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Abstract: Background: Fractures of the femur require significant radiation exposure during opera-
tions using fluoroscopy (C-arm), posing a high risk of radiation exposure to the medical staff and
patients. To address this concern, in this study, we investigated the efficacy of using two fluoroscopy
machines simultaneously. Methods: We categorized 30 patients with femoral neck fracture (FNF)
into single and double C-arm groups. The operation and radiation exposure times during a closed
reduction and internal fixation operation were investigated to evaluate whether the operation and
radiation exposure times were effectively audited when the operation was performed using a double
C-arm. Results: The total operation times were 93.21 &+ 20.70 min and 66.69 &+ 13.97 min for the single
and double C-arm groups, respectively. Additionally, the total radiation times were 100.43 £ 24.59 s
and 83.06 &= 19.53 s for the single and double C-arm groups, respectively. Operation and radiation
exposure times in the two groups showed statistically significant differences (p < 0.05). Conclusion:
The use of double C-arm in FNF can reduce operation and radiation exposure times. Hence, using
the double C-arm in surgical treatment could reduce the risk of radiation exposure to medical staff
and patients.

Keywords: femoral neck fractures; closed reduction; internal fixation; double C-arm; radiation
exposure reduction

1. Introduction

The global incidence of hip fractures is increasing with the aging population, along
with the increasing prevalence of osteoporosis. Projections indicate an increase to 2.6 million
by 2025 and 4.5 million by 2050 [1]. The high incidence rate was attributed to falls in older
patients with osteoporosis; however, there has been a recent increase in the number of
relatively young patients aged 40-50 years with femoral neck fractures (FNF) resulting
from high-energy trauma.

Arthroplasty is the preferred treatment for FNF in older patients, whereas closed
reduction and internal fixation (CRIF) is preferred in younger patients because of several
advantages, including the preservation of their joints and ease of operation facilitated by
fluoroscopy (C-arm) [2,3].

In orthopedic practice, such as in the treatment fractures, fluoroscopy is widely used
to minimize surgical invasiveness and reduce operation time. Orthopedic surgeons have
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shown considerable concerns regarding the side effects of radiation exposure during ortho-
pedic procedures [4-9]. However, many orthopedic surgeons lack sufficient information
regarding radiation physics and its deleterious effects. Surgeons should be aware of the
harmful effects of radiation and maintain a dose as low as reasonably achievable [4-9].
In particular, proximal femoral fracture surgery results in higher radiation exposure than
that of other orthopedic surgeries. Additionally, orthopedic medical staff exposed to high
radiation levels have an elevated risk of cancer [5-7].

To minimize this risk, studies have suggested a reduction in operation and radiation
exposure times in kyphoplasty, intertrochanteric fracture (cephalomedullary nailing), and
FNF (cannulated screw fixation) surgeries using a double C-arm fluoroscope. However,
research supporting the effectiveness of using a double C-arm is still lacking. Therefore,
This study aimed to evaluate the efficacy of reducing the preparative, intraoperative,
and radiation exposure times by simultaneously using a double C-arm during surgical
treatment of FNFs [4,6,8,9].

2. Materials and Methods
2.1. Participants

The Institutional Review Board of the Catholic Kwandong University International
Saint Mary’s Hospital approved this study (No. IS17RIMI0017). The study involved 30 par-
ticipants who underwent CRIF using metal screws for FNFs at the Catholic Kwandong
University International Saint Mary’s Hospital between 2017 and 2018. Patients who
underwent arthroplasty or open-reduction internal fixation surgery were excluded from
this study.

2.2. Operation Device

In this study, FNF surgeries were performed using 6.5 or 7.3 mm metal cannulated
screws (C&S Medical Co., Ltd., Pocheon-si, Republic of Korea, and AO Foundation, Davos,
Switzerland). A Siemens ARCADIS Varic fluoroscope (Miinchen, Germany) was used as
the radiation device.

2.3. Study Design

All the participants provided informed consent for the use of their personal informa-
tion. Subsequently, the participants were randomly assigned to the following two groups:
one group utilizing a single fluoroscopy device and the other group employing double
fluoroscopy devices.

A skilled senior orthopedic surgeon performed all the surgeries. Another senior
orthopedic surgeon (B.H.O) and medical staff (who did not participate in the operation)
evaluated the collected data. The evaluator was unaware of the group to which the collected
data belonged.

2.4. Procedure

General or spinal anesthesia was administered preoperatively. The anesthetized
patient was transferred to a fracture table, and the operating foot was secured to the
fracture table boot. The non-surgical leg was fixed in a lithotomy position to facilitate
smooth movement of the fluoroscopy device [6,9]. The arm on the surgery side was
positioned laterally to enable the fluoroscopy device to capture a smooth axial image. In
the group using double fluoroscopes, the first fluoroscope was placed between the legs of
the patients and rotated to the axial plane with the hip joint center. Subsequently, the X-ray
tube of the fluoroscope was placed near the injured hip with an approximate 20° tilt in the
sagittal plane. The C-arm was rotated between 5° and 25° back toward the anteroposterior
(AP) view from a flat position to ensure a true axial image of the femoral head and neck.
A second fluoroscope was introduced from the uninjured leg and positioned vertically in
the AP plane. The second fluoroscope was placed on the C-arm of the first fluoroscope.
After performing an approximate closed reduction assisted by fluoroscopy, the degree of



J. Clin. Med. 2024, 13, 1418

30f9

reduction at the FNF site was evaluated [6,9] (Figure 1). In the single fluoroscopic group, a
single fluoroscope was positioned between the legs of the patients to obtain a true AP and
axial view of the proximal femur by preoperatively relocating the fluoroscope back and
forth. After performing a closed reduction assisted by fluoroscopy, the degree of reduction
at the FNF site was evaluated [6,9-13].

Figure 1. Preoperative patient and double C-arm positioning.

After skin preparation, patients in the double fluoroscope group underwent sterile
draping. In this process, the first fluoroscope was covered with surgical drapes, and the
image intensifier of the second was covered with a separate sterile vinyl bag. During
the surgery, AP and axial images could be obtained simultaneously without changing
the position of the fluoroscope [6,9] (Figure 2). Patients in the single fluoroscope group
underwent sterile draping, and the radiology technician repositioned the fluoroscope
intraoperatively as required by the surgeon.

Figure 2. Positioning the patient and double C-arm during the operation.
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During FNF surgery, the reduction in the fracture site was confirmed through the
C-arm by adjusting the degree of internal and external rotation of the fracture table. Sub-
sequently, an incision was made approximately 3 cm below the trochanter, exposing the
lateral cortical bone. Three Kirschner wires were inserted into the femoral bone head in
an inverted triangle along the longitudinal axis of the femoral neck at 135° [6,9-13]. After
insertion, the Kirschner wire was positioned 1 cm from the articular femoral head surface
using a C-arm. We verified the position and length of the Kirschner wire using a C-arm
and tightened the fracture by rotating three 6.5 or 7.3 mm-diameter cannulated screws.
Finally, we checked for any abnormalities during passive movement of the hip joint, and
the surgical site was cleaned and sutured to conclude the operation [10-13] (Figure 3).

Figure 3. Operation for a femoral neck fracture. (a) Preoperative X-ray (anteroposterior view of
both hips), (b) intraoperative fluoroscopy, and (c) closed reduction and internal fixation (cannulated
screw). Abbreviation: R, right side

2.5. Data Collection

We recorded the preparative time (from induction of anesthesia to incision), intra-
operative time (from incision to wound closure), and radiation exposure times from the
fluoroscope devices (by recording the usage time in seconds for every single push of the flu-
oroscope) at the end of the preparative and intraoperative phases. The radiation exposure
time measured during the preparative period was the duration from anesthesia to incision
and from C-arm installation to closed reduction at the fracture site. During surgery, the
radiation exposure time was calculated as the radiation exposure duration from incision to
suturing. Additionally, data on sex, age, body mass index, anesthesia method, and fracture
type of the patients (Garden classification) were collected.

2.6. Statistical Analysis

All data were analyzed using IBM SPSS Statistics for Windows, version 22.0 (IBM Corp.,
Armonk, NY, USA). The single and double fluoroscopic groups were compared using the
independent sample t-test or Mann-Whitney U test for continuous variables and the
chi-square test for categorical variables. Statistical significance was set at values of p < 0.05.

3. Results
3.1. Characteristics of the Participants (Single C-Arm versus Double C-Arm)

This study involved 30 patients with FNFE. The single C-arm group comprised 10 men
and 4 women, and the double C-arm group comprised 8 men and women each. The
average ages were 48.57 £ 20.01 and 50.94 £ 6.21 years for the single and double C-
arm groups, respectively. The average body mass indexes were 22.22 + 2.27 kg/m? and
23.57 + 3.07 kg/m? for the single and double C-arm groups, respectively. Additionally,
the anesthesia method and fracture classification of both the groups were investigated,
revealing no significant differences between them (Table 1).
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Table 1. Characteristics of the participants (1 = 30).
Single C-Arm Group Double C-Arm 3

(n=14) Group (n = 16) p-Value

Sex, man/woman, 1 (%) 10 (71.43)/4 (28.57) 8 (50)/8 (50) 0.2322

Age (years), mean (£SD) 48.57 +£20.01 50.94 £ 6.21 0.6771

BMI (kg/m?) 4, mean (+SD) 22.22 £2.27 23.57 £+ 3.07 0.1891

Anesthesia, P
general /spinal, 7 (%) 8 (57.15)/6 (42.85) 9 (56.25)/7 (43.75) 0.961

Garden classification, 5 (35.71)/9 (64.29) 11 (68.75)/5 (31.25) 0.070 2

stage 3/4, n (%)

! Independent sample t-test, > Chi-square test, 3 p < 0.05, * body mass index.

3.2. Comparison of Operation and Radiation Exposure Times between the Two Groups (Single and
Double C-Arm Groups)

The preparative time (min) for both groups was measured as the time required from
after anesthesia to incision, and the operation time (min) was measured from incision to
suturing. The average preparative times were 37.86 £ 6.99 min and 28.75 4 11.47 min
for the single and double C-arm groups, respectively, and the average operation times
were 55.36 £ 17.26 min and 37.94 £ 6.55 min for the single and double C-arm groups,
respectively. The total operation times were 93.21 £ 20.70 min and 66.69 £ 13.97 min for the
single and double C-arm groups, respectively. The mean difference between both groups
was approximately 26.52 min, with the single C-arm group requiring a longer operation
time (Figure 4). A comparison of the means of both groups revealed significant differences
of 0.001 (p <0.05) (Table 2).

Comparison of total operation time for single C-Arm and double C-Arm

100

Total operation time (min)

Double C-Arm Single C-Arm

Group

Figure 4. Comparison of the total operation time between the two groups.

The preparative radiation time (s) for each group was measured as the time required
from after anesthesia to incision. The operation radiation time (s) was measured from
incision to suturing. The average preparative radiation times were 19.93 £ 9.02 s and
14.25 4 7.31 s for the single and double C-arm groups, respectively, and the average intra-
operative radiation times were 80.50 £ 17.65 s and 68.00 &= 14.23 s for the single and double
C-arm groups, respectively. The total operation radiation times were 100.43 £ 24.59 s and
83.06 & 19.53 s for the single and double C-arm groups, respectively.

The mean difference between the two groups was approximately 17.37 s, with the
single C-arm group requiring more operative radiation time than that of the double C-arm
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group (Figure 5). A comparison of the means of the two groups revealed a significant
difference of 0.015 (p < 0.05) (Table 2).

Table 2. Operation and radiation exposure times for both groups (single and double C-arm groups).

Single C-Arm Double C-Arm

(gn —14) (1 = 16) p-Value 3
Preparative 19.93 + 9.02 14.25 +7.31 0.038 2
Radiation Intraoperative 80.50 + 17.65 68.00 + 14.23 0.034 2
time (s) Total 100.43 4+ 24.59 83.06 & 19.53 0.0152
. Preparative 37.86 + 6.99 28.75 + 11.47 0.013 2
Qperatlgn Intraoperative 55.36 £ 17.26 37.94 + 6.55 0.002 2
time (min) total 93.21 4 20.70 66.69 + 13.97 0.001 1

! Independent sample t-test, > Mann-Whitney U test, ® p < 0.05.

Comparison of total radiation exposure time for single C-Arm and double C-Arm

120

o
=)

80

60

40

Total radiation exposure time (sec)

20

Double C-Arm

Single C-Arm
Group

Figure 5. Comparison of total radiography exposure times between the two groups.

4. Discussion

In this study, we investigated whether using a double C-arm reduces the operation
and radiation exposure times during cannulated screw fixation surgery for FNFs. The
total operation and radiation exposure times were 66.69 min and 83.06 s using the double
C-arm and 93.21 min and 100.43 s using the single C-arm, respectively. Compared with the
single C-arm, using the double C-arm reduced operation and radiation exposure times by
approximately 26.52 min and 17.37 s, respectively. This study demonstrated that the double
C-arm enables simultaneous viewing of AP and axial images, thereby facilitating reduced
closed reduction, guide pin insertion, and cannulated screw fixation during femoral neck
operations. Additionally, the need for additional radiation projection to obtain a proper
image and the time consumed in moving the C-arm from the AP imaging position to the
axial imaging position during surgery is eliminated.

Our results are consistent with those of previous studies. In a study by Giileng
et al. [9], performing surgery using a double C-arm for cannulated screw fixation for FNF
resulted in an average reduction in operation and radiation times by 14.2 min and 24.5 min,
respectively, as opposed to using a single C-arm, with a significant difference between
the groups [9]. However, the measured radiation time in our study represented the total
operating time of the equipment, and differences between the measured radiation exposure
time (s) and the measurement method were observed whenever the imaging button of the
radiation equipment was pressed [9]. Additionally, the preparative time measured from
the reduction in the fracture site after anesthesia was 20.6 min and 18.3 min using double
and single C-arms, respectively, with slightly more preparative time being required when
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the opposite double C-arm was used; however, no significant difference was observed [9].
A study by Brin et al. [6] focusing on femur intertrochanteric fractures using double and
single C-arms during the operation demonstrated a significant difference between radiation
exposure (average 14.6 s) and operation (average 10.4 min) times. The study suggested that
using a double C-arm could reduce radiation exposure time, providing health benefits to
patients and medical staff [6].

Fluoroscopy in orthopedic surgery units exposes patients and medical staff to a po-
tentially detrimental amount of radiation. Patients are primarily affected by the radiation
generated in the path between the X-ray tube and the image intensifier. However, med-
ical staff are mainly affected by the scattered radiation generated by objects in the path
between the X-ray tube and image intensifier when the primary radiation is emitted [14,15].
Sanders et al. [16] conducted a study to measure the amount of radiation exposure to
orthopedic surgeons using a thermoluminescent dosimeter during fluoroscopy during
intramedullary nailing, open reduction and internal fixation (plate and screw), and exter-
nal fixation [16]. Their findings indicated that when fluoroscopy use exceeded 1.7 min,
radiation exposure increased more rapidly than that at usage durations below 1.7 min.
Additionally, they reported that protective equipment should be worn when using the
radiation devices and suggested that exposure to radiation decreases when the distance
from the radiation-emitting device increases [16]. In a similar study, Mahajan et al. [5]
measured the amount of radiation exposure to different parts of the human body (the neck,
chest, wrist, and gonads) for each orthopedic doctor based on the use of fluoroscopy during
orthopedic surgery.

Based on the results of this study, the amount of radiation measured at the wrist
exhibited positive correlation with the operation time [5]. Consequently, using a double
C-arm to shorten the operation time is an effective method for reducing radiation exposure.

Several studies have reported that fluoroscopy can increase the likelihood of tumors
in orthopedic surgeons and patients exposed to ionizing radiation [16-19]. Therefore, it is
important to wear appropriate protective equipment and reduce radiation exposure time
when using radiation devices [5,16,18,19]. A study examining tumor incidence accumulated
over 24 years revealed that orthopedic surgeons have the highest risk of developing
tumors [18]. Studies have shown that the amount of radiation exposure is higher in the
spine and hips than in the limbs [20].

Many studies have explored the risk of ionizing radiation exposure as well as the
reduction in surgical time and radiation exposure time, particularly in areas such as the
spine and hips [6,9,21,22]. However, studies on the reduction in operation and radiation
exposure times using a double C-arm in FNFs are limited. Several studies evaluating the
effect of different implants used in FNFs, have demonstrated reduced operation time and
bleeding with cannulated screw fixation or use of femoral neck system [13,23]. This result
suggests that reducing operation time can reduce the amount of bleeding. Using a double C-
arm in surgery for FNF is associated with reduced bleeding due to decreased operation time.
However, the extent of bleeding was not investigated in this study. Nevertheless, positive
results using a double C-arm were obtained when compared with similar studies [6,9,13].

In addition, there are studies that analyze the amount of radiation exposure and
surgical accuracy by using the cone-beam computed tomography device for surgery of
spine and pelvic acetabular fractures [24-26]. The cone-beam computed tomography device
is smaller than the existing computed tomography device and can be used in the operating
room due to its high utilization [24]. It was reported that the use of the cone-beam computed
tomography device during surgery for acetabular fractures can reduce the gap and surgical
accuracy of the bone fragment, and reduce the amount of radiation exposure compared to
the existing computed tomography exam after open reduction internal fixation surgery [25].
These findings have shown the possibility of using cone-beam computed tomography for
FNE, but related findings are lacking. Further studies on its use may be needed.

This study has some limitations. First, this study was conducted involving a small
number of participants. Second, we did not measure ionizing radiation using a thermolu-
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minescent dosimeter. Third, only the operation and radiation exposure times for single and
double C-arm use were investigated. Fourth, the short and medium-term postoperative
outcomes were not investigated. The persuasive power of our findings may be insufficient
because of these limitations. Therefore, further studies with more participants are needed
to confirm the advantages of surgery using double C-arm. Additional studies are also
needed to measure the radiation exposure time and dose of ionizing radiation using a
thermoluminescent dosimeter. Moreover, it is necessary to investigate the effects of the
reduction in operation and radiation exposure times due to the use of double C-arm on the
bleeding volume and infection rate, as well as medium- to long-term surgical outcomes.

Despite the aforementioned limitations, our findings showed a statistical power of
more than 80% with a similar number of participants compared to similar studies, e.g.,
Brin et al. [6] and Giileng et al. [9]. This result showed that the radiation exposure time
could be reduced due to the reduced operation time by double C-arm use. However, there
is a limitation in supporting our argument with the results derived from a small number
of participants, a limitation mentioned in similar studies [6,9]. Our study can serve as a
preliminary study for further study in confirming the positive effects of using a double
C-arm in a large number of participants.

5. Conclusions

Despite the results obtained through a small number of participants, our study showed
that CRIF surgery for FNF with double C-arm can reduce the time of radiation exposure by
reducing the operation time compared to a single C-arm. This technique can also be used
for other orthopedic surgeries to reduce radiation exposure time to minimize radiation
exposure and protect patients and medical staff. However, further studies are needed to
measure the radiation exposure time and dose of ionized radiation and to evaluate its
potential impact on bleeding and infection rates.
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