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position. Besides, this situation may depend also on ex-
perience level of the radiology technician. As a conse-
quence, operation room staff may be exposed to high
level of ionizing radiation during surgery. In this study,
we have aimed to evaluate the effect of use of the dou-
ble-fluoroscopy on the level of radiology emission and
duration of surgery in the patients who underwent os-
teosynthesis by cannulated screw fixation for femoral
neck fracture. Our hypothesis to conduct this study is
that use of double fluoroscopy reduces both duration of
surgery and level of the exposure to ionizing radiation. 

MATERIAL AND METHODS

Our retrospective study included 35 patients who were
performed osteosynthesis by cannulated screw fixation
for femoral neck fracture between December 2013 and

INTRODUCTION

Proximal femoral fracture demonstrates high morbidity
and mortality rates and one of the most commonly per-
formed trauma surgeries (14). It is estimated that ap-
proximately annually 4.5 million femoral fractures will
occur worldwide in 2050 (21). Femoral neck fractures
make an important part of the hip fractures. Cannulated
screw fixation by closed repositioning is one of the
leading surgical techniques performed in femoral neck
fractures (2, 4, 19, 24). In general, repositioning is
achieved using the traction table before sterile staining
during the surgery. In repositioning and osteosynthesis
by single-fluoroscopy; images should be obtained in
two different planes thus taking multiple fluoroscopic
images is required. During this procedure, numerous
unnecessary images may be taken due to inaccurate fo-
cusing of the fluoroscopy on the targeted localization or
inability to reposition the fluoroscopy on the targeted
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ABSTRACT

PURPOSE OF THE STUDY
The most commonly used technique for fixation of the femoral neck fractures is percutaneous osteosynthesis with

cannulated screw under fluoroscopy guidance. Osteosynthesis performed under single-fluoroscopic guidance requires
continuous repositioning the fluoroscope to obtain biplane imaging. This study aimed to evaluate whether there is a statistically
significant difference between the osteosynthesis procedures performed under guidance of single-fluoroscopy and double
fluoroscopy with respect to radiation emission safety and treatment parameters for fixation of femoral neck fractures. 

MATERIAL AND METHODS
This retrospective study included 35 patients operated for femoral neck fracture between December 2013 and October

2017. Osteosynthesis was performed in 21 of these patients using cannulated screw under guidance of single-fluoroscopy
whereas other 14 patients underwent same type of osteosynthesis assisted by double-fluoroscopy. The parameters of these
two groups such as duration of surgery preparation, duration of the surgery, duration of radiation exposure, collo-diaphyseal
angle and Harris hip score values were recorded. 

RESULTS
No significant difference was found between the groups regarding time for surgery preparation (p > 0.05). On the other

hand, duration of surgery and overall duration of radiation exposure were found 14 (p < 0.05) and 15 (p < 0.05) minutes
shorter in the double-fluoroscopy group, respectively. No significant difference was found between the groups in terms 
of collo-diaphyseal angle and Harris hip score values (p > 0.05).

CONCLUSIONS
Use of double-fluoroscopy significantly reduces time of surgical duration and also level of radiation exposure in surgery 

of femoral neck fractures.
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October 2017. Mean age of the pa-
tients included in the study was
33.39 (20–46) years. Preoperative
radio graphies of the patients were
taken and all fractures were classified
according to Garden’s Classification
(10). The patients whose preoperative
radiographies could not be obtained
and patients with an inserted fixation
material except cannulated screw, a
medical history of previous open
surgery, pathological fractures and
polytraumas were excluded from the
study. Data of the patients such as
age, time for surgery preparation
(time required from the end of anaes-
thesia-related procedures to reduction
is achieved), duration of surgery and
overall radiation duration were
recorded. It was determined that all
the patients were 
operated within the first 24 hours
after application to the hospital. 
Collo-diaphyseal angle values of all
the patients in both groups were
recorded based on their postoperative
control radiographies. Mean follow-
up duration was 11.8 (6–20) months.
The study group included 25 male
and 11 female patients. All the pa-
tients were undergone functional
evaluation based on Harris hip scores
in their last control examinations.

The study has been reported in
line with the STROCSS criteria (1).

Surgical technique
All the patients were operated on

the fracture table. Following anaes-
thesia induction, the broken leg was
placed in the neutral position on the
coronal plane after traction apparatus
was connected to both feet. Both in
the single-fluoroscopy and double-
fluoroscopy groups, the opposite leg
was taken into abduction to allow
the best entrance of the device
(Fig. 1). Philips (BV Endura, An-
dover, MA) fluoroscopy device was
used in the patients.

In the single-fluoroscopy group, the device was placed
into the operation site through both legs after connecting
traction apparatus and positioning the patient. Prior to
skin preparation for surgery, fracture repositioning was
performed after obtaining images on the antero-posterior
(AP) and lateral planes. Following, the device was with-
drawn and sterile draping was performed. Then, the
device was placed into the same position and the cannu-
lated screws were forwarded by controlling on the AP
and lateral planes. 
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In the double-fluoroscopy group, one of the fluoroscopes
was inserted by maximally approximating to the hip by
making a tilt of 15 degrees through both legs in the
sagittal plane. While the other fluoroscope was positioned
perpendicularly to the patient by making an angle of 90
degrees in the operation site. In the same manner, prior
to skin preparation for surgery, fracture repositioning
was performed by controlling on the AP and lateral
planes. After marking the position of the devices on the
basement using medical plaster following reduction,

Fig. 1. Preoperative preparation of patient and flouroscopies.

Fig. 2. Peroperative view of fracure reduction and surgery with double flouroscopy.
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types; Garden Type 2, Type 3 and
Type 4 fractures were determined
and no significant difference was
found in terms of fracture type be-
tween the groups (p > 0.05) (Table 1).
Accor ding to the comparison with
respect to time for surgery prepara-
tion, this time interval was 20.5 (15–
26) minutes in the double-fluoro -
scopy group whereas that was 18.2
(12–27) minutes in the single-fluoro -
scopy group. There was a difference
of 2 minutes in favor of the single-
fluoroscopy group between the
groups but this difference was not
statistically significant (p > 0.05).
In terms of surgical duration; mean
surgery duration was 37.7 (28–50)
minutes in the double-fluoroscopy
group whereas this interval was 51.9

(30–75) minutes in the single-fluoroscopy group. There
was a difference of 14 minutes between the groups but
this difference was statistically significant (p > 0.05)
(Table 2). With respect to overall duration of radiation
exposure, there was a difference of 25 seconds between
the groups and this difference was statistically significant
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the devices were withdrawn to perform skin preparation
for surgery and sterile draping. Need for technician was
minimized by obtaining AP and lateral images simul -
taneously during the surgery (Fig. 2). In both groups, 
3 pieces of 6.5 mm spongios cannulated screws were
used in accordance with the principle of three point
fixation (Fig. 3). All of the operations were performed
by two senior surgeons (AK, SÇ). It was recorded that 
3 distinct fluoroscopy technicians with an experience of
minimum 3 years functioned during the operations.

Statistical analysis
Kolmogorov-Smirnov test was used for distribution

of the variables and descriptive statistical analysis. Stu-
dent’s t test was used in analysis of the differences
between the groups with normally distributed data while
comparison between the non-normally distributed data
were analyzed by Mann-Whitney U test. Alpha signifi-
cance level was accepted 0.05 and all the tests performed
were two-tailed tests.

RESULTS

Ages of the patients in the groups were compared
and no significant difference was found between the
groups (Table 1) (p > 0.05). In analysis of the fracture

Fig. 3. A – preoperative X-ray of an 23-year-old patient who had collum femoris
fracture; B – preoperative reduction views which are obtained by double flouroscopy;
C – final flouroscopy view of patient after surgery.

Table 1. Outcomes of a study comparing double fluoroscopy with single fluoroscopy 

Single flouroscopy Double flouroscopy p
Mean. s.s./n-% Median Mean. s.s./n-% Median

Age 32.6 ± 7.3 34.0 34.2 ± 7.0 35.0 0.434 m

Operation time (min) 52.0 ± 12.9 50.0 37.8 ± 9.1 33.5 0.001 t

Preparation time (min) 18.3 ± 4.6 18.0 20.6 ± 3.4 20.0 0.122 t

Radiation time (min) 67.4 ± 14.5 66.0 42.9 ± 8.6 45.0 0.000 t

Collo-diaphyseal angle 126.1 ± 3.9 125.0 127.9 ± 3.9 127.5 0.200 t

Fracture type G2 5 23.8% 3 25.0% 0.960 X

(Garden classification) G3 8 38.1% 6 50.0%
G4 8 38.1% 5 41.7%

t t test / m Mann-Whitney U test / X  Chi-Square test

Table 2. Comparison of surgery time between two flouroscopy
groups
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(p > 0.05) (Table 3). No significant difference was
found between the groups in terms of collo-diaphyseal
angle values determined based on the postoperative
control radiographies (p < 0.05). Of the parameters
tested at the last control examination; mean Harris hip
score of the single-fluoroscopy group was 90.2 (84–96)
whereas that value of the double-fluoroscopy group was
90.1 (83.8–96). This difference between the groups was
not statistically significant.

DISCUSSION

We have suggested in this study that use of double-
fluoroscopy shortens level of the radiation exposure
during the osteosynthesis by cannulated screw fixation
performed for femoral neck fractures and duration of
surgery. 

Anatomic reposition and rigid fixation in the femoral
neck fractures reduces incidence of the complications
that may occur after surgical procedures (8, 22, 23, 27).
Sliding hip screw and cannulated screw are the most
commonly preferred materials (7, 9, 16). Its availability
for closed application and thus low amounts of haemor-
rhage and minimal levels of tissue loss are the most im-
portant advantages of the fixation by cannulated screws. 

One of the complications during closed osteosynthesis
is exposure of the surgical team to a high level of
ionizing radiation. It has been shown that exposure to
radiation increases seriously in the cases that duration
of fluoroscopy application lasted longer than 1.7 minutes
(20). The subjects who performed operations based on
radiation emission for a long time interval are under
risk for tumor development. It has been reported in a
comparative analysis study that incidence of breast
cancer was found higher in the female orthopaedic sur-
geons than normal population (6). It has been reported
in another study which compared orthopaedic surgeons

with normal population that orthopaedic surgeons which
perform radiation-emitting therapies were found under
higher risk for tumor development (17).

Not only healthcare professionals, but also patients
who undergo operations requiring use of fluoroscopy
are under risk for radiological hazards. It has been
reported that risk for tumor development was found
higher in the patients who underwent surgery involving
radiation exposure (3). Because of all these reasons;
level of radiation exposure during orthopaedic inter-
ventions should be reduced. We conclude that use of
double fluo roscopy may prevent high level of radiation
exposure during surgery. 

There are some studies conducted on use of double
fluoroscopy in the field of vertebral surgery. Li et al.
have performed vertebroplasty on 43 osteoporotic
vertebral fractures under guidance of single- and dou-
ble-fluoroscopy and stated that duration of surgery was
shortened and that they have encountered a lower fre-
quency of bone cement leakage (15).

Kotil et al. have applied biplanar fluoroscopy during
cervical transpedicular fixation due to reasons such as
trauma or degenerative and reported that surgical success
rate by this technique was 100%. On the other hand, no
comparison on the level of radiation exposure in these
two studies (13).

Another study has evaluated fixation surgery using
ilio sacral screw for unstable pelvic fractures under gui -
dance of single-and double-fluoroscopy and reported
that duration of surgery was shortened approximately
by 65%. At the same time, duration of radiation exposure
was also decreased significantly (18).

Xu et al. have analyzed surgical duration and level of
the radiation exposure in their study on vertebroplasty
for 143 osteoporotic vertebral fractures under guidance
of single-and double-fluoroscopy. They have reported
that both parameters were found significantly lower in
the double-fluoroscopy group (26).

There is a limited number of studies on use of double-
fluoroscopy in the operations performed for lower-ex-
tremities. Wesberry et al. have performed in-situ pinning
technique using double-fluoroscopy in 77 cases with
slipped capital femoral epiphysis (SCFE) and reported
no significant difference with respect to duration of
surgery preparation between the groups. They have re-
ported no difference between the groups regarding also
duration of the surgery (25). This study has performed a
similar fluoroscopic positioning with our study. On the
other hand, this study has emphasized especially insertion
of the screws and demonstrated that placement of the
screws was more optimal under guidance of double
fluo roscopy. It has been reported in a review on 6
patients which analyzed duration of fluoroscopy that
duration of fluoroscopy was reduced by 34% during in-
situ pinning accompanied by double flouroscopy (12).

There is a limited number of study which analyzed
double-scopy performed in the fractures of hip (5, 11).
The durations of radiation exposure and surgery were
compared in a study on cephalomedullary nailing in 44
cases with intertrochanteric femoral fractures. This study

Table 3. Comparison of radiation time between two flouroscopy
groups
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demonstrated a significant reduction in both durations
of radiation exposure and surgery in the group of double
fluoroscopy. No significant difference was found regarding
duration of surgery preparation in both groups (5). Both
studies have applied similar evaluation criteria and had
similar outcomes with our study.

Major limitation of our study is small sampling size.
Another limitation was absence of a precise data on the
level of cumulative radiation due to inability to measure
radiation using dosimetry.

On the other hand, being first study on use of double-
fluoroscopy in femoral neck fractures and emphasizing
the importance of level of radiation during surgery are
the essential prominent features of our study.

CONCLUSIONS

In femoral neck fractures, cannulated screw fixation
under guidance of double-fluoroscopy significantly
reduces duration of surgery and level of radiation
emission to environment compared with single-fluo-
roscopy. We have concluded that exposure of both
surgical team and the patients to high doses of radiation
emission can be prevented thanking to use of double-
fluoroscopy.

Level of evidence: Level IV, Retrospective case series.
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