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Abstract: To investigate the surgical techniques and short-term clinical effects of minimally invasive lumbar interbody fusion
in the treatment of lumbar degenerative diseases, 43 patients who underwent minimally invasive posterior lumbar interbody
fusion from January 2012 to September 2014 were retrospectively reviewed. The lesion was located by C- arm fluoroscopy
during the operation. The working areas for placing pedicle screw, fusion and decompression were well exposed by the technique
of "mobile skin and soft tissue window". The operation time, intraoperative blood loss, length of incision, blood drainage and
complication after operation were recorded. Oswestry disability index (ODI) and visual analogue scale (VAS) of pre-operation, 7
days, 1, 3 and 12 months postoperatively were evaluated. 37 patients were followed up for an average of 15.2 = 4.7 months.
Intraoperative blood loss was 175.1 + 71.8 ml; operation time was 129.0 + 12.0 min; length of incision was 5.4 + 0.3 cm and
postoperative blood drainage was 116.5 = 66.0 ml. Postoperative lumbar and leg VAS and ODI scores were significantly
decreased, comparing with that of pre-operation (P < 0.05). Lumbar VAS score was 6.6 + 0.8 before operation and 0.7 + 0.6 at
12-month follow-up. Leg VAS score was 7.0 + 0.1 before operation and 0.6 + 0.5 at 12-month follow-up. Average ODI percent
was 68.6% =+ 5.4% before operation and 6.2% + 1.6% at 12-month follow-up. There were no internal fixation loose and fracture,
and the radiographic findings were consistent with the standard of the lumbar interbody fusion at the last follow-up. In the current
study, the minimally invasive treatment concept and the technology of "mobile skin and soft tissue window" are applied to the
traditional posterior lumbar interbody fusion surgery. This modified method can not only obtain good vision without special
instruments, but can also significantly reduce the skin incision and muscle tissue dissection, get less surgical trauma and better
functional recovery, achieving a satisfactory clinical effect for single segment lumbar degenerative disease.

Keywords: Spinal Fusion, Lumbar Vertebrae, Minimally Invasive Surgical Procedures

1. Introduction

Spinal fusion is a standard operation to reconstruct the
spinal stability, which has been widely used for the treatment
of many lumbar degenerative diseases [1]. Traditional
posterior fusion surgery has the property of clear field of
vision, large operation space, full and complete
decompression, but has the disadvantages of wide range
release of paraspinal muscles, big surgical trauma and more
blood loss, which would adversely affect the functional
recovery of older patients [2, 3]. To overcome these
disadvantages, a variety of minimally invasive spine

techniques are applied with good clinical outcomes [4, 5].
However, the minimally invasive techniques currently used in
spinal fusion have problems like small operative field, limited
operating space, high risk ratio of spinal injury and steep
learning curve [6, 7]. Besides, the radiation exposure of both
patients and operators is much higher than traditional
operation [8, 9]. Thus we need to combine the advantages of
minimally invasive and traditional techniques to reduce
trauma during operation. Recent years, we applied minimally
invasive techniques to traditional posterior lumbar fusion,
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using the "mobile skin and soft tissue window" technique as
the core operating strategy. Only positions that are closely
related to the operation are exposed, with same exposure field
as traditional method but significantly reduced skin incision
length, less paraspinal muscle tissue stretch, less trauma and
bleeding. Patients using this technique resulted in good
functional recovery.

2. Materials and Methods
2.1. Subject Selection

43 patients of lumbar degenerative disease who underwent
minimally invasive posterior lumbar interbody fusion from
January 2012 to September 2014 were retrospectively
included. 25 cases of male, 18 cases of female, of average age
52.3 + 17.0 years old (ranging from 42 to 89). The main
clinical manifestations were lumbago merged with unilateral
or bilateral lower extremity pain, accompanied by numbness
or intermittent claudication. 3 months later no significant side
effect after resting, medication and other conservative
treatment. There were 19 cases of lumbar disc herniation, 15
cases of lumbar spinal stenosis and 9 cases of lumbar
spondylolisthesis. Operated segments: 2 cases of L3/4, 29
cases of L4/5 and 12 cases of L5/S1. Pre-operative oswestry
disability index (ODI) was 68.6% =£5.4%, lumbago visual
analogue scale (VAS) score was 6.6 + 0.8, and leg VAS score
was 7.0 £ 0.1. Patients were taken usual X-rays of lumbar
lateral position, excessive flexion position and oblique
position, lumbar CT reconstruction and MR were taken to
confirm the pathological changes with clinical symptoms.

2.2. Surgical Methods

After intubation anesthesia, patients were placed in a prone
position, with a soft pillow under iliac crest on both sides,
floating belly. Patients were scanned by C- arm X-ray machine
to confirm the lesion segments and make marks. Use the mark
as a center to cut the skin, about 5 cm. Strictly strip along one
side of the spinous process and lamina bone surface to facet
outer edge. To expose by laminectomy retractors, place the
locating pin, use the C- arm X-ray machine for visualization
and placing pedicle screw. After extending the incision 1 cm
upward or downward to expose the adjacent facet joint, then
the pedicle screw was inserted. Use yarn block to stop
bleeding and remove laminectomy retractors. Use the same
method to implant the contralateral pedicle screw. Use the
transforaminal lumbar interbody fusion (TLIF) for
decompression [10], discectomy and interbody cage fusion
surgery. Apply anti-biotics for 3 days, with mannitol,

dexamethasone for 3 days, and mecobalamin for 7 days.
Drainage tubes were removed after 24-48 h. 2 days post
operation, do straight leg raising and lumbar back muscle
exercise; 5-7 days post operation, get out of bed wearing waist
for exercise.

2.3. Clinical Follow-up and Evaluation Methods

Telephone follow-up or clinic referral were taken 7 days, 1,
3, 6 and 12 month after the treatment, recording the pain VAS,
ODI values. 6 months later, X-rays and CT examinations were
taken to check the fusion. The fusion standard: trabecular bone
connecting the upper and lower endplate; X-ray images show
no photic zone; flexion and extension fusion segments without
displacement.

2.4. Statistical Analysis

SPSS 18.0 (PASW, Statistics, IBM) were used to analyze
the data. Data were presented as X £ § . Comparison of
values of VAS and ODI before and after treatment were
analyzed by repeated measures ANOVA. Comparison of
values within different time points were analyzed by
Bonferroni t-test. P < 0.05 was considered significant.

3. Results

The surgeries were all went smoothly. Intraoperative blood
loss was 90-300 ml (175.1 + 71.8 ml); operation time was
103-150 min (129.0 & 12.0 min); incision length 5.1-6.0 cm (5.4
+ 0.3 cm); postoperative drainage was 80-240 ml (116.5 + 66.0
ml). 2 cases of lumbar spinal stenosis showed severe spinal
adhesions, with a small range of dural tear during incision.
Postoperative drainage was clean, drainage tube was removed
24 h later, no other complications happened. All patients
showed no wound infection, nonunion or other complications.
No broken or loose of the screws were found during the
follow-up. 37 cases were followed up, average time was 13-25
months (15.2 £ 4.7 months). Pain after surgery were obviously
relieved (Table 1). Postoperative lumbar and leg VAS and ODI
scores were significantly comparing with that of pre-operation
(P < 0.05). Lumbar VAS score was 6.6 + 0.8 before operation
and 0.7 = 0.6 at 12-month follow-up. Leg VAS score was 7.0 +
0.1 before operation and 0.6 + 0.5 at 12-month follow-up.
Average ODI percent was 68.6% = 5.4% before operation and
6.2% =+ 1.6% at 12-month follow-up. 6 months after operation,
the images indicated the 32 cases showed bone fusion and
reached the standard of bone fusion at the last follow-up month.
A typical case was shown in Figure 1.

Table 1. ODI and VAS change before and after operation (X £s ) .

Before 7 day after 1 month after 3 month after 12 month after
. " o q . F Value P Value
operation operation operation operation operation
Lumbar VAS 6.6 0.8 1.5+0.6 1.2+0.6 1.0+0.6 0.7£0.6 F=54133 P =0.000
Leg VAS 7.0+0.1 1.0£0.3 09+0.4 0.8+0.6 0.6+0.5 F=881.64 P =0.000
ODI (%) 68.6 5.4 9.1+2.6 7.7+£22 6.8+1.8 62+1.6 F=2965.72 P=0.000

There is significant difference between ODI and VAS before and after operation, P < 0.05.
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Figure 1. A typical case. A, B: preoperative MRI of the lumbar spine show Ly
/5 intervertebral disc herniation, ligamentum flavum thickening, Ly, s spinal
canal stenosis; C, D: preoperative X-ray show L, vertebral degenerative
spondylolisthesis I; E, F: postoperative lumbar X-ray, the place of internal
fixation device is good; G, H: skin incision length is 6 cm, skin incision heal
and take out stitches in 12th day after operation.

4. Discussion

Minimally invasive technique is developing fast recently,
becoming the important direction of spine surgery.
Minimally invasive spinal surgery combines itself with
traditional spinal surgery to completely relieve the
compression of spinal cord and nerve roots, to reduce
damages to the original bone and soft tissue structures and to
restrict the biomechanical stability. Actually, minimally
invasive techniques cover any surgical techniques that cause
less invasive injuries, not limited to endoscopic surgery,
small incisions through expansion or fixed channel or other
microsurgery [11, 12]. Nowadays, spinal minimally invasive
technique develops from simple lumbar discectomy to

complex spinal fusion and internal fixation. Spinal
minimally invasive technique often combines spinal
endoscopy, percutaneous spinal surgery and channel

technique. But the application of spinal minimally invasive
technique encounters many problems, including the high
standard of surgical equipment and instruments, long and
steep learning curve [7, 8], increased risk of small and
limited operation vision and space, and especially difficult
operation when applying bilateral decompression with
another necessary incision [13]. Balancing the convenience
and safety of traditional open surgery and minimized tissue
trauma of minimally invasive technique would make the
ideal surgical method. Based on the traditional posterior
lumbar fusion procedure, we improved the small incision and
minimally invasive protocol and resulted in good outcomes.

Our improvement changes the traditional concept,
applying the philosophy of minimally invasive procedure to
every steps of traditional open operation and optimized the
application of surgical skills and instruments of traditional
posterior spinal surgery. The results are obvious, compared
to traditional posterior surgery, our improved method has the
following advantages: small incision, less muscle stripping,
less trauma and rapid recovery; all the operations are
finished with direct vision, of high security; a series of

operations, such as insert bilateral pedicle screw,
decompression and restoration within a single incision are
completed of high convenience; low threshold to apply, no
steep learning curve and easy to popularize. Because of less
trauma, less blood loss and less postoperative drainage, this
improved surgical method has obvious advantages
comparing to those traditional posterior lumbar internal
fixation [14]. This is especially beneficial for the elderly.
Meanwhile, this surgery largely shortens the exposure time
to X-rays, for both patients and doctors, which has positive
meanings to professional protections [9]. However, there are
also some disadvantages such as the limited incision cut,
comparing to muscle gap approach by minimally channels.
But comparing with the steep learning curve of minimally
invasive channel surgeries which demand the very rich
experience in open surgery [7, 8, 15], our improved method
is much more approachable. The technique of "mobile skin
and soft tissue window" in single segment lumbar interbody
fusion belongs to minimally invasive technique and can lay a
solid foundation for the further development for endoscopic
and channel surgeries.
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