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Fluoroscopy for Transpedicular Screw Placement in
Scoliosis: To What Extent Can Radiation Exposure
Be Reduced by the Freehand Technique?

Skolyozda Transpedikiiler Vida Yerlestirilmesi icin Floroskopi
Kullanima: Serbest El leknigi ile Hangi Olciide Radyasyon Maruziyeti
Diigsiiriilebilir?
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ABSTRACT

AIM: In spinal surgery, high doses of radiation are delivered during surgical procedures that require fluoroscopic control. The aim of this study
was to determine the amount of radiation delivered from the fluoroscopic unit and also the factors to reduce the amount of radiation during
the surgery of adolescent idiopathic scoliosis patients.

MATERIAL and METHODS: In this retrospective study 21 patients with adolescent idiopathic scoliosis treated by transpedicular screws
between 2009 and 2012 were enrolled the study. Dose Area Product (DAP) values , number of views obtained during screw placement and
other data were retrieved from the medical records of the patients.

RESULTS: The mean number of transpedicular screws used was 18. An average of 10,1 vertebrae were instrumented. The mean number of
images obtained was 7.76. Mean fluoroscopy time was 7.95 seconds. The total mean DAP was 64.6 cGy.cm?.

CONCLUSION: The amount of ionizing radiation transmitted to the patient and the surgical team can be reduced by freehand insertion,
confirmation of screw position by AP and lateral fluoroscopic views including more than one segment, the use of K-wires as a guide in spinal
segments with abnormal pedicular anatomy and neuromonitorization of the patient during the surgical correction of adolescent idiopathic
scoliosis.
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0z
AMAC: Spinal cerrahide 6zellikle floroskopik kontrol gereken cerrahi girisimlerde yiiksek doz radyasyon yayilir. Bu ¢calismanin amaci, adolasan
idiopatik skolyozlu hastalarin cerrahisinde floroskopi Ginitesinden yayilan radyasyonunu miktarini belirleme ve anormal yapilanmis pedikdllerde

klavuz k tellerinin kullanilmasi, serbest el teknigi ile transpedikiler vidalarin yerlestirilmesi, intraoperatif nGromoniterizasyonun kullanilmasi ve
cok seviye transpedikiiler vidanin tek floroskopik gortintiide goriintiilenmesinin radyasyon dozunun disirilmesinini sagladigini gdstermektir.
YONTEM ve GEREGLER: Bu retrospektif calismaya, 2009 ile 2012 yillari arasinda transpedikiiler vida ile tedavi edilen 21 hasta dahil edilmistir.
Doz Alan Uriin (DAU) degerleri, vida yerlestirilmesi esnasindaki gdriintiilenme sayilari, toplam floroskopi zamani ve diger bilgiler tibbi
kaytlarindan bulundu.

BULGULAR: Kullanilan transpedikdiler vida sayisinin ortalamasi 18 idi . Ortalama 10.1 vertebra enstriimente edildi. Elde edilen goriintileme
sayisi ortalama 7.76 idi. Ortalama floroskopi zamani 7.95 saniye idi. Floroskopi {initesi tarafindan verilen ortalama DAU degeri 64.6 cGy.cm? idi.
SONUG: Adolasan idiopatik skolyozlu hastalarin cerrahi diizeltmesinde transpedikiler vidalarin serbest el teknigi ile yerlestiriimesi, AP ve
lateral floroskobik gorintiiler ile vida pozisyonunun teyidi sirasinda birden fazla segmentin gortintlilenmesi, anormal pedikiler anatominin
oldugu segmentlerde K tellerinin klavuz olarak kullaniimasi ve hastanin néromoniterizasyonu hastaya ve cerrahi takima iletilen iyonize
radyasyon miktarini azaltabilir.

ANAHTAR SOZCUKLER: Skolyoz, Floroskopi, Radyasyon dozu, Enstriimentasyon
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INTRODUCTION

In spinal surgery, high doses of ionizing radiation are delivered
during surgical procedures that require fluoroscopic control,
such as correction of spinal deformities with third generation
transpedicular screws or kyphoplasty (12,17). Therefore,
radiation safety has become a major concern for spinal
surgeons in recent years. Although cytostatic effects of low
dose ionizing radiation have been reported (2,5,6,10), there
is no consensus about the definition of a low dose and the
safety limit for a cumulative dose. In BEIR VII (Biologic Effects
of lonizing Radiation) study, low dose radiation (<100 msv)
was found not to increase the malignancy risk, but doses
over 100 msv increase the overall cancer risk by 1% per 100
msv(14). Thus radiation safety should be provided for both the
patient and the surgical team. As in all medical procedures,
the basic principle of radiation safety “As Low As Reasonably
Achievable” (ALARA) should be followed; radiological imaging
should be used only if absolutely necessary.

The amount of radiation exposure during transpedicular
screw insertion is closely associated with the experience of the
surgeon and the technique. As the experience of the surgeon
increases, fluoroscopy time and the radiation exposure of the
patient and the surgical team decreases. Also, intraoperative
use of neuromonitorization, freehand transpedicular screw
insertion technique and using guide K-wires in pedicles with a
different structure are other factors that may help to decrease
the need for fluoroscopy.

Many studies that measure the radiation exposure of the
patient and surgical team during transpedicular screw
placement have focused on the flouroscopy usage for each
screw placed, which eventually increases the fluoroscopy
time and the amount of radiation. Post or intra-operative use
of computed tomography (CT) to confirm the position of the
screws, also exposes patients and the surgical team to high
doses of ionizing radiation compared to plain radiographs (1).

The aim of this study was to determine the amount of
radiation delivered from the fluoroscopic unit and to assess
the amount of dose reduction that can be achieved when the
transpedicular screws are inserted with freehand technique,
using guide K-wires in abnormally structured pedicles, using
intra-operative neuromonitorization and imaging the multi-
level transpedicular screws in one fluoroscopic image during
the surgery of adolescent idiopathic scoliosis (AIS) patients
and comparing the measured doses with those reported in
literature.

MATERIAL and METHODS

In this study, 21 patients with (AIS) treated with posterior
instrumentation and fusion using transpedicular screws in our
clinic between 2009 and 2012 were retrospectively evaluated.
Patients that underwent revision surgery were excluded
from the study. All transpedicular screws were placed by two
spinal surgeons who had at least 10 years of experience in
spinal surgery. Imaging was performed by a Philips Pulsera
fluoroscopy unit (Philips Medical Systems Nederland B.V.
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with automatic dose adjustment. The unit had an integrated
Dose Area Product meter (DAP meter) which shows the total
delivered radiation dose. The total dose was registered in
the hard disc of the device as “cGy.cm?” thus the DAP value
of each patient could be individually obtained. The total
number of views obtained during screw placement including
preoperative traction radiography, total fluoroscopy time,
separate tube current and voltage values for anteroposterior
(AP) and lateral views were retrieved from the unit’s hard disc
drive; weight and body mass indexes of the patients, total
number of instrumented vertebrae, total time of surgery,
total amount of blood loss, postoperative complications were
retrieved from the medical records of the patients. CT was not
used for evaluation of the transpedicular screw positions in
the postoperative period.

Surgical Procedure

Traction views were taken by fluoroscopic unit under general
anesthesia before the surgery (Figure 1). Somatosensory
evoked potentials (SSEP) were used for neuromonitorization
of all patients. In cases of suspicion, the wake-up test was
performed (Five patients). Following a median incision and
blunt dissection of paraspinal muscles, facet joints were
exposed. Facet joints were excised and the four walls of the
pedicles were palpated by a ball-pointed probe. After then the
transpedicular screws were inserted. To minimize scattered
radiation, the fluoroscopy unit was placed with the under
couch tube and the over couch image intensifier. The image
intensifier was placed as close as possible to the patient to
include the maximum possible number of pedicle screws
within one image. AP and lateral views of the maximum
number of spinal segments that the image intensifier allowed
were taken (Figure 2A, B). The surgical team was kept away
from the field behind the lead apron during fluoroscopy. A

Figure1: Traction radiograph taken under fluoroscopic control.
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guide K-wire was inserted into the pedicle in case any problem
was encountered during the placement of transpedicular
screws (Figure 3). Fluoroscopic AP and lateral views of the
related spinal segments were obtained, and screws were
reinserted taking the position of the guide K-wire into
consideration (Figure 4). Following placement of the rods and
correction of the deformity, the final status of the spine and
shoulder symmetry was confirmed by fluoroscopy (Figure
5). Conventional plain radiography was not used during the
surgery.

RESULTS

Allpatientshad roto-scoliotic deformitiesat the thoracolumbar
region. Fifteen patients were female, and six were male. Mean
age was 13.4 years (range 11-15years), the average weight
of the patients was 58.3kg (range 47-61 kg) with an average
body mass index (BMI) of 22.7(21.2-24). The mean number
of transpedicular screws used was 18 (range 12-24 screws).
An average of 10,1 (8-14) vertebrae were instrumented.
The mean number of images obtained was 7.76 (range
5-16 images), and mean fluoroscopy time was 7.95 seconds
(range 5-17 seconds). In 12 patients, additional views were
taken for suspicious spinal levels with K-wires in place. In the
fluoroscopic parameters, while the mean tube current (mA)
was 2.4 (2.1-2.7) for lateral views and 2.0 (1.9-2.3) for AP views,
the mean tube voltage (kVp) was 71 (68-77) for AP views and
75 (71-80) for lateral views. The total mean DAP value given
by the fluoroscopy unit was 64.6 (15-122) cGy.cm?2 The mean
DAP value of traction views was found to be 3.3 (2.8-3.9)
cGy.cm?, The average time of instrumentation was 2.2 hours
with an average blood loss of 1870 ml. Summary of patient
data is summarized in Table I. One patient suffered from
pneumothorax due to malpositioning of a transpedicular

Figure 2: A) Intra-operative fluoroscopic images of multi-level
transpedicular screws. AP view B) Intra-operative fluoroscopic
images of multi-level transpedicular screws. Lateral view.

2k

Figure 4: A guide K-wire was inserted into the pedicle if any

" L]
Figure 3: Intra-operative view of the positions of the guide K  problemwasencountered during placementof the transpedicular
wires. screws.
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screw at T8 vertebrae level. This patient did well following
revision and insertion of a chest tube.

DISCUSSION

All-pedicle screw insertion in the treatment of AlS has become
more widespread in recent years.(9,18). Transpedicular screw
insertion in scoliotic deformities is technically more difficult
compared to other indications of transpedicular screw
applications due to the abnormal pedicle structure and
anatomy. Thus, fluoroscopy is commonly employed in these
surgeries depending on the experience of the surgeon and
the technique. Although fluoroscopy is essential for safe screw
placement, the patient and surgical team are exposed to high
doses of radiation with increased fluoroscopy time, which
is closely associated with the learning curve (8,11,13,16,17).
Haque et al (17) placed an average of 23 screws per patient
for correction of idiopathic scoliosis, with a fluoroscopy time

Figure 5: Final status of the spine and shoulder asymmetry
evaluated with AP and lateral fluoroscopic images.

Table I: Summary of Patient Data

of 7.36 seconds per screw, making a total of 167.74 seconds
during the operation and the surgical team was exposed to
13.49 msv of radiation annually. Jones et al (8) reported 0.33
minutes of fluoroscopy use for each screw and Perisinakis
et al (13) utilized fluoroscopy for 1.2 minutes for AP and 2.1
minutes for lateral imaging for an average of 4.8 screws in
the lumbar region. Moreover, reported fluoroscopy times
are significantly high with percutaneous transpedicular
screw applications. Thus, Mroz et al (11) used fluoroscopy
for 4 minutes 56 seconds for an average 10 percutaneous
transpedicular screws. In the current study, the freehand
transpedicular screw insertion technique under continuous
neuromonitorization was used. More than one transpedicular
screw was imaged in one AP / lateral fluoroscopic image and
guide K-wires were used which were imaged with the other
transpedicular screws in the same fluoroscopicimage in cases
of suspicion. Finally, a total 7.95 seconds of fluoroscopy usage
for an average 18 transpedicular screws was achieved, which
is significantly lower compared to reports in literature.

In addition to fluoroscopy time, DAP is an important
parameter to determine the radiation dose delivered to the
patient (4). Today DAP meters integrated into fluoroscopic
units show the total dose in units as uGym?or cGycm?. DAP
values are related to fluoroscopy time, fluoroscopy output
and filtration, diameter of image intensifier and kVp-mA
values. Measured values may be compared to reference values
reported for certain procedures (7). In adolescent idiopathic
scoliosis, Schaefer et al (15) reported mean DAP values of 94.9
cGy.cm? for conventional AP full spine radiographs and 7.8
cGy.cm? for the fluoroscopic scanning method. Peristinakis
et al (13) reported DAP values for an average of 4.8 lumbar
transpedicular screws as 232 cGy.cm? for AP views and
568 cGy.cm? for lateral views. In the current study, the total
mean DAP value was 64.6 (15-122) cGy.cm? and significantly
lower compared to those reported in literature. Moreover,
preoperative conventional traction or bending radiographies
were not used to minimize the radiation dose delivered to the
patient. The surgical team was kept away from the surgical
field during flouroscopic imaging to minimize the hazardous
effect of scattered radiation.

Number of patients

Age *

Body weight*

BMI (Body mass index)*

Number of transpedicular screw *
Number of instrumented vertebrae *

Number of fluoroscopic images (including traction radiograph)*

Mean fluoroscopy time *

Tube voltage (kVp)*

Tube current (mA)*

Total DAP value*

DAP value for traction radiographs*

*:mean value.
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13.4 years (11-15years)

58.3kg (47-61 kg)

22.7 (21.2-24)

18 screws (12-24)

10,1 vertebrae (8-14)

7.76 images (5-16)

7.95 seconds (5-17 seconds)

AP: 71 kKVp(68-77) ' Lateral: 75 (71-80)
AP:2.0(1.9-2.3) | Lateral: 24 mA (2.1-2.7)
64.6 cGy.cm2 (15-122)

3.3 cGy.cm2 (2.8-3.9)
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To reduce the need of intra-operative imaging procedures,
new transpedicular screw insertion techniques have been
reported. Chang etal (3) placed 992 screws in 39 patients using
the Tai-Chi method with no imaging during surgery. However,
they confirmed the position of the screws by postoperative
AP and lateral radiographs and CT scan, thus patients were
exposed to relatively higher doses of radiation than in the
current study. The main advantages of the method used
in the current study were found to be decreased radiation
exposure for the surgical team and the patient during surgery,
and also decreased patient radiation exposure as traction
radiographs were obtained under general anesthesia by the
fluoroscopic unit rather than conventional radiographs being
taken (15). Additionally, it is thought that freehand insertion
of transpedicular screws, utilization of K-wires in difficult
vertebral anatomy, imaging of multi-level segments in a one
fluoroscopic image and neuromonitorization during surgery
will help to decrease the need for fluoroscopy use, and reduce
surgery time and the amount of blood loss with increased
safety of screw insertion.

There are some limitations to this study. Thermoluminescent
dosimeters were not used, and separate DAP values for AP
and lateral views, or for thoracic and lumbar regions could
not be measured separately. However, the effective dose to
which the patient was exposed would be as low as 0.27 msv
even in the worst possible case scenario (when the maximum
DAP to Effective dose conversion coefficient with AP view in
L1 vertebrae level was used ) (12).

CONCLUSION

The amount of ionizing radiation transmitted to the patient
and the surgeon was significantly reduced by freehand
insertion of transpedicular screws in idiopathic scoliosis.
Confirmation of screw position by AP and lateral fluoroscopic
views including more than one segment, the use of K-wires as
a guide in spinal segments with abnormal pedicular anatomy,
obtaining traction radiographs by fluoroscopy under general
anesthesia and neuromonitorization of the patient during
screw placement were seen to be effective. Fluoroscopy
time and DAP values are important and useful parameters
for monitoring the amount of radiation during fluoroscopy
assisted spinal surgery.
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