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Introduction

Several minimally invasive spine technologies are 
undergoing vigorous development to obtain better practical 
results and social benefits in the clinical treatment of a variety 
of spinal disorders. Therefore, a greater number of spinal 
surgeons and medical facilities are launching minimally 
invasive spine technologies. Minimal invasiveness is 
a technology, a concept, a means, and a goal. Minimal 
invasiveness is not merely a “small incision”; the efforts to 
reduce wound length and injury to soft tissues, like skin, is 
also an important component of minimally invasive spine 
technologies.[1‑6]

Foley et al.[7,8] first reported minimally invasive transforaminal 
lumbar interbody fusion  (TLIF) in 2002. Minimally 
invasive TLIF uses a paramedian incision that spares the 
spinous process and interspinous ligament and retains the 
corresponding blood supply compared to the traditional 
open TLIF. The direct exposure of the facet and transverse 
processes through the sacrospinalis muscle causes very little 
stripping damage to sacrospinalis muscle, and this exposure is 
helpful during postoperative recovery. In addition, minimally 
invasive TLIF directly exposes the transverse process and 
facet joint via an intramuscular approach, which facilitates 
the placement of screws along the anatomical direction of the 
pedicle.[9‑13] A review of the relevant literatures from the past 
10 years showed that minimally invasive TLIF has primarily 
used bilateral paramedian incisions during treatment. This 
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approach produces clearer clinical efficacy, but it also has 
some drawbacks, including the need for bilateral incisions 
and the effect of surgical scars on appearance.[9‑17]

This study further investigated the clinical surgical feasibility 
of Mast Quadrant‑assisted minimally invasive modified 
TLIF with a small single posterior median incision based on 
previous clinical surgeries using Mast Quadrant‑assisted 
minimally invasive modified TLIF with a double paramedian 
incision.[14,18] A clinical comparison between these two 
methods was also conducted.

Methods

Patient data
From March 2011 to March 2012, 34  patients with 
s ingle  segmental  lumbar  degenerat ive  disease 
(18 males and 16 females) for whom conservative treatment 
was ineffective underwent minimally invasive modified 
TLIF in Huashan Hospital, Fudan University. The Mast 
Quadrant‑assisted operation with a small single posterior 
median incision was performed in the single incision 
group. The clinical manifestations of patients in this group 
included symptoms of a unilateral or bilateral radiation to 
a lower extremity with or without obvious low back pain, 
with symptoms aggravated after walking. Before surgery, 
patients were clearly confirmed to have lumbar degenerative 
diseases  (e.g.,  lumbar intervertebral disc herniation, 
lumbar spinal canal stenosis, and degenerative lumbar 
spondylolisthesis) using conventional lateral and dynamic 
lumbar X‑ray examination, computed tomography scans 
of the lumbar spine with two‑dimensional reconstruction, 
and lumbar spine magnetic resonance imaging  (MRI) 
examination. All patients had nonobvious symptom 
remission or recurrent symptoms after 6 months of regular 
conservative treatment. Patients in this group were compared 
to the 37 patients with single‑segment degenerative lumbar 
disease in the double incision group who received the 
Mast Quadrant‑assisted minimally invasive modified TLIF 
with a double paramedian incision between June 2010 and 
February 2011 in Huashan Hospital, Fudan University. The 
average age and average weight of patients in the single 
incision group were 56.0 ± 13.5 years and 68.3 ± 8.2 kg, 
respectively, and the average age and average weight of 
patients in the double incision group were 54.8 ± 12.7 years 
and 70.3  ±  7.7  kg, respectively. The t‑test results of the 

corresponding data between these two groups showed no 
significant differences  (P  values were 0.696 and 0.270, 
respectively) [Table 1].

Surgical procedure
Modified transforaminal lumbar interbody fusion with a 
small single posterior median incision
A C‑arm fluoroscopy machine (Siemens, Germany) was used 
to locate surgical segments [Figure 1a]. A posterior median 
longitudinal incision of approximately 4 cm was made, using 
the surgical space as the midline. Skin and subcutaneous 
tissues were sequentially cut to expose the lumbodorsal fascia 
until it was free 2.0–2.5 cm from the symptomatic side or the 
side with serious symptoms. A longitudinal cut approximately 
3.0–3.5 cm in length was made in the lumbodorsal fascia, 
and Quadrant retractors were sequentially placed to establish 
a working channel [Figure 1b]. The lower articular process 
and lower 1/2–2/3 of the lamina of the upper vertebra on 
the affected side, ligamentum flavum, and the thicker part 
of the upper articular process were cut with forceps under 
direct vision to fully decompress the nerve root and central 
canal. The affected segment of the intervertebral disc was 
exposed and excised, the intervertebral space was cleaned, 
and the intervertebral space was distracted to the appropriate 
height. The decompressed and excised autologous bone 
graft was trimmed to bone particles of an appropriate size 
and was implanted into the anterior disc space. A Capstone 
intervertebral fusion device  (Medtronic Sofamor Danek, 
USA) filled with autologous bone particles was implanted 
under direct vision [Figure 1c and 1d]. Pedicle screws and 
rods (Medtronic Sofamor Danek, USA) were further installed 
for fixation.[18,19] A longitudinal cut was made in lumbodorsal 
fascia from the posterior median incision (2.0–2.5 cm) to the 
contralateral free skin and subcutaneous tissues to establish 
a working channel for the placement of pedicle screws and 
rods for fixation on the contralateral side. During the bilateral 
pedicle screw placement process, the direction of Quadrant 
retractor should be adjusted in order to obtain sufficient 
inner inclination for the screw placement. Fenestration 
and decompression were performed based on the clinical 
symptoms and radiographic spinal stenosis conditions. After 
flushing and hemostasis, a negative pressure drainage system 
was placed on the side of the interbody fusion surgery. The 
bilateral lumbodorsal fascia was densely sutured, and the 
incision was closed  [Figure  1e]. The pedicle screws and 

Table 1: Comparison of basic clinical data of patients between the two groups

Characteristics Single incision group Double incision group P
Number of cases (n) 34 37 –
Age (mean ± SD, years) 56.0 ± 13.5 54.8 ± 12.7 0.696
Weight (mean ± SD, kg) 68.3 ± 8.2 70.3 ± 7.7 0.270
Male/female (n/n) 18/16 21/16 –
Surgical segment 4 cases at L3‑4, 17 cases at L4‑5, 13 cases at L5‑S1 6 cases at L3‑4, 16 cases at L4‑5, 15 cases at L5‑S1 –
Clinical diagnosis Lumbar intervertebral disc herniation 8 cases, 

lumbar spinal canal stenosis 15 cases, and 
degenerative lumbar spondylolisthesis 11 cases

Lumbar intervertebral disc herniation 10 cases, 
lumbar spinal canal stenosis 18 cases, degenerative 
lumbar spondylolisthesis 9 cases

–

SD: Standard deviation.
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intervertebral fusion device had a good location on X‑ray 
immediately after surgery [Figure 1f and 1g], and the length of 
the wound was approximately 4.0 cm postoperative 3 months 
follow‑up [Figure 1h].

Modified transforaminal lumbar interbody fusion with a 
double paramedian incision
Surgical segments were located by fluoroscopy before 
surgery. A 3.0–3.5 cm incision was made from the posterior 
midline to both sides. A longitudinal paramedian incision 
approximately 3.5 cm in length was made using the surgical 
space as the midline. Skin and subcutaneous tissues were 
sequentially incised to expose and cut the lumbodorsal fascia. 
Quadrant retractors were sequentially placed to establish a 
working channel. Decompression was performed, and the 
interbody fusion operation was completed on the side with 
lower limb symptoms or serious symptoms. Fenestration and 
decompression were performed based on the contralateral 
clinical symptoms and imaging manifestations. Bilateral 
placement of pedicle screws and rods was performed for 
fixation. After flushing and hemostasis, a negative pressure 
drainage system was placed on the side of interbody fusion 
operation, and incisions were sutured layer by layer.[14,18]

Comparison of indicators
•	� Operation indicators: Statistical analysis of the operation 

time, intraoperative fluoroscopy time, intraoperative blood 
loss, incision length, and perioperative complications of 
the two groups.

•	� Functional evaluation indicator: The Oswestry Disability 
Index  (ODI) and Visual Analog Scale  (VAS) scores 

of the two groups before surgery and 3, 12  months 
postoperation.

•	� Sacrospinalis muscle damage evaluation indicator: Three 
months postoperation, patients in the two groups received 
electrophysiological examinations of sacrospinalis 
muscle at the surgical segment. The MEB9400‑K 
electromyography instrument  (Nihon Kohden, Japan) 
performed surface electromyography of sacrospinalis 
muscle at the surgical segment. The electromyography 
indicators of the sacrospinalis muscles, including the 
average discharge amplitude  (AMP, μV) and average 
discharge frequency (Hz), were measured. In addition, 
a 3.0 T MRI (TR = 3000, Siemens, Germany) was used 
to performed continuous scanning of the sacrospinalis 
muscle at the surgical segment. A  multifidus area of 
1.5 cm × 1.5 cm at the level of the midline fusion device 
was symmetrically selected to measure the T2 relaxation 
time.[14]

•	� Evaluation of fusion using radiological imaging: The 
Brantigan‑Steffee fusion criteria evaluated the fusion 
conditions of patients in the two groups.[20]

Statistical analysis
All data were analyzed using SPSS 17.0  (SPSS Inc., 
Chicago, IL, USA). Data were presented as mean ± standard 
deviation (SD). The t‑test was performed to evaluate changes 
in surgical indicators, sacrospinalis muscle injury evaluation 
indicator, VAS scores, and ODI scores before and after 
surgery of the two groups. The P < 0.05 was considered to 
be statistically significant.

Figure 1: Surgical procedure of modified transforaminal lumbar interbody fusion with a small single posterior median incision. (a) Preoperative 
localization of the surgical segment; (b) 3.0–3.5 cm longitudinal incision was made in the lumbodorsal fascia, and expose the lamina on the 
symptomatic side; (c and d) Remove part of lamina, decompress the canal, and conduct the interbody fusion; (e) The appearance and length of 
the wound after closing; (f and g) The anteroposterior and lateral X‑ray results immediately after surgery; (h) The appearance and length of the 
wound at postoperative 3 months follow‑up.
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Results

A total of 31 and 35 cases in the single incision and double 
incision groups, respectively, completed at least 12 months 
of systemic follow‑up. Five patients of two groups were lost 
to follow‑up in this study. The average operation times of 
the two groups were 149.2 ± 28.2 min and 155.7 ± 28.6 min, 
respectively. No significant difference was observed 
between the groups (P = 0.333). The average intraoperative 
fluoroscopy time of the two groups was  81.3  ±  11.5 s 
and 86.3 ± 11.7 s, respectively. No significant difference 
was observed (P = 0.072). The comparison of intraoperative 
blood loss and postoperative drainage between the two 
groups showed no significant differences, with P values of 
0.909 and 0.343, respectively. The total surgical incision 
lengths in the two groups were 4.4 ± 0.7 cm and 7.5 ± 0.4 cm, 
respectively, which were significantly different (P = 0.000). 
For the perioperative complications, one case in the single 
incision group had a postoperative superficial infection at 
the incision site, which recovered after enhanced dressing, 
and one case developed pulmonary infection, which 
recovered after antibiotic treatment. In the double incision 
group, two cases had pulmonary infections, and one case 
had fat liquefaction at the wound, which recovered after 
treatment [Table 2].

The ODI and VAS scores of patients in the two groups before 
surgery and at 3, 12 months postoperation all significantly 
improved (all P < 0.05). The ODI and VAS scores at 3 and 
12 months postoperation did not show significant differences 

between the two groups (P ≥ 0.05). The AMP (μV), average 
discharge frequency of sacrospinalis muscle, and MR T2 
relaxation time between groups were not significantly 
different (P ≥ 0.05) [Table 3].

The radiological results of 12 months postoperation showed 
that there was no Grade A and B of the Brantigan‑Steffee 
fusion criteria in both groups; two cases and three cases of 
Grade C were in the single incision group and double incision 
group, respectively. The fusion rate of the two groups 
was 93.5%, 91.4%  (Grade  D and E cases), respectively; 
there were no significant differences between the two 
groups (P ≥ 0.05).

Discussion

Minimally invasive spine surgery (MISS) is the combination 
of traditional spinal surgery with minimally invasive 
technology to ensure the effectiveness of spinal surgery. 
This technology tries to minimize the interference of surgery 
on the injury and physiological function of surrounding 
tissues to achieve smaller incisions, less tissue damage, 
lighter systemic reactions, faster recovery cycles, and better 
psychological effects.[1‑6] Due to the disease characteristics 
and the treatment requirements of clinical diagnosis and 
treatment of spinal surgery, spinal surgery has as its “goal” the 
preservation of the following tissues and structures: Nervous 
tissues, such as the spinal cord and nerve root, the inherent 
bony structure of the spine, the muscle fascia surrounding 
the spine, and the local skin surrounding the surgery site. 

Table 2: Comparison of operative indicators between the two groups

Category Single incision group Double incision group P
Operation time (mean ± SD, min) 149.2 ± 28.2 155.7 ± 28.6 0.333
Intraoperative fluoroscopy time (mean ± SD, s) 81.3 ± 11.5 86.3 ± 11.7 0.072
Intraoperative blood loss (mean ± SD, ml) 169.9 ± 38.9 168.7 ± 46.7 0.909
Postoperative drainage (mean ± SD, ml) 103.3 ± 28.9 109.8 ± 28.6 0.343
Total surgical incision length (mean ± SD, cm) 4.4 ± 0.7 7.5 ± 0.4 0.000
Perioperative complication (n) 2 3 –

Nerve root injury 0 0
Superficial wound infection 1 0
Other complications 1 (pulmonary infection) 3 (2 pulmonary infection, 1 wound fat liquefaction)

SD: Standard deviation.

Table 3: Comparison of clinical function scores and sacrospinalis muscle damage between the two groups  (mean ± SD)

Category Single incision group Double incision group P
Preoperative VAS scores 5.0 ± 1.4 4.9 ± 1.3 0.728
VAS scores at 3 months postoperation 1.2 ± 0.8 1.2 ± 0.8 0.718
VAS scores at 12 months postoperation 0.4 ± 0.6 0.4 ± 0.6 0.728
Preoperative ODI scores 59.2 ± 9.5 57.4 ± 9.0 0.392
ODI scores at 3 months postoperation 23.4 ± 8.7 24.0 ± 8.4 0.764
ODI scores at 12 months postoperation 11.1 ± 2.8 11.5 ± 2.6 0.478
Sacrospinalis muscle damage evaluation

Average discharge amplitude (μV) 202.4 ± 17.6 198.6 ± 16.3 0.343
Average discharge frequency (Hz) 98.9 ± 7.3 95.9 ± 7.5 0.091
MR T2 relaxation time (ms) 49.6 ± 8.4 52.8 ± 7.2 0.084

SD: Standard deviation; VAS: Visual Analog Scale; ODI: Oswestry Disability Index; MR: Magnetic resonance.
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Therefore, the basic principle of MISS can be summarized as 
follows: On the bases of the safe and effective decompression 
of nervous tissues, such as the spinal cord and nerve root, the 
destruction of inherent bony and ligamentous structures of 
the spine is minimized as much as possible, the damage of 
muscle and fascia tissues around the surgical area is reduced, 
and the length of the skin incision is reduced. In other words, 
from the earliest total laminectomy for decompression to 
unilateral lamina fenestration decompression, the destruction 
of bony and ligamentous structures of the lumbar spine is 
effectively decreased, which allows minimal invasiveness 
in the development of lumbar intervertebral disc herniation 
treatment. The use of the Wiltse paraspinal approach to 
reduce sacrospinalis muscle damage is minimally invasive, 
and the transition from longitudinal incision to transverse 
incision in the anterior cervical spine to effectively minimize 
skin incision is also minimally invasive.[21,22] However, 
it must be emphasized that the essence of “minimal 
invasiveness” is to require less surgical trauma to reach the 
equivalent or better efficacy than traditional open surgery. 
If MISS only obtains a “small incision” in appearance using 
an advanced endoscope, percutaneous surgical technique, or 
other new high technologies but does not perform effective 
decompression for important tissues, such as spinal cord 
and nerve root, or it does not obtain better results than the 
traditional open surgery due to insufficient decompression 
or improper surgical operation, then this so‑called “minimal 
invasiveness” is meaningless.[23]

A large number of the past studies have shown that minimally 
invasive TLIF was better or equal to the traditional open 
TLIF in clinical efficacy, and most comparative studies have 
shown that minimally invasive TLIF did not significantly 
increase the operative‑related complications.[9‑17] In addition, 
most of the clinical studies have confirmed that minimally 
invasive lumbar posterior surgery could significantly 
reduce the paraspinal muscles injuries compared with the 
traditional open approaches.[12,14,24‑26] On the bases of clinical 
performance of the Mast Quadrant‑assisted minimally 
invasive modified TLIF with a double paramedian incision, 
this study further investigated the clinical surgical feasibility 
of the minimally invasive modified TLIF with a small single 
posterior median incision. This study found that the clinical 
efficacy of this minimally invasive modified TLIF with a 
small single posterior median incision was the same as that 
of the previous double paramedian incision. This technology 
reduced the number of surgical incisions, which may have 
reduced the overall incidence of wound complications. It 
also significantly shortened the total surgical incision length. 
Although this modified clinical operation did not significantly 
increase clinical efficacy, it effectively shortened the length 
of surgical incisions and presented an excellent minimally 
invasive spinal operation concept because this technique 
allowed the safe and effective decompression of nerve 
structures such as nerve roots (i.e., the clinical efficacy and 
perioperative complications between the two groups were 
not significantly different) and minimized the destruction 
and damage of inherent bony and ligamentous structures 

of the spine and muscle fascia tissues  (i.e.,  the excised 
bony structure was the same, and the exposure and surgery 
were conducted through a paraspinal approach in which 
the muscle tissue injury was not increased). This surgical 
approach significantly shortened the skin incision length 
and minimized the potential effect of skin scarring on local 
appearance and the requirement of a second surgery.

It should be noted that Mast Quadrant‑assisted modified 
TLIF with a small single posterior median incision may 
have some potential shortcomings, such as subcutaneous 
free might affect the blood supply of the skin, and increase 
in incision‑related complications. However, the total surgical 
incision length of this technique was just  4.4  ±  0.7  cm, 
without extensive subcutaneous free. In theory, the influence 
of the blood supply was relatively small. Moreover, in this 
study, the patients in the single incision group did not have 
any wound‑related complications. In addition, in order to 
obtain sufficient inner inclination for the screw placement, 
it is necessary to adjust the direction of quadrant retractors 
repeatedly.

In conclusion, through this clinical comparison study, we 
considered the Mast Quadrant‑assisted minimally invasive 
modified TLIF with a small single posterior median incision 
to have excellent clinical operation feasibility compared 
to the minimally invasive TLIF with a double paramedian 
incision. The minimally invasive modified TLIF with a small 
single posterior median incision significantly shortened 
surgical incisions and exhibited similar clinical efficacy. 
This approach is an excellent concept for minimally 
invasive surgery, and patients are more willing to accept 
this technique. Therefore, this technique has clinical value 
for promotion.
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