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The incidence of pedicle screw misplacement ranges from 2% 
to 44.2%, with screw-related neurologic complications in the 
0–0.9% range, using the aformentioned methods2,5-8,11,13-15,18,20-23).

Previous studies on the morphometry of thoracic pedicles in-
dicate that there is a high inter-individual variability in the ped-
icle dimensions17). The pedicles exhibited significant variability 
in their shape and orientation, not only between different verte-
brae within the thoracic spine, but also in the same vertebra and 
even in the same pedicle among individuals. Therefore, the start-
ing point for each thoracic screw is slightly variable and is based 
on the anatomy of the posterior elements that are visualized in-
traoperatively. It is time consuming to take C-arm images after 
each pedicle screw placement and to rearrange the drapes each 

INTRODUCTION

Pedicle screw fixation is a necessary part of various spinal sur-
geries. Despite many advantages of using pedicle screws, their 
usage in the spine is replete with danger and has the potential 
for permanent neurologic deficit, especially when placing screws 
near the spinal cord at the concave apex of a scoliotic spine5,15,16,20). 
There are several methods of pedicle screw insertion that have 
been developed to enhance the safety of its usage. Some surgeons 
first identify anatomical landmarks by intraoperative C-arm im-
age intensifier or K-wire placement into the pedicles12,21). Others 
utilize stereotactic image guided systems that are based on preop-
erative computerized tomographic (CT) scan or fluoroscopy1,9,19). 
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Results : Ninety-nine percent (181/183) of screws were contained within the pedicle (total 183 pedicle screws : 98 thoracic pedicle screws and 85 
lumbar screws). Only two of 183 (1.0%) thoracic pedicle screws demonstrated breach (1 lateral in a patient and 1 medial in a cadaver specimen). 
None of the pedicle breaches were associated with neurologic or other clinical sequelae. 
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time an image is taken. The stereotactic image guided systems 
requires preoperative CT scan with exposure to high levels of ra-
diation, higher cost, the need for expensive equipment, and pro-
longed operation time. Exposure to radiation is considered to be 
a serious health hazard1,9,19).

To improve pedicle screw placement accuracy with minimal 
radiation and maintain low cost, we developed specially designed 
guide-pin with a ball marker (Fig. 1). We can identify the desired 
starting and aiming points using this guide pin. The purpose of 
this study was to describe a novel pedicle screw placement tech-
nique using a special guide-pin and present the results of our 
first 183 pedicle screw placement analyzed by CT scan.

MATERIALS AND METHODS

In the first phase, 2 thoracic spine cadaver specimens were 
assigned to test the accuracy of the guide-pin for transpedicular 

screw fixation. A specially designed guide-pin with a marker 
was inserted into the pedicle to identify the correct starting (2–3 
mm lateral to the center of the pedicle) and aiming points (cen-

Fig. 2. A novel guide-pin was inserted into the pedicle to identify the 
correct starting point (A : the laminar 2–3 mm lateral to the center of the 
pedicle) and aiming spot (B : center of the pedicle isthmus).
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Fig. 1. Photograph (upper left) and schematic illustrations show the pre-
cise dimensions of the specially designed guide-pin with a ball maker. 
The guide-pin is composed of stainless steel. The guide-pin with a ball 
maker defines the ideal starting point by a ball marker located 15 or 20 
mm proximal to the tip and the aiming spot by the tip of the guide-pin.
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Fig. 3. Steps required for pedicle screw fixation with the specially designed guide-pin. Step 1 : complete exposure of the bony anatomy; step 2 : start-
ing point burr (2 mm) with alleged recommendation; step 2-1 : Define the ideal starting point and aiming spot using C-arm or portable postero anteri-
or/lateral X-rays; step 3 : the gearshift insertion according to the X-rays; step 4 : inner pedicle palpation and length measurement; step 5 : tapping 
and repalpation; and step 6 : screw placement slowly.
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ter of the pedicle isthmus) in posteroanterior (PA) and lateral 
X-rays (Fig. 2). 

After confirming the safety and accuracy of transpedicular 
screws using CT scan and naked eye examination in cadavers, 
eighteen patients underwent posterior stabilization utilizing trans-
pedicular screws by two surgeons from two institutions using 
the same methods described above (Phase 2). All pedicle screws 
were inserted using the free hand technique after confirmation 
of the guide-pin on PA and lateral portable/C-arm images10,11).

To objectively evaluate the position of the screws inserted, 
postoperative computed axial tomography (CAT) scans were 
performed. The relative position of the screw inside the pedicle 
was graded as follows : 1) contained : axis of the pedicle screw 
between the medial and lateral pedicle walls completely; 2) me-
dial violation : axis of the pedicle screw is out of medial wall of 
the pedicle; and 3) lateral violation : axis of the pedicle screw is 
out of the lateral pedicle wall. The positions of the scanned pedi-
cle screws were independently determined by two senior spine 
surgeons. 

Surgical technique
The surgical technique of free hand transpedicular screw place-

ment using guide-pin can be broken down into specific steps that 
are repeated at each level. 

Incision and exposure 
The first component of successful thoracic screw placement 

is meticulous exposure of the posterior elements. The spine was 
exposed to the tips of the transverse processes bilaterally, staying 
strictly subperiosteal to reduce bleeding. The facet joints were 
thoroughly cleaned of soft tissue (Fig. 3).

The placement of guide-pin using 2×15 mm cortical burring
We placed the guide-pins into the pedicles according to the 

recommended starting point following 2×15 mm hole by cortical 
burr10). We checked PA and lateral portable X-rays to adjust the 

starting and aiming points after all the guide-pins were placed 
(Fig. 4). 

Gearshift probing
We started gearshift from the dorsal lamina 2 mm lateral to 

the center of the pedicle. Gearshift was advanced from the desired 
starting point toward the center of the pedicle isthmus, which 
was the center of pedicle on a PA X-ray and isthmus on the lateral 
radiograph. After inserting the gearshift tip approximately 20 
mm (past the pedicle isthmus), the gearshift was removed. We 
confirmed the integrity of 5 bony walls with a flexible, ball-tipped 
probe. The pedicle finder was then advanced further with an 
ultimate depth averaging 45–55 mm for the lumbar spine and 
25–45 mm in the thoracic region. 

Palpation and pedicle length measurement
Once the pedicle seeker was removed, the tract was visualized. 

A flexible ball-tipped pedicle sounding or palpating device was 
utilized to palpate five distinct bony borders : a floor and four 
walls (medial, lateral, superior, and inferior). At this point, if a soft 
tissue breach was palpated, this provided an opportunity to redi-
rect the screw into an appropriate position into the pedicle.

Tapping, repalpation and screw placement
The pedicle tract was undertapped with a 1 mm less diameter 

tap than the intended screw. Following this, the pedicle tract was 
palpated again to make sure that the five osseous borders were 
intact. This second inspection often allowed palpation of distinct 
bony ridges confirming intraosseous position and the tract length 
was remeasured with a hemostat. The screw was slowly inserted 
down the pedicle into the body. 

Confirmation of intraosseous screw
It is imperative that the surgeon document intraosseous place-

ment via fluoroscopy and/or radiography. The coronal plane 

Fig. 4. Adjusting the starting point and aiming spot after complete place-
ment of guide-pin. Guide-pin A : starting point (ball marker) looks okay 
(2–3 mm lateral to the center of the pedicle) but tip of the guide pin vio-
lated medial wall of the pedicle. Ideal targeting (arrows) : same starting 
point but near perpendicular gearshift insertion required.

Fig. 5. Coronal and sagittal plane radiographs should confirm the har-
monious position of the screws by the surgeon.
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radiograph is evaluated for the harmonious position of all screws 
especially when any rotational scoliosis deformity exists. In cas-
es of shorter or longer screws compared to adjacent screws, the 
screw length as viewed on the lateral X-ray is mandatory to check 
for harmonious position. On the lateral X-ray, the screws should 
be parallel to the superior endplates, and not extending past the 
anterior border of the vertebral body. These two plane radio-
graphs should confirm the harmonious position of the screws 
as noted by the surgeon in vivo (Fig. 5).

Final instrumentation
After the insertion of the pedicle screws, deformity correction 

was carried if necessary. In addition, various osteotomy proce-
dures were used depending on the etiology of the deformity. Fi-
nal locking of the screws was performed after final rod placement. 

RESULTS

Demographic data
There were 18 patients with a mean age of 58.2 years (range, 

34–68 years) at the time of the surgical treatment. A total of 183 
thoracolumbar pedicle screws were inserted. The diameter of the 
screws used in the thoracic spine ranged from 4.0 mm to 7.5 
mm. The number of screws inserted were as follows (total 
n=183) : T1–6 n=28; T7–12 n=70; L1–5 n=85. The diagnoses 
were spondylolisthesis (7 patients), infection (3), fracture (3), 
spinal stenosis (3), degenerative scoliosis (1), and tumor (1). 

Accuracy using CAT scan evaluation 
All 183 thoracolumbar transpedicular screws inserted into the 

spine were evaluated by CAT scan to assess for screw position. 
Ninety-nine percent (181/183) of screws were contained within 
the pedicle. Among 183 pedicle screws inserted, thoracic pedi-
cle screws were accurately placed in 98% by the 2 surgeons (96 
of 98). Only two screws (2%) showed moderate cortical perfora-
tion which meant the central line of the pedicle screw was out 
of the outer cortex of the pedicle wall and included 1 screw (1%) 
that violated the medial wall (1 lateral violation in a patient and 
1 medial violation in a cadaver specimen). Eighty-five screws in-
serted into the lumbar spine showed 100% accuracy without any 
medial or lateral pedicle wall violation. 

Complications
There were no screws (out of the 135 thoracolumbar pedicle 

screws inserted into 18 patients) that caused neurologic or vas-
cular complications. There were no instances of cerebrospinal 
fluid (CSF) emanating from the initial pedicle tract during the 
preparation of the screw holes. There were no postoperative CSF 
leaks. No pedicle screw was removed for any reason.

DISCUSSION 

Pedicle screw fixation has the advantage of obtaining purchase 

of all three spinal columns without encroaching into the spinal 
canal4). This theoretical advantage has been translated to supe-
rior clinical results in fracture fixation as well as in deformity cor-
rection11,15-17,20,21). However, their usage in the spine has the po-
tential for permanent neurologic deficit, especially when placing 
screws near the spinal cord at the concave apex of a scoliotic 
spine3,5,15,18,23). The safety margin for this technique has been im-
proved through the use of image-guided techniques1,9,19). Nev-
ertheless, these newer techniques require additional equipment 
as well as the use of fluoroscopy which increases the radiation ex-
posure. 

We developed specially designed guide-pin with a ball maker 
as it allows identification of the starting and aiming points as 
well as its direction without the problems mentioned earlier. Some 
surgeons identify anatomical landmarks by K-wire placement 
into the pedicles. The incidence of pedicle screw misplacement 
ranges from 1.5% to 25% using the K-wire guided methods3,16,21). 
Although previous research showed only 1.5% misplacement, 
they admitted that the actual rate would be higher as their pa-
tients were primarily evaluated by the postoperative radio-
graphs21). Conventional K-wire guide technique could not allow 
direct visualization of the starting point on the intraoperative 
fluoroscopy and/or radiography. In the present study, only two 
pedicle screws of 183 (1.0%) demonstrated violations (1 lateral 
violation in a patient and 1 medial violation in a cadaver) as con-
firmed by postoperative CT scan evaluation of all pedicle screws 
enrolled. None of the pedicle breaches were associated with 
neurologic or other clinical sequelae. Our basic concept was 
that two points are essential to make a correct direction. One is 
starting point and the other one is aiming spot. The advantage 
of our guide-pin came from these two spots. Ball tip is corre-
sponding to “starting point” of the dorsal cortex of the pedicle. 
All previous guide-pin except ours failed to show starting point. 
Some guide-pin had notch(es) in the middle of guide-pin but 
they did not demonstrate starting point. Tip of the guide-pin is 
placed in the isthmic part of the pedicle, which is 15 mm or 20 
mm away from ball tip. The position of the tip should be locat-
ed around isthmic part of the pedicle which is 15 mm to 20 mm 
away from starting point. This special guide-pin can show exact 
starting point in the dorsal cortex of the pedicle with ball tip. 
Also tip of the guide pin can show the exact spot around the isth-
mic part of the pedicle. Thus, operator can adjust the starting 
point and aiming spot with zero violation of the medial wall of 
the pedicle.

Recently, the free-hand technique has gained popularity. Kim 
et al.10,11) reported a series in which 8000 screws had been placed 
by the free-hand technique without neurovascular complica-
tions, and only 8% had significant breaches. The free-hand 
technique relies on anatomy and the tactile feedback for pedicle 
screw insertion. We could identify the desired starting point 
and aiming spot using this specially designed guide-pin. Thus, 
we feel this novel guide-pin provides additional clinically rele-
vant information and is helpful to the spinal surgeon to under-
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take pedicle screw fixation using the free-hand technique even 
more safely. 

The weak point of this study was that confirmation of screw 
placement could only be performed by postoperative CAT scan 
and not by direct inspection in real patients. All pedicle screws 
inserted were titanium. Previous studies reported accuracy rates 
of 68% to 87% in the CT evaluation of pedicle screw placement 
in cadaver scans using titanium versus cobalt chrome screws24). 
Thus, we developed our simple CT criteria for violation of the 
pedicle wall. 

CONCLUSION

A simple, specially designed guide-pin with portable X-rays 
can provide correct starting and aiming points to place the accu-
rate pedicle screw without preoperative CT scan and intraoper-
ative fluoroscopic assistance. The placement of thoracolumbar 
pedicle screws using this guide-pin is an accurate, reliable, and 
safe without increased radiation or surgical time.

References 
1. Amiot LP, Lang K, Putzier M, Zippel H, Labelle H : Comparative results 

between conventional and computer-assisted pedicle screw installation 
in the thoracic, lumbar, and sacral spine. Spine (Phila Pa 1976) 25 : 606-
614, 2000

2. Belmont PJ Jr, Klemme WR, Dhawan A, Polly DW Jr : In vivo accuracy 
of thoracic pedicle screws. Spine (Phila Pa 1976) 26 : 2340-2346, 2001

3. Brown CA, Lenke LG, Bridwell KH, Geideman WM, Hasan SA, Blanke 
K : Complications of pediatric thoracolumbar and lumbar pedicle 
screws. Spine (Phila Pa 1976) 23 : 1566-1571, 1998

4. Cotrel Y, Dubousset J, Guillaumat M : New universal instrumentation 
in spinal surgery. Clin Orthop Relat Res 227 : 10-23, 1988

5. Esses SI, Sachs BL, Dreyzin V : Complications associated with the tech-
nique of pedicle screw fixation. A selected survey of ABS members. 
Spine (Phila Pa 1976) 18 : 2231-2238; discussion 2238-2239, 1993

6. Farber GL, Place HM, Mazur RA, Jones DE, Damiano TR : Accuracy of 
pedicle screw placement in lumbar fusions by plain radiographs and 
computed tomography. Spine (Phila Pa 1976) 20 : 1494-1499, 1995

7. Ferrick MR, Kowalski JM, Simmons ED Jr : Reliability of roentgenogram 
evaluation of pedicle screw position. Spine (Phila Pa 1976) 22 : 1249-
1252; discussion 1253, 1997

8. Hyun SJ, Kim YJ, Cheh G, Yoon SH, Rhim SC : Free hand pedicle screw 
placement in the thoracic spine without any radiographic guidance : 
technical note, a cadaveric study. J Korean Neurosurg Soc 51 : 66-70, 
2012

9. Kim KD, Johnson JP, Babbitz JD : Image-guided thoracic pedicle screw 
placement : a technical study in cadavers and preliminary clinical expe-

rience. Neurosurg Focus 10 : E2, 2001
10. Kim YJ, Lenke LG, Bridwell KH, Cho YS, Riew KD : Free hand pedicle 

screw placement in the thoracic spine : is it safe? Spine (Phila Pa 1976) 
29 : 333-342; discussion 342, 2004

11. Kim YJ, Lenke LG, Cheh G, Riew KD : Evaluation of pedicle screw place-
ment in the deformed spine using intraoperative plain radiographs : a 
comparison with computerized tomography. Spine (Phila Pa 1976) 30 : 
2084-2088, 2005

12. Kuntz C 4th, Maher PC, Levine NB, Kurokawa R : Prospective evalua-
tion of thoracic pedicle screw placement using fluoroscopic imaging. J 
Spinal Disord Tech 17 : 206-214, 2004

13. Laine T, Mäkitalo K, Schlenzka D, Tallroth K, Poussa M, Alho A : Accu-
racy of pedicle screw insertion : a prospective CT study in 30 low back 
patients. Eur Spine J 6 : 402-405, 1997

14. Lee CH, Hyun SJ, Kim YJ, Kim KJ, Jahng TA, Kim HJ : Accuracy of free 
hand pedicle screw installation in the thoracic and lumbar spine by a 
young surgeon : an analysis of the first consecutive 306 screws using 
computed tomography. Asian Spine J 8 : 237-243, 2014

15. Li G, Lv G, Passias P, Kozanek M, Metkar US, Liu Z, et al. : Complica-
tions associated with thoracic pedicle screws in spinal deformity. Eur 
Spine J 19 : 1576-1584, 2010

16. Liljenqvist UR, Halm HF, Link TM : Pedicle screw instrumentation of 
the thoracic spine in idiopathic scoliosis. Spine (Phila Pa 1976) 22 : 2239-
2245, 1997

17. Liljenqvist UR, Link TM, Halm HF : Morphometric analysis of thoracic 
and lumbar vertebrae in idiopathic scoliosis. Spine (Phila Pa 1976) 25 : 
1247-1253, 2000

18. Lonstein JE, Denis F, Perra JH, Pinto MR, Smith MD, Winter RB : Com-
plications associated with pedicle screws. J Bone Joint Surg Am 81 : 1519-
1528, 1999

19. Rajasekaran S, Vidyadhara S, Ramesh P, Shetty AP : Randomized clini-
cal study to compare the accuracy of navigated and non-navigated tho-
racic pedicle screws in deformity correction surgeries. Spine (Phila Pa 
1976) 32 : E56-E64, 2007

20. Sarlak AY, Tosun B, Atmaca H, Sarisoy HT, Buluç L : Evaluation of tho-
racic pedicle screw placement in adolescent idiopathic scoliosis. Eur 
Spine J 18 : 1892-1897, 2009

21. Suk SI, Kim WJ, Lee SM, Kim JH, Chung ER : Thoracic pedicle screw 
fixation in spinal deformities : are they really safe? Spine (Phila Pa 1976) 
26 : 2049-2057, 2001

22. Weinstein JN, Spratt KF, Spengler D, Brick C, Reid S : Spinal pedicle fix-
ation : reliability and validity of roentgenogram-based assessment and 
surgical factors on successful screw placement. Spine (Phila Pa 1976) 13 : 
1012-1018, 1988

23. West JL 3rd, Ogilvie JW, Bradford DS : Complications of the variable 
screw plate pedicle screw fixation. Spine (Phila Pa 1976) 16 : 576-579, 
1991

24. Yoo JU, Ghanayem A, Petersilge C, Lewin J : Accuracy of using comput-
ed tomography to identify pedicle screw placement in cadaveric human 
lumbar spine. Spine (Phila Pa 1976) 22 : 2668-2671, 1997


