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crease the risk for complications both in the short and long 
term5,6,10). In contrast, minimally invasive lumbar fusion using 
percutaneous screw fixation significantly diminishes the risk 
for complications such as iatrogenic soft-tissue damage and 
postoperative back pain1,4). However, the use of minimally inva-
sive mini-open PLIF using the percutaneous screw fixation sys-
tem for multi-level degenerative spine disease has not been pre-
viously described. The difficulty with rod insertion has been a 
major technical limitation for the use of percutaneous screw 
fixation involving multiple levels. The current study describes 
the surgical technique and feasibility of using the mini-open 
PLIF procedure for multi-level using percutaneous screw fixa-
tion with a vertical axis and detachable screw extender (Fig. 1).

MATERIALS AND METHODS

Patient population
During a period ranging from January 2006 to March 2008, 

INTRODUCTION

Posterior lumbar interbody fusion (PLIF) is a widely per-
formed surgical procedure for the management of pain and spi-
nal instability resulting from various degenerative lumbar spine 
diseases where the anterior column support is inadequate2,13). 
Posterior instrumentation is frequently used to augment inter-
body fusion, and pedicle screws with rods are commonly em-
ployed for this purpose. However, traditional open PLIF for in-
strument implantation requires a large midline incision and 
extensive dissection of the paraspinous muscles that can in-
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42 consecutive patients who underwent mini-open PLIF were 
included in this study. The inclusion criteria were : 1) no previ-
ous lumbar surgery, 2) instability accompanying spinal stenosis 
or spondylolisthesis at more than two levels, 3) followed up for 
more than 12 months, and 4) no severe osteoporosis (the lowest 
T-score on DEXA bone mineral density ≥3.0). The study group 
included 14 men and 28 women. The mean follow-up period 
was 25.3 months (12 months to 43 months) and the mean age 
was 59.1 (range, 23 to 78 years). The clinical outcome was as-
sessed using the visual analog scale (VAS) and Low Back Out-
come Score (LBOS) (Table 1). In addition, the presence of ra-
diological fusion, intra-operative blood loss, the postoperative 
midline surgical scar and procedure related complications were 
evauated.

Surgical technique
All patients underwent surgery in the prone position. Follow-

ing a midline skin incision, an expandable tubular retractor of 
appropriate length (X-tube, Medtronic Sofamor Danek, Mem-
phis, TN, USA) was inserted at each level. This was followed by 
central decompression. On the contralateral side, a foraminal 
decompression was carefully performed, minimizing the muscle 
retraction. Not only central decompression but also foraminal 
decompression could be sufficiently performed through the X-
tube, minimizing the damage to facet joint. Next, the percutane-
ous pedicle screws with a vertical axis and detachable extender 
(Apollon system®, Solco medical, Korea) were inserted without 
additional skin incision. After dissection of the subdermal plane, 
the percutaneous screws were inserted following retraction of 
the skin (Fig. 2). At this time, in cases where the alignment was 
not well fitted, the rod insertion may be obstructed. In these cas-
es, using the detachable screw extender of the Apollon system, 
the screw extender holder bar should be removed (Fig. 3). Then, 
by adjusting the trajectory of the screw head, the rod is manually 
controlled for insertion. Thus, the rod could be inserted with 
ease. After distraction of the instrumented vertebrae, the inter-
body peek cages filled with local bone chips harvested from the 
lamina and facet joints were inserted at each level. Finally, the 

Table 1. The low back outcome scale of Greenough and Fraser

Parameter Finding Points
Current pain 7 to 10 cm VAS 0

5 to 6 cm VAS 3
3 to 4 cm VAS 6
0 to 2 cm VAS 9

Employment Unemployed because of back pain 0
Part time 3
Full time lighter 6
Full time original 9

Domestic chores None 0
  odd jobs A few but not many 3

Most or all but more slowly 6
normally 9

Sport or active None 0
  social activities Some but much less than before 3

Back to previous level 9
Resting Resting more than half the day 0

Little rest needed occasional 4
No need rest 6

Treatment or More than once per month 0
  consultation About once per month 2

Rarely 4
Never 6

Analgesia Several times each day 0
Almost every day 2
Occasionally 4
Never 6

Sex life Severely affected impossible 0
Moderately affected difficult 2
Mildly affected 4
Unaffected 6

Sleeping Severely affected impossible 0
Moderately affected difficult 1
Mildly affected 2
Unaffected 3

Walking Severely affected impossible 0
Moderately affected difficult 1
Mildly affected 2
Unaffected 3

Sitting Severely affected impossible 0
Moderately affected difficult 1
Mildly affected 2
Unaffected 3

Travelling Severely affected impossible 0
Moderately affected difficult 1
Mildly affected 2
Unaffected 3

Dressing Severely affected impossible 0
Moderately affected difficult 1
Mildly affected 2
Unaffected 3
Total 75

VAS : visual analog scale

Fig. 1. Percutaneous transpedicular screw fixation system characterized 
by detachable screw extender system (white arrow : extender holding bar, 
black arrow : detachable screw extender fixed by extender holding bar).
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DISCUSSION

The PLIF has been associated with the improvement of the 
fusion rate while restoring disc height and maintaining verte-
bral alignment3). Since the anterior and middle spinal columns 

screws were compressed into each other 
to create a lumbar lordosis. In all pa-
tients, sitting and walking were allowed 
two days after surgery. The patients 
were instructed to wear a thoraco-lum-
bo-sacral orthosis when out of bed until 
three months after surgery.

Statistical analysis
Statistical analysis, including mean val-

ues and standard deviations, was per-
formed using SAS 6.12 (SAS institute, 
Inc., Cary, NC, USA). Comparisons be-
tween different points in time were per-
formed using the paired Student’s t-test. 
Differences were considered statistically 
significant at p<0.05.

RESULTS

Forty-two patients were included in 
this study. There were no cases to be 
converted into open surgery due to tech-
nical difficulty. The number of levels op-
erated on was two levels in 32 patients 
and three levels in 10 patients. The mean 
follow-up period was 25.3 months and 
all patients were followed for a mini-
mum of 12 months. The mean estimat-
ed blood loss was 238 mL (140-350) for 
two levels and 387 mL (278-458) for 
three levels. There were no cases re-
quired a blood transfusion. The mean 
LBOS prior to surgery was 32.5, which 
improved to 53.1 at the last follow-up 
(p=0.037). From a preoperative average 
of 7.5, the VAS score was decreased sig-
nificantly to 3.0 at 7 days postoperative-
ly and 2.9 at the final follow-up (p= 
0.015). At a minimum of 12 months fol-
low-up, all cases appeared to have solid 
fusions as judged by the presence of a 
trabecular bony bridge and less than 5° 
on dynamic flexion-extension views. 
The postoperative midline surgical scars 
were a mean of 6.27 cm for two levels 
and 8.25 cm for three levels. Complica-
tions included two cases of medial pen-
etration of the pedicle border without neurological deficits and 
one case with a deep wound infection. However, there were no 
signs of neurological aggravation or fusion failure at the final 
follow up. Moreover, there were no neurological sequelae as a 
result of misplaced pedicle screws (Fig. 4).

Fig. 2. Percutaneous transpedicular screw inserted with same skin incision line after full paraspinal 
subdermal dissection. A : Paraspinal subdermal dissection. B : Percutaneous transpedicular screw 
insertion using same skin incision.

Fig. 3. Intraoperative photographs of multi-level percutaneous transpedicular screwing. A : In multi-
level screwing, the rod insertion sometimes blocked due to misalignment (black arrow). B : In such 
cases, the extender holder bar can be removed (white arrow). 
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Fig. 4. A case of 3 level mini-open PLIF with percutaneous transpedicular screw fixation. A and B : 
Preoperative simple radiographs. C and D : Simple lumbar radiographs show bony trabeculae be-
yond the cages at 15 months after surgery. E : The operation was performed by only 8 cm skin inci-
sion. PLIF : posterior lumbar interbody fusion.
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should be well adjusted. Following this, with the alignment of 
the needle consistently maintained a needle at all segments was 
inserted to the desired depth. However, if the rod insertion is 
obstructed, the screw extender holder bar should be removed. 
Misalignment of the screw head leads to the difficulty of rod in-
sertion and the primary cause of this may be the difference in 
each of its depth and failing to keep them in perfect alignment. 
Removing the extensor bar offers possibility of controlling the 
angle of the screw head due to its polyaxial characteristics. It 
enables controlling the axis of rod insertion which facilitates the 
process of it additionally, and this is what we supplemented to 
this content. Then, the screw extender could be detached. Fol-
lowing a re-adjustment of the screw head alignment, the rod 
could be manually inserted with ease. The technical limitations 
of multi-level posterior pedicle screw fixation by percutaneous 
techniques that were present with previous sextant systems have 
been overcome with this method. Although there are potential 
benefits with the minimally invasive mini-open procedure, the 
technique also has some of its own drawbacks and limitations. 
There is a learning curve that must be achieved before the tech-
nical skills are acceptable. However, the minimally invasive 
mini-open PLIF used for multiple levels can provide many po-
tential advantages compared to the conventional PLIF, although 
technically demanding.

CONCLUSION

The vertical axis and detachable screw extender system for 
multi-level interbody fusion makes rod manipulation easier to 
perform. This technique can reduce the size of the midline skin 
incision as well as the risks for iatrogenic muscle injury. Ac-
cordingly, a prompt recovery and a good clinical outcome can 
be expected even in cases with multiple levels. 
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