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Objective: Percutaneous pedicle screw fixation (PPSF) offers some of the advantages of minimally invasive surgery. Howe- 
ver, an additional skin incision is necessary in order to gain these advantages. The author recently performed a modified 
PPSF through a single skin incision and it yielded good results. Here, we report the single incision percutaneous pedicle 
screw fixation (SIPPSF).
Methods: The medical records of 51 patients who underwent single segment transforaminal lumbar interbody fusion (TLIF) 
with pedicle screw fixation (PSF) between December 2009 and December 2011 were reviewed. The patients were divided 
into 3 groups according to the PSF technique used; conventional group (Group C), SIPPSF (Group S) and PPSF through 
multiple skin incisions (Group M). Operation time, estimated blood loss (EBL) and pain intensity before and after the opera- 
tion using a numeric rating scale (NRS) were evaluated.
Results: The number of patients in Group S, Group C and Group M was 25, 17 and 9, respectively. The NRS demonstrated 
a reduction in pain intensity in all the patients, and there were no differences in NRS scoring between the three groups. 
Group S showed a reduction in the EBL compared to Group C (p=0.001) and a reduction in the operation time compared 
to Group M (p=0.003).
Conclusion: The author supposes that the type of skin incision does not correlate significantly with the clinical results 
of TLIF with PPSF. However, it can be considered that SIPPSF offers the advantage of avoiding an additional paramedian 
skin incision.
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 INTRODUCTION

Transforaminal lumbar interbody fusion (TLIF) has been 
recognized as an effective method for treating degenerative 
lumbar spinal stenosis4). TLIF is usually used together with 
pedicle screw fixation (PSF) in spinal surgery. PSF has been 
widely recognized as an effective method for treating spinal 
instability3,5). However, conventional PSF requires extensive 
tissue dissection and excessive traction of paravertebral mus-

cles in order to secure the trace and entry point of pedicle screws, 
which results in weakness of vertebral supporting structures 
in addition to other problems such as significant blood loss13). 
In order to solve these problems, percutaneous pedicle screw 
fixation (PPSF) was introduced as a minimal invasion meth-
od16).

Percutaneous pedicle screw fixation (PPSF) is an advanced 
method of PSF maintaining merits. PPSF is advantageous in 
terms of operative time and blood loss, and protects midline 
structure of the spine with reduced muscle dissection1,7,9,15, 

17,18,20,23,24). However, an additional skin incision is necessary 
in order to gain these advantages. In order to overcome this 
limitation, we invented a method of using single skin incision. 
This method was compared with conventional PSF with TLIF 
and multiple skin incision PPSF in terms of operative time, 
blood loss and pain intensity before and after the operation 
are described in the present study.
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Fig. 1. Intraoperative photograph of single incision percutaneous
pedicle screw fixation.

Fig. 2. Postoperative scar of single incision percutaneous pedicle
screw fixation.

 MATERIAL AND METHODS

1. Materials

A total of 51 patients who underwent TLIF on a single seg- 
ment at two hospitals between December 2009 and December 
2011 were selected, and medical records were retrospectively 
investigated for the present study. Surgical indications of TLIF 
with PSF included cases of symptomatic herniated lumbar disc 
with segmental instability, lumbar stenosis, and spondylolisthe- 
sis or segmental instability of the lumbar spine. The patients 
were divided into 3 groups according to the PSF technique used; 
conventional PSF with TLIF (Group C), single incision PPSF
(Group S) and PPSF through multiple skin incisions (Group 
M). Patients who underwent surgery with other indications 
including fracture, tumor or infection were excluded from the 
present study. In all subjects, Operation time, estimated blood 
loss (EBL) and pain intensity before and after the operation 
using a numeric rating scale (NRS) were evaluated for assess- 
ment. Postsurgical NRS was checked before discharge. Follow- 
up NRS was not involved in this study. Surgeries were per-
formed by 4 specialists: Group C and Group S by senior sur-
geons, and Group M by a junior surgeon with less than 10 
years experiences.

2. Methods of operation

Conventional PSF method of Group C includes steps of per- 
forming: subperiosteal dissection at the both sides of midline 
structure to expose both facet joints and transverse processes; 
TLIF; and traction of paravertebral muscles to expose the site 
for insertion of pedicle screws.

Method of TLIF and single incision percutaneous pedicle 
screw fixation (SIPPSF) for Group S includes steps of: general 
anesthesia; drawing lines parallel to endplate of relevant verte-
bra at each pedicle site based on the center of surgical site 
vertebra using C-arm at prone position; making a midline skin 
incision 2 times longer than the parallel line by extending half 
of the length between parallel lines up and down; accessing 
to the affected side to dissect fascia layer in an appropriate 
size to perform TLIF; performing additional surgery if decom-
pression is necessary at the opposite side; inserting a drain 
tube and suturing fascia layer; securing a space for inserting 
pedicle screws between thoracolumbar fascia and subcuta-
neous fat tissues without additional skin incision; inserting 
a guide needle to relevant pedicle under C-arm guide; perfor- 
ming PPSF (GS medical AnyPlus○R MIS system GSSTM) and 
fixation (Fig. 1); and performing the same procedure at the 

other side before irrigation and suturing the wound (Fig. 2).
Method of multiple skin incision PPSF (Medtronic CD 

HORIZON○ⓡ SEXTANTTM) for Group M is similar to that 
of SIPPSF performing TLIF through midline skin incision. 
After then, 4 more small skin incisions are made after confirm-
ing insertion sites for pedicle screws using C-arm before inser- 
ting screws. Finally, additional 2 small incisions are made for 
rod insertion, and rods are inserted.

3. Statistical analysis

Student’s t-test was conducted on the collected data. Firstly, 
T-test was conducted to investigate operative time, EBL and 
perioperative difference in NRS in Group S and Group C. 
Secondly, T-test was conducted in Group S and Group M to 
investigate the same items. Significance of data was assumed 
with the p-value at 0.05 or less.

 RESULTS

The 51 patients who underwent TLIF at the 2 hospitals bet- 
ween December 2009 and December 2011 included 25 in 
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Table 1. Patient information

Group S Group C Group M Total p-value
No. of patients 25 17  9 51
Age (years) 60.8±9.6 54.4±13.9 63.7±7.6 59.2±11.3 0.078*

Gender (M/F) 10/15 10/7  5/4 25/26 0.445†

Index diagnosis (no. of patients) 0.229†

  Spinal stenosis  8  5  3 16 (31.4%)
  HNP  5  4  5 14 (27.5%)
  Instability including spondylolisthesis 12  8  1 21 (41.2%)
Level of fusion (no. of patients) 0.346†

  L1‐2  1  0  0  1 (2.0%)
  L2‐3  0  3  0  3 (5.9%)
  L3‐4  2  2  0  4 (7.8%)
  L4‐5 19 11  8 38 (74.5%)
  L5‐S1  3  1  1  5 (9.8%)
Group S means Single Incision Percutaneous Pedicle Screw Fixation (SIPPSF) group.
Group C means Conventional pedicle screw fixation group.
Group M means Multiple skin incision percutaneous pedicle screw fixation group.
*Result of Analysis of Variance (ANOVA).
†Results of Pearson’s Chi square.

Fig. 3. Postoperative X-ray finding. (A) Anteroposterior radiogra-
phic image. (B) Lateral radiographic image.

Group S, 17 in Group C and 9 in Group M. Mean age of Group 
S was 60.8±9.6 (43-82), group C 54.4±13.9 (21-72), and 
Group M 63.7±7.6 (51-79). Male/female ratio was 10/15 in 
Group S, 10/7 in Group C, and 5/4 in Group M. Regarding 
preoperative diagnosis, instability including spondylolisthesis 
most common with 21 cases (41.2%). In terms of fusion level, 
L4-5 level was most common with 38 cases (74.5%). Additio- 
nally, frequency analysis was conducted on the factors such 
as age, gender, preoperative diagnosis and surgical site, but no 
significant difference was observed among groups (Table 1).

In terms of operative time and EBL, Group S showed 182.8 
±40.1 minutes (125-290 minutes) and 316±146.3 mL (100- 
600 mL), respectively. The overall NRS of the whole patients 
improved from preoperative 7.4±1.3 to postoperative 1.0± 
0.8, respectively. When Group S and Group C were compared, 
no statistical difference in operative time and changes in peri-
operative NRS was observed, but EBL were 316.0±146.3 mL 
and 526.5±219.5 mL showing significantly less EBL in Group 
S than Group C (p=0.001) (Table 2).

When Group S and Group M were compared, EBL and peri- 
operative change in NRS did not show statistically significant 
difference, but operative time showed 182±40.1 minutes and 
231.7±39.0 minutes, respectively meaning a significantly short 
period in Group S compared with Group M(p=0.003) (Table 3).

When Group C and Group M were compared, EBL and 
perioperative change in NRS did not show statistically sig-
nificant difference, but operative time showed 194.7±38.7 
minutes and 231.7±39.0 minutes, respectively meaning a sig-
nificantly short period in Group C compared with Group M 
(p=0.003) (Table 4).

In all patients, no complication such as surgical site infe- 
ction, fracture and neurologic damage associated with surgery 
was observed during hospital stay.

 DISCUSSION

TLIF is gaining a popularity these days because nerve decom- 
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Table 2. Comparison of surgical results between single Incision percutaneous pedicle screw fixation (SIPPSF, group S) and conven- 
tional pedicle screw fixation (group C)

Group S Group C p-value

Operation time (min) 182.8±40.1 194.7±38.7 0.344
Estimated blood loss (mL) 316.0±146.3 526.5±219.5 0.001
Preoperative NRS   7.6±1.0   7.6±1.0 0.071
Postoperative NRS   1.2±0.8   0.7±0.7 0.063

Table 4. Comparison of surgical results between conventional pedicle screw fixation (group C) and Multiple incisions percutaneous 
pedicle screw fixation (group M)

Group C Group M p-value

Operation time (min) 194.7±38.7 231.7±39.0 0.030
Estimated blood loss (mL) 526.5±219.5 422.2±146.0 0.214
Preoperative NRS   7.6±1.0   7.4±1.2 0.372
Postoperative NRS   0.7±0.7   1.3±0.9 0.054

Table 3. Comparison of surgical results between single Incision percutaneous pedicle screw fixation (SIPPSF, group S) and multiple 
incisions percutaneous pedicle screw fixation (group M)

Group S Group M p-value
Operation time (min) 182.8±40.1 231.7±39.0 0.003
Estimated blood loss (mL) 316.0±146.3 422.2±146.0 0.071
Preoperative NRS   7.6±1.0   7.4±1.2 0.647
Postoperative NRS   1.2±0.8   1.3±0.9 0.589

pression and cage insertion are possible through even a unilateral 
exposure4). In addition, disc space can be exposed and the 
central structure can be preserved with reduced nerve traction. 
However, like other open posterior approaches, dissection 
and traction of paravertebral muscles are required, and con-
sequent problems are reported10). Moreover, PSF should be 
simultaneously performed in order to enhance spinal stability 
and prevent mobility of the inserted cage5). However these 
conventional PSF requires an extensive skin incision to secure 
a entry point and sufficient cortical bone surface. Accordingly, 
the damage of the paravertebral supporting structures is unavoi 
dable, and additional problems such as surgical site infection, 
increased blood transfusion due to copious bleeding, extended 
hospital stay and increased medical expenses of patients have 
been reported in the precedent studies1,9,11,14, 15,17,19,24).

Excessive dissection and traction of paravertebral muscle 
tissues during surgery can induce muscular atrophy and con-
sequently, risk of developing postoperative lumbar pain incre- 
ases6,8,21).

Kawaguchi et al.8) determined that back muscle injury, in 
terms of elevated serum levels of creatine phosphokinase MM 
isoenzyme which is an index of muscle damage, is directly 
related to the retraction pressure, time, and extent of exposure. 

Gejo et al.6) concluded that an increase in T2 signal intensity 
on serial MRIs is correlated with longer muscle retraction time 
during surgery. In addition, they reported a significant in-
crease in postoperative lumbar pain in the patients who had 
muscle traction for long time. Rantanen et al.21) reported consis- 
tent pathological changes in paravertebral muscles in case of the 
patients who have poor postoperative lumbar results. In order 
to supplement these problems, minimally invasive posterior 
lumbar fixation through PPSF has been developed1, 7,15,23,24).

As a result of performing PPSF, extensive skin incision and 
damage in paravertebral supporting structures which were 
made during the conventional spinal fixation procedure were 
minimized, and development of complications such as copious 
bleeding and risk of infection reduced. In addition, postope- 
rative joint damage and pain caused by atrophy in paraver- 
tebral muscles also decreased1,7,9,11,12,15,17,18,20,23,24). However, 
additional skin incision is necessary for PPSF. Various devices 
to supplement this limitation have been developed, but utility 
of the devices has not been proved yet. Additionally, various 
complications associated with PPSF have been reported. Sch- 
wender et al.22) reported surgical complications such as mal- 
position of pedicle screws, cage displacement and iatrogenic 
foraminal stenosis developed in about 6.1% of the total cases 
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performed PPSF using the sextant system. Dhall et al.2) repor- 
ted cases of surgical complications such as abnormal pedicle 
screws site, cage displacement and dural laceration in 14.2% 
of the total cases. In many studies, necessity of accurate inter-
pretation of fluoroscopic images and learning curve was repor- 
ted in order to use the sextant system which has a different 
surgical method from conventional PSF.

In the present study, we invented a new surgical method, 
and applied it in order to minimize problems of the conven-
tional methods, and to maintain merits of PPSF at the same 
time and compare the results. As a result, SIPPSF did not show 
a statistical significance in operative time and change in peri-
operative pain level compared with conventional PSF, but has 
an evident advantage in bleeding amount during surgery. In 
addition, compared with multiple skin incision PSF, SIPPSF 
showed a slight decrease in bleeding amount but the difference 
did not reach statistical significance. Instead, SIPPSF had sig-
nificance in reduction in operative time, even though number 
of comparing patient group was only. Other reasons on this 
result may include difference in skill of surgeons. Even though 
difference in operative time caused by difference in experience 
among surgeons who performed SIPPSF, conventional PSF 
and multiple skin incision PPSF was observed, no difference 
was reported in NRS showing indirect results of surgery. In 
addition, difference in EBL with group C indicates a minimal 
invasiveness of SIPPSF.

Interesting finding of this study was Group M results. Group 
C showed shorter operation time than Group M. (p=0.030) 
However, in the EBL, it did not show any difference with 
Group C. Group M of this study represented young surgeon. 
The number of Group M was 9 and it is smaller than other 
group. We think these factors may be associated with the results 
of Group M.

In the present study, NRS indicating patient satisfaction 
and prognosis decreased in both conventional surgery patient 
group and percutaneous surgery patient group, but difference 
between the groups did not reach statistical significance. By 
comparison, some studies reported that reduction in visual 
analogue scale in minimal invasion surgery group was more 
than that in conventional surgery group1,3,9,15,17,18,20,23,24).

 CONCLUSION

When TLIF with PPSF are performed, skin incision does not 
affect results of surgery. The proposed procedure, single inci- 
sion PPSF (SIPPSF), in the present study supposed to have the 
merits of PPSF which can obtain medial angle without addi-
tional muscle dissection and preserve mid-line structures. 
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