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™ Free Hand Pedicle Screw Placement in the Thoracic

Spine: Is it Safe?

Yongjung J. Kim, MD,* Lawrence G. Lenke, MD,* Keith H. Bridwell, MD,*

Yongsun S. Cho, MD,T and K. Daniel Riew, MD*

Study Design. A retrospective study.

Objective. To evaluate the safety of a free hand tech-
nique of pedicle screw placement in the thoracic spine at
a single institution over a 10-year experience.

Summary of Background Data. Thoracic pedicle screw
fixation techniques are still controversial for thoracic de-
formities because of possible complications including
neurologic.

Materials and Methods. Three hundred ninety-four con-
secutive patients who underwent posterior stabilization uti-
lizing 3204 transpedicular thoracic screws by 2 surgeons
from 1992 to 2002 were analyzed. The mean age was 27 +
10 years (range 5 + 3-87 + 0 years) at the time of surgery.
Etiologic diagnoses were: scoliosis in 273, kyphosis in 53,
other spinal disease in 68. Pedicle screws were inserted
using a free hand technique similar to that used in the
lumbar spine in which anatomic landmarks and specific
entry sites were used to guide the surgeon. A 2-mm tip
pedicle probe was carefully advanced free hand down the
pedicle into the body. Careful palpation of all bony borders
(floor and four pedicle walls) was performed before and
after tapping. Next, the screw was placed, followed by neu-
rophysiologic (screw stimulation with rectus abdominus
muscle recording) and radiographic (anteroposterior and
lateral) confirmation. An independent spine surgeon using
medical records and roentgenograms taken during treat-
ment and follow-up reviewed all the patients.

Results. The number of the screws inserted at each
level were as follows (total n = 3204): T1,n = 13; T2, n =
60; T3, n = 192; T4, n = 275; T5, n = 279; T6, n = 240; T7,
n=230;T8, n=253;T9, n =259, T10,n = 341; T11, n =
488; T12, n = 572. Five hundred seventy-seven screws
inserted into the deformed thoracic spine were randomly
evaluated by thoracic computed tomography scan to as-
sess for screw position. Thirty-six screws (6.2%) were
inserted with moderate cortical perforation, which meant
the central line of the pedicle screw was out of the outer
cortex of the pedicle wall and included 10 screws (1.7%)
that violated the medial wall. There were no screws (out
of the entire study group of 3204) with any neurologic,
vascular, or visceral complications with up to 10 years
follow-up.

Conclusions. The free hand technique of thoracic pedi-
cle screw placement performed in a step-wise, consistent,

From the *Washington University School of Medicine, St. Louis, Mis-
souri, and TUlsan University School of Medicine, Ulsan, Korea.
Acknowledgment date: October 16, 2002. First revision date: February
3,2003. Acceptance date: May 22, 2003.

The device(s)/drug(s) is/are FDA-approved or approved by correspond-
ing national agency for this indication.

No funds were received in support of this work. No benefits in any
form have been or will be received from a commercial party related
directly or indirectly to the subject of this manuscript.

Address correspondence and reprint requests to Lawrence G. Lenke,
MD, Washington University School of Medicine, Department of Or-
thopaedic Surgery, 11300 West Pavilion One Barnes Jewish Plaza, St.
Louis, MO 63110, USA; E-mail: lenkel@msnotes.wustl.edu

and compulsive manner is an accurate, reliable, and safe
method of insertion to treat a variety of spinal disorders,
including spinal deformity. [Key words: thoracic pedicle,
pedicle screws, free hand technique, neurophysiologic
monitoring] Spine 2004;29:333-342

Pedicle screws have been utilized in the lumbar spine for
superior three-column fixation for several decades.
Abundant literature supports techniques for optimal
screw placement and the resultant clinical benefits of
lumbar screws.'™'! Recently, thoracic pedicle screws
have become an alternative to hook and wire fixation in
the thoracic spine.®~®1%7!8 Because of the unique neuro-
logic and vascular anatomy present in the spinal canal
and thoracic cavity, respectively, optimal screw place-
ment is as, if not more, important for thoracic pedicle
screws.'” ™% Thus, techniques to optimize placement and
confirm intraosseous screw position must be promoted
to create as safe an environment as possible for thoracic
screw placement.

Methods to aid the surgeon in appropriate screw
placement have included the use of intraoperative fluo-
roscopy and/or radiography as well as image-guided
techniques.'?'®2*=2% The goal of the free hand technique
is to mimic as close as possible the technique of lumbar
screw placement without use of any intraoperative fluo-
roscopy, radiography, and/or image-guided tech-
niques.”'*3% The purpose of this study is to delineate the
free hand method of thoracic screw placement and to
evaluate the safety of a free hand technique of pedicle
screw placement in the thoracic spine at a single institu-
tion over a 10 year experience.

B Materials and Methods

Three hundred ninety-four consecutive patients who under-
went posterior stabilization utilizing 3204 transpedicular tho-
racic screws by 2 surgeons from 1992 to 2002 were analyzed.
The mean age was 27 + 10 years (range 5 + 3—87 + 0 years) at
the time of surgery. All pedicle screws were inserted using a free
hand technique, similar to that used in the lumbar spine, in
which anatomic landmarks and specific entry sites were used to
guide the surgeon. An independent spine surgeon (Y.J.K.) using
medical records and roentgenograms taken during treatment
and follow-up retrospectively reviewed all the patients to find
the screw related neurologic, vascular, and visceral
complications.

To objectively evaluate the position of the screws inserted
into the deformed spine, postoperative computed axial tomog-
raphy (CAT) scans were performed without any selection cri-
teria in 45 patients (577 thoracic pedicle screws). All left-sided
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Figure 1. Complete exposure and
facetectomy: expose the poste-
rior elements of the spine to the
edge of the transverse pro-
cesses bilaterally. Remove the
inferior facets with a 0.5-inch
straight osteotome (down to T10)
or rongeur (below T10). Also re-
move articular cartilage from the
dorsal side of the superior facet
of the inferior vertebra using a
small curette.

pedicle screws among scanned screws were inserted by one
senior spine surgeon (L.G.L.), and all right-sided screws were
inserted by one of four spine fellows under direct supervision of
the senior spine surgeon (LGL). The position of the scanned
thoracic pedicle screw was determined by three independent
spine surgeons (Y.J.K., Y.S.C., K.D.R.). When there was dis-
agreement on position of the screws in the pedicle, it was
counted according to at least two concordant reads. The au-
thors compared accuracy of the free hand technique and
checked the intersurgeon variability using postoperative CAT
scans. We checked the sensitivity and specificity of the triggered
electromyographic confirmation to detect medial malposition
of the screws as compared to the postoperative CAT scans. We
also checked the sensitivity and specificity of intraoperative
radiograph confirmation to detect the malposition of screws.

Preoperative Assessment. It is important for the surgeon to
gain an appreciation of the size of the thoracic pedicles on
preoperative radiographs. The size of the convex pedicles does
correlate closely with the size of the concave pedicles, and, thus,
patients with tiny convex pedicles will have tiny concave
pedicles as well. O’Brien et al'* found the size of thoracic con-
cave pedicles to vary between 4.0 and 8.2 mm in 30 patients
with operative adolescent idiopathic scoliosis.

Surgical Technique: “Free Hand” Placement. The surgical
technique of “free hand” thoracic pedicle screw placement can
be broken down into specific steps that are repeated at each
level.

1. Incision and Exposure. The first important component of
successful thoracic screw placement is meticulous exposure of
the posterior elements. The spine is exposed to the tips of the
transverse processes bilaterally, staying strictly subperiosteal to
reduce bleeding. The facet joints must be thoroughly cleaned of
soft tissue. With an osteotome, remove the inferior 3—5 mm of
the inferior facet and scrape the cartilage on top of the superior
facet to enhance the intra-articular arthrodesis (Figure 1).

2. The Cortical Burring of Starting Point. Many studies on
the morphometry of the thoracic pedicle agree with a high

interindividual variability in pedicle dimensions,'*!?-22:31-33

Usually the supine preoperative film is very illustrative to find
the ideal starting point because of prone positioning during the
operation.>®

In general, we always start from the neutrally rotated and
most distally instrumented vertebra. The starting point of the
12th vertebra is at the junction of the bisected transverse pro-
cess and lamina at the lateral border of the pars. There is a trend
towards a more medial and cephalad starting point on the
posterior elements as one proceeds to the apical midthoracic
region (T7-T9) level by level. The starting point of the apical
midthoracic region (T7-T9) is the most medially located, at the
junction of the proximal edge of the transverse process and just
lateral to the mid portion of the base of the superior articular
process. Above the midthoracic region, the starting point tends
to move slightly lateral and caudad as one proceeds more prox-
imal in the thoracic region. The starting point of the fourth
thoracic vertebra is at the junction of the proximal one third of
the transverse process and lamina just medial to the lateral
border of the pars. Lastly, the starting point of the first thoracic
vertebra is at the junction of the bisected transverse process and
lamina at the lateral border of the pars (Figure 2). It is advan-
tageous to note these trends when placing a screw at each level
in succession, working from distal to proximal in the thoracic
spine, to make fine adjustments to the trajectory of the next
screw base on the previous level screw or contralateral screw. A
3.5 mm acorn tipped burr is utilized to create posterior cortical
breach, approximately 5 mm in depth.

3. Gearshift Probing. A pedicle “blush” may be visualized
suggesting entrance into the cancellous bone at the base of the
pedicle. This may not be seen in smaller pedicles because of
very limited intrapedicular cancellous bone.

The thoracic gearshift (2 mm blunt-tipped, slightly-curved
pedicle finder) is placed in the base of the pedicle searching for
a cancellous “soft spot” indicating entrance to the pedicle. The
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Figure 2. Pedicle screw starting
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burr: the posterior elements are
burred to create a posterior cor-
tical breach, approximately 5 mm
in depth.

appropriate ventral pressure of the thoracic gearshift probe is
slightly higher than is needed when inserting the lumbar gear-
shift probe. The gearshift is initially pointed lateral as a safety
measure to avoid medial wall perforation. The 2 mm tip will go
down the cancellous portion of the pedicle even if it is quite
small. Often, the endosteal diameter of the pedicle is quite
small, so one must allow the pedicle finder to “fall” into the
pedicle. After inserting the tip approximately 15-20 mm (to
beyond the medially based spinal canal), the gearshift is re-
moved and the tip turned to face medial. Before advancing the
pedicle finder, place the tip carefully into the base of the hole.
The path down the pedicle is then continued medial into the
body with an ultimate depth averaging 30-40 mm for the
lower thoracic region, 25-30 mm in the mid thoracic region,
and 20-25 mm for the proximal thoracic region in adolescents
and most adults.®* Rotate the finder 180° to make room for the
screw after advancing the finder to the approximate length of
the desired screw. Make sure you feel bone the entire length of
the pedicle and body. Probing of the pedicle with the thoracic
gearshift should proceed in a smooth and consistent manner
with a snug feel because of the small size of the thoracic
pedicles. Any sudden advancement of the gearshift suggests
penetration into soft tissue and thus a pedicle wall or vertebral
body violation. These should be investigated immediately in
order to possibly salvage the pedicle and avoid complications.
The surgeon must use caution as the anterior and lateral verte-
bral body cortices are not very strong and may be easily pene-
trated by the gearshift tip (Figure 3).

4. Palpation and Pedicle Length Measurement. Once the
pedicle seeker is removed, the tract is visualized to make sure
that only blood is coming out and not cerebrospinal fluid
(CSF). We notice the amount of blood extruding from the pedi-
cle hole, as excessive and/or pulsatile bleeding may indicate
epidural bleeding secondary to a medial wall perforation.
Next, a flexible ball-tipped pedicle sounding or palpating de-
vice is utilized to palpate five distinct bony borders: a floor and

1 Junction of the bisected transverse process and lamina
at or just medial to the lateral aspect of the pars

four walls (medial, lateral, superior, and inferior). Pay special
attention to the junction of the middle and upper portions of
the tract (the first 10-15 mm of the tract), as this is the region
of the pedicle where the spinal canal is located and the pedicle
isthmus is located. This is an absolutely critical step, whereby
inadvertent deep (anterior), medial, lateral, or more rare supe-
rior and inferior pedicle breaches can be identified. At this
point, if a soft tissue breach is palpated, there may be an op-
portunity to redirect the screw into an appropriate position
into the pedicle so that complete intraosseous borders can be
obtained. If any wall including the medial has been breached,
the pedicle may be salvageable. Otherwise, place bone wax in
the pedicle hole to eliminate the bleeding and reangle the pedi-
cle finder with a more appropriate trajectory.

With the sounder in the base of the anticipated pedicle tract
after confirming five intraosseous borders, mark the length of
the tract with a hemostat and measure it. If the tract appears
too shallow, consider replacing the gearshift and advancing to
the appropriate length (Figure 4).

5. Tapping, Repalpation, and Screw Placement. The pedicle
tract is undertapped with a 0.5 mm less diameter tap than the
intended screw. If there is difficulty passing the tap, use the next
smaller tap and retap the pedicle. Following this, the pedicle
tract is palpated again to make sure that the five osseous bor-
ders are intact. This second palpation will often allow palpa-
tion of distinct bony ridges confirming intraosseous position,
and the tract length is remeasured with a hemostat. Compare
this measurement directly adjacent to the screw to be placed to
ensure appropriate screw length. Place the screw slowly down
the pedicle into the body in the same alignment to confirm it is
threaded properly and allow for viscoelastic expansion. Invari-
ably, the smaller pedicle diameters are located at T6 and T7
and in the proximal thoracic concavity (e.g., T3-T4). It is ad-
vantageous to have a variety of pedicle diameters and lengths
available between 4.0 mm to 7.0 mm in 0.5 mm increments,

Copyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.



336 Spine * Volume 29 * Number 3 * 2004

Figure 3. Gearshift probing: initially, direct the gearshift laterally to the depth of 20 mm (the approximate depth of the pedicle) to diminish
the likelihood of medial pedicle perforation. Then, remove the gearshift and redirect it medially. Use the nondominant hand to brace the
gearshift from sudden advancements.

Figure 4. Palpation and pedicle
length measurement: palpate all
four walls of the pedicle and the
pedicle tract floor using the ball-
tipped probe to insure intrapedicu-
lar placement. With the probe fully = oy
inserted, clip the probe with a he- —
mostat at the level of the lamina, ?
and then measure the tract-length T
to determine pedicle screw length. R
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Figure 5. Tapping, repalpation,
and slow screw placement. A, Un-
dertap the pedicle 0.5 mm smaller
than the intended screw diameter.
B, Repalpate the pedicle tract with
the ball-tipped probe once more.
C, Place the screw very slowly to
maximize the viscoelastic expan-
sion of the pedicle tract. It is im-
portant to pay attention to screw
height to facilitate rod placement
later.

and lengths ranging from 25 mm for the smaller diameter
screws up to 55 mm for the larger diameter screws (Figure 5).

If the pedicle is quite small or when more than one pass has
to be made into a pedicle with the thoracic gearshift, then a
K-wire is placed down the pedicle tunnel into the body and
tapping can occur over that. It is mandatory that a bony floor
exists when using a K-wire so as not to advance the K-wire
beyond the anterior or lateral cortex. If there is any question
whether the anterior wall is intact, never use a K-wire as car-
diac tamponade due to K-wire advancement into a coronary
artery has been reported.’”

Screws are inserted on every segment on the correction side
such as the concave side of a hypokyphotic or normal kyphotic
idiopathic scoliosis curve and convex side of a hyperkyphotic
idiopathic scoliosis. On the contralateral side, we have inserted
screws every third or fourth vertebrae after placing two lower
most screws. In kyphosis and congenital scoliosis, more screws
were utilized to increase the rigidity of the instrumentation

6-1. Confirmation of Intraosseous Screw by Imaging. It is
imperative that the surgeon document intraosseous placement
via fluoroscopy and/or radiography. The coronal plane radio-
graph is evaluated for the harmonious position of all screws
especially when any rotational scoliosis deformity exists. In
cases of shorter or longer screws compared to adjacent screws,
the screw length as viewed on the lateral radiograph is manda-
tory to check for harmonious position. On the lateral radio-
graph, the screws should be parallel to the superior endplates
and not extending past the anterior border of the verte-
bral body. These two-plane radiographs should confirm the
harmonious position of the screws as noted by the surgeon
(Figure 6A).

6-2. Confirmation of Intraosseous Screw by triggered Elec-
tromyography (EMG). Electromyograph (EMG) stimulations
are performed with real time monitoring of thoracic nerve root
recording from the rectus abdominus musculature. This will be

5A; Undertap with a 0.5mm less
diameter tap than the intended
SCTew.

5B, Palpate the distinct intact five
bony nidges confirming intra-
osseous position.

5C, Place the screw very slowly
to maximize the viscoelastic
expansion of the pedicle tract.

an appropriate assessment for screws placed from T6 to T12,
which innervates the rectus abdominus muscles. A triggered
EMG threshold of less than 6.0 mA, coupled with threshold
values 65% or more decreased from the “average” of all other
T6-T12 screws in that patient thresholds in a given patient,
should act as a “red flag” alerting the surgeon to suspect a
medial pedicle wall breach by the screw.'> We removed the
screw and repalpated the pedicle walls once again if a screw
met these warning criteria. We then decided to replace or dis-
card the screw by the result of the third pedicle wall palpation,
screw positioning on radiographs, and overall assessment of
how the screw felt during placement throughout the thoracic
and lumbar spine (Figure 6B).

7. Deformity Correction. After the insertion of the pedicle
screws, deformity correction was carried out using a transla-
tional technique, rod rotation maneuver,* and direct vertebrae
rotation and translational techniques using bilateral multiple
screw anchors. In addition, various osteotomy procedures such
as a single pedicle subtraction or multiple Smith Peterson type,
or a vertebral column resection were used depending on the
etiology of the deformity. Final locking of the screws was done
after final rod contouring using scoliosis and coronal benders.
Bone grafting from posterior iliac crest or autogenous ribs was
performed (Figure 7).

H Results

Demographic Data
There were 394 patients with a mean age of 27 + 10
years (range 5 + 3-87 + 0 years) at the time of the
surgical treatment. A total of 3204 thoracic pedicle
screws were inserted. The diameter of the screws used in
the thoracic spine ranged from 4.0 to 6.5 mm. The num-
ber of the screws inserted at each level were as follows
(total n = 3204): T1,n = 13; T2, n = 60; T3, n = 193;
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Figure 6. Confirmation of in-
traosseous screw placement us-
ing intraoperative anteroposterior/
lateral radiographs and triggered
EMG testing. A, Anteroposterior
and lateral radiographs including
all inserted screws are performed
after all screws are placed. B,
Triggered EMG testing of the
screws. Thoracic screws from T6
to T12 can be monitored with the
rectus abdominus muscles.

T4,n=275;T5,n=279;T6,n =240;T7,n = 230; T8,
n=253;T9,n=259;T10,n = 341; T11,n = 489; T12,
n = 572 (Figure 8).

The etiologic diagnoses were scoliosis (273 patients):
adolescent idiopathic scoliosis (n = 150); congenital scoli-
osis (n = 18); juvenile idiopathic scoliosis (n = 8); adult
idiopathic scoliosis (n = 54); neuromuscular scoliosis (n =
33); scoliosis associated with various syndromes (n = 10);
kyphosis (53 patients); Scheuermann kyphosis (n = 18);
fixed sagittal imbalance syndrome including ankylosing

spondylitis (n = 31); congenital scoliosis (n = 3); neuro-
muscular kyphosis (n = 1); fracture (45 patients); tumor
(12 patients); infection (4 patients); and failed back surgery
syndrome (7 patients) (Table 1).

Accuracy Using CAT Scan Evaluation
Five hundred seventy-seven screws inserted into the de-
formed thoracic spine were randomly evaluated by tho-
racic CAT scan to assess for screw position. According to
the diagnoses, the number of screws placed were: 488

Preop. Standing AP ,Lateral and Side Bender

Figure 7. A patient with a triple
major curve, Lenke type 4C+:
perioperative radiographs and
intraoperative pictures.
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Figure 8. Number of thoracic
pedicle screws (n = 3204) per

T8 77

level. Number of thoracic pedicle screws (n = 3204) per level

screws for adolescent idiopathic scoliosis (39 patients),
26 for scoliosis associated with various syndromes (2
patients), and 63 for Scheuermann kyphosis (4 patients).

Of the 577 thoracic pedicle screws inserted into de-
formed spine, 370 screws were placed by one senior
spine surgeon (L.G.L.), and 207 were placed by the four
spine fellows under supervision of the senior spine sur-
geon. Thoracic pedicle screws were accurately placed in
93.8% by the 5 surgeons. Thirty-six screws (6.2%)
showed moderate cortical perforation, which meant the
central line of the pedicle screw was out of the outer

Table 1. Patients’ Distribution by Diagnosis

Diagnosis No. of Patients
Scoliosis n=273
Congenital scoliosis 18
Juvenile idiopathic scoliosis 8
Adolescent idiopathic scoliosis 150
Adult idiopathic scoliosis 54
Neuromuscular scoliosis 33
Syndrome related 10
Kyphosis n=>53
Congenital kyphosis 3
Scheuermann kyphosis 18
Ankylosing spondylitis 4
Neuromuscular kyphosis 1
Fixed sagittal imbalance 27
Others n==68
Fracture 45
Tumor 12
Infection 4
Failed back surgery syndrome 7

cortex of the pedicle wall, and included 10 screws (1.7%)
that violated the medial wall. Among the 370 screws
were inserted by one senior spine surgeon (L.G.L.), 22
screws (7.0%) showed moderate cortical perforation
and included 5 screws (1.4%) that violated the medial
wall. Of the 207 screws inserted by the 4 spine fellows,
14 screws (6.8 %) showed moderate cortical perforation
and included 5 screws (2.4%) that violated the medial
wall. There were no significant differences in overall ac-
curacy between the senior surgeon and four spine fellows
under supervision (x* test, P = 0.70) including medial
cortical wall perforation (Fisher exact test, P = 0.34).

Out of 514 screws inserted into the scoliotic spine, 33
screws (6.4%) were inserted with moderate cortical per-
foration and included 9 screws (1.8%) that violated the
medial cortical wall. Among 63 screws inserted into the
kyphotic spine, 3 screws (4.8 %) were inserted with mod-
erate cortical perforation and included 1 screw (1.6%)
that violated the medial wall.

Four hundred fifteen thoracic pedicle screws were
placed between T6 and T12 in 45 patients. Among them,
339 screws have triggered EMG and postoperative CAT
scans. The CAT scan showed 334 well-positioned screws
and 5 screws with distinct medial wall violation. Two
out of five medially violated screws met the warning cri-
teria by Raynor et al.>* According to the threshold values
of triggered EMG, 25 screws met a warning criteria. As a
warning criteria for medial wall violation in the thoracic
spine, the sensitivity of the triggered EMG was 0.40 and
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specificity was 0.93. The positive predictive value of the
triggered EMG was 0.08 and negative predictive value
was 0.99.

The intraoperative radiographs demonstrated 517
well-positioned screws and 60 screws with pedicle wall
violation. Among the 60 malpositioned screws, only 21
screws met the moderate pedicle wall violations by post-
operative CAT scan. The sensitivity of the intraoperative
radiographs was 0.58 and specificity was 0.93 in detect-
ing significant pedicle wall violation. The positive predic-
tive value of the triggered EMG was 0.35 and negative
predictive value was 0.97.

Complications

Screw Insertion Related. Ten out of 577 thoracic pedicle
screws randomly evaluated by thoracic CAT scan
showed medial cortical wall violation between 2.5 to 5.0
mm. There were 26 screws inserted with moderate lat-
eral cortical perforation between 3.0 to 6.0 mm. Mis-
placed screws were accepted and were left in position
because there were no associated complications.

Neurologic Problem. There were no screws (out of the
entire study group of 3204 thoracic pedicle screws) with
any neurologic or vascular complications at up to 10
years follow-up. There were several instances of CSF em-
anating from the initial pedicle tract during the prepara-
tion of the screw holes. The tract was sealed off using
bone wax, and the screw site was abandoned. There were
no postoperative CSF leaks.

H Discussion

Thoracic pedicle screw fixation is potentially dangerous
because of the maximum permissible translational error
of less than 1 mm and rotational error of less than 5° at
the normal midthoracic spine using a geometric model
due to small pedicle diameter?” and little space between
the spinal cord and medial pedicle.'”*® There are several
methods of thoracic pedicle screw insertion to enhance
the safety, such as guide pins into the pedicles'®'” intraop-
erative C-arm image intensifier,>'%? direct visualization of
the medial wall after laminotomy,***® and image-guided
systems based on CAT scan or fluoroscopy.>*=2%4* Al-
though recently developed, image-guided techniques have
been associated with increased accuracy. However, this
technique needs preoperative CAT scanning with irradia-
tion, high cost, expensive equipment, and prolonged oper-
ative time.'®?*=28 To detect the cortical wall defect of the
pedicle, triggered EMG'>3%*3** and intraosseous endos-
copy**** have been used.

For thoracic pedicle screws used in the treatment of spi-
nal deformities, the incidence of screw misplacement ranges
from 3% to 44.2%, with screw-related neurologic compli-
cations in the 0% to 0.9% range.'>7~%11-13:16-18.39 A fey
reports have described complications caused by overpen-
etration related to the placement of thoracic pedicle screws
with major visceral injury.'®3”*> Although many studies
reported medial wall violation of the thoracic pedicle be-

tween 1.4% and 14% from 1 mm to 8.0 mm, there were no
permanent neurologic, cardiovascular, or pulmonary com-
plications associated medial wall violation in any
cases,6-5-12:13,18,24,30,39

This current study showed 10 screws with medial cor-
tical wall violation (between 2.5 and 5.0 mm) and 26
screws with lateral wall violation (between 3.0 and 6.0
mm) out of 577 thoracic pedicle screws evaluated by
CAT scanning. There have been no perioperative com-
plications and postoperative neurologic complications.
Also, there have been no vascular or visceral sequelae.
Additionally, there were no screws (out of the entire
study group of 3204 thoracic pedicle screws) with any
neurologic or vascular or visceral complications at up to
10 years follow-up through medical records.

This low incidence of neurologic complications re-
lated to the misplacement of the thoracic pedicle screws
may be attributed to unique characteristics of the tho-
racic spine. The anatomic characteristic of the thoracic
pedicle demonstrates a thicker medial cortical wall com-
pared to the lateral wall. Compared to the lumbar spine,
the pedicle entry point is more ventral. The convex and
ventral side of the scoliotic spine usually has spacious
room because the dural sac and spinal cord shift toward
the concave, dorsal side. Rotation of the concave pedicle
toward the convex side increases the angle of conver-
gence relative to the sagittal plane but the paravertebral
muscles on concave side make a medial pedicular perfo-
ration more difficult. The removal of the 5 mm of dorsal
laminar bone around the pedicle entry point by a burr
could make the starting point for the gearshift ventral to
the dorsal surface of the dura and very near the pedicle
isthmus. Because of these unique anatomic characteris-
tics and possible plastic deformation of the pedicle wall
when the ratio of the screw-to-pedicle diameter exceeded
65% or 80%,'%33 pedicle screw fixation of scoliotic and
nondeformed thoracic spines may be performed in a safe
manner.

We hypothesize a “definite safe zone” (<2 mm),
“probable safe zone” (2-4 mm), and “questionable safe
zone” (4—8 mm) of medial encroachment if there are no
abnormal electrophysiologic findings during and after
insertion because of plastic deformation, fluid, or soft
tissue-filled potential space and mild pedicle fracture
based on many above-mentioned iz vivo studies. This
assumes the encroachment is not occurring at the con-
cave apex of a scoliosis deformity where these tolerances
may not be acceptable and no direct contact between
screw and the spinal cord.

Although Raynor et al'® showed that triggered EMG
responses less than 6 mA or less than 35% from the
“average” of all other T6-T12 screws in that patient
thresholds in a given patient should act as a “red flag”
alerting the surgeon to suspect a medial pedicle wall
breach by the screw, this study demonstrated that trig-
gered EMG monitoring with same criteria did not signif-
icantly improve the reliability of the safe screw place-
ment in the thoracic spine, based on postoperative CAT
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scanning, because of poor sensitivity and positive predic-
tive values.

The reliability of pedicle screw assessment utilizing
plain radiographs versus CT reconstruction or on ca-
daver study was very poor from 10% to 83%.>-*1-#6=48
This study also demonstrated poor sensitivity and posi-
tive predictive value. In the case of a scoliotic spine, me-
dial cortical wall violation is much more difficult to de-
termine because of the rotational deformity. Therefore,
the accuracy rate of thoracic pedicle screws should be
determined by CAT or MRI scans or direct visualization
only.

Obviously, there are many other methods available to
aid surgeons to place thoracic pedicle screws safely. One
of the more common means is to use intraoperative flu-
oroscopy. In this manner, the circle of the pedicle can be
viewed as a “bullseye” in the frontal plane and the sag-
ittal inclination of the vertebra can be accurately assessed
with lateral fluoroscopy. Some assessment of the axial
plane orientation of the screw can also be obtained, but it
is not foolproof. There are also other more advance tech-
nologies using CT scan-acquired images to created intra-
operative models to help assess local access and screw
placement. Surgeons can also make intraoperative lami-
notomies with direct medial wall palpation of the pedicle
to assure that the screws are not penetrating medial®’
into the spinal canal. Thus, we stress that surgeons
should use whatever they require to make thoracic pedi-
cle screw placement in their hands. Our results document
that we have been able to create a safe method of tho-
racic pedicle screw placement without use of these other
intraoperative methods/devices, but we acknowledge
that this method may not be the best for many surgeons.
Surgeons must use their best judgment for creating the
safest environment as possible when placing thoracic
pedicle screws.

H Conclusion

A free hand thoracic pedicle screw insertion technique
for the surgical treatment of normal and deformed tho-
racic spines without any radiographic guidance and/or
intraoperative tracking devices appears to be a safe, and
reliable procedure. One must have a thorough knowl-
edge of spine and vertebral anatomy, follow and use
diligent and repetitive confirmatory steps to compul-
sively assure intraosseous placement.

H Key Points

e The free hand technique of thoracic pedicle
screw placement performed in a step-wise, consis-
tent and compulsive manner is an accurate, reli-
able, and safe method of insertion to treat a variety
of spinal disorders, including spinal deformity.
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B Point of View

Mark B. Kahins, MD

Our extensive experience (approximately 10 years) with
thoracic pedicle screw fixation has yielded similar results
as presented by the authors. We have witnessed minimal
morbidity and have found it to be a safe and reliable
form of fixation. We utilize a mini-laminotomy tech-
nique that allows for inspection of the superior, medial,
and inferior borders of the pedicle. Furthermore, identi-
fication of the pedicle walls provides feedback to the
operating physician for both starting location and screw
projection. Drilling of the pedicle is completed while the
assistant surgeon monitors and protects the medial wall
with a probe. Violation of the lateral wall of the pedicle
is not typically problematic, as the screw is usually se-
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cured within the costovertebral articulation. The leading
threads of the screw must always reside within the ver-
tebral body.

A retrospective review of 100 consecutive patients
treated at our institution utilizing this application tech-
nique yielded nearly comparable results. There were no
permanent spinal cord injuries, spinal fluid leaks, vis-
ceral injuries, or vascular injuries. One patient was found
to have a transient incomplete posterior cord syndrome
and one other had a transient thoracic radiculopathy.

Plain radiographs are of limited value in assessing
screw location, particularly in deformity cases. Com-
puted tomography is the imaging modality of choice.
Triggered electromyographic monitoring may provide
the surgeon with a false sense of security and should not
be relied on solely for screw location. Screw placement at
unrecognized stenotic sites may place the patient at
greater risk for iatrogenic neurologic injury. Decompres-
sion should be completed before hardware placement.

Although considered generally safe, thoracic screw
placement should be completed only by surgeons who
command appropriate understanding of spinal anatomy
and the technical issues of screw placement.
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