processes [15, 
22]. TLIF via classic modified Wiltse approach 
may cause increased incidence of skin necro-
sis, local hematoma, synovial cysts, and other 
complications due to extensive subcutaneous 
isolation [23].

Combined with the exposure tools designed 
(Figure 1), surgical procedures will be more 
convenient under this approach. Compared 
with the efficacy of conventional TLIF in the 
treatment of RLDH, it was found that the blood 
loss and total amount of postoperative drain-
age of mini-open TLIF via modified approach 

Figure 4. A, B. After the second surgery, anteroposterior and lateral radiographs show: internal fixation in good loca-
tion. C, D. 2-year CTs after second surgery show robust bone fusion of L5/S1 intervertebral discs.
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