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Summary. Introduction: To show midterm results and compare the two methods utilized in pediatric femoral 
diaphysis fractures fixation and the risks of radiation. Methods: We conducted retrospective studies of 60 chil-
dren and adolescent between the age of 6 to 16 years who were exposed to traumatic femoral shaft fractures 
and treated with methods of fixation titanyum elastic nail (EN), submuscular bridge plating (SBP) Twenty 
eight (18 males and 10 females) were treated with SBP (group 1), and 32 patients (18 males and 14 females) 
were treated with EN (group 2). Results: The mean age of the patients was 10,3 years. Duration of follow-
up was 29.8 months. Mean union time was 7,4 weeks (range, 6-10 weeks). Operative time was on average 
60.6 minutes. Considering Flynn’s criteria, the results of treatment was excellent in 50, good in 4 and poor 
in 6 cases. Conclusions: In the surgical treatment of pediatric femoral shaft fractures, fixation techniques such 
as submuscular bridge platingand elastic nails were found to have similar fracture healing and complication 
rates. An orthopaedic surgeon must protect himself, his personnel and the patient from radiation exposure. 
Open reduction internal plate fixation can be chosen as an alternative treatment for children who do not cause 
radiation exposure to the femoral fracture. (www.actabiomedica.it)
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O r i g i n a l  a r t i c l e

Introduction

Recently, the use of fluoroscopy has increased in 
orthopedic procedures (1). In general, orthopedic sur-
geons are less conscious about radiation exposure and 
health effects and are insensible to protection (2). Ex-
posure to radiation from intra-operative imaging is a 
source of risk for patients, surgeons, and other staff (3). 
A slight radiation dose may cause local skin damage 
and systemic absorption by body organs, thereby caus-
ing DNA alterations, altered DNA damage response 
mechanisms, and ultimately cellular dysplasia and ma-
lignancy (4). 

Femoral shaft fractures constitute approximately 
2% of all pediatric fractures (5). Fractures occur with 
high-energy trauma such as falling or motor vehicle 

crash and surgical treatment is typically indicated (6). 
There are various methods for the treatment of femoral 
shaft fractures in children, but there are controversies 
about the treatment of children aged 6-16 years.The 
method to be selected should provide appropriate sta-
bility for early mobilization, should not disturb tissue 
blood supply and should prevent complications.Elastic 
nails (ENs) are generally used for stable shaft fractures 
of children less than 45 kg (100 pounds) (7). Elastic 
nails (ENs) are not a safe method for the treatment of 
fractures extending from the proximal or distal meta-
physeal and for children over 45 kg (7). The method 
of submuscular bridge plating (SBP) provides minimal 
soft tissue invasion without compromising soft tis-
sue blood supply and reliable stability allowing early 
movement (8). 
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The use of fluoroscopy during the operation is ex-
posed to ionizing radiation to the patient, the surgeon 
and other operating room personnel. The duration of 
fluoroscopy usage may be increased according to the 
surgical technique and the experience of the surgeon. 
In general, during the use of fluoroscopy, the surgeon 
and surgical team become anxious about radiation and 
try to protect themselves from radiation. This study was 
performed to compare the results and complications of 
the three methods of fixation and primary goal of the 
study was to wish to emphasize radiation exposure and 
risks of diseases induced by radiation. We hypothesise 
that the dose of ionizing radiation has caused radia-
tion damage to patients, surgeons and other operating 
room staff during the operation, and that three meth-
ods of fixation had similar fracture healing and com-
plication rates at post-op 1st year.

Methods

This retrospective study included 60 child and ad-
olescent patients. Their age was between 6 to 16 years 
and were exposed to traumatic diaphyseal femoral 
fractures and surgically treated with TENs and SBP 
fixation. Patient data included age, gender, mecha-
nism of injury and weight. Clinical variables included 
the presence of type of treatment modality TEN sor 
SBP, length of hospital stay, operative time, estimated 
blood loss (EBL) and fluoroscopy time. Radiographic 
fracture data included fracture pattern (transverse, 
oblique/spiral, or comminuted) and fracture location 
(proximal, mid or distal). Inclusion criteria: 1) femur 
shaft fracture, 2) patients aged between 6 to 16 years. 
3), open femoral physes. The patients whose radio-
graphs were not suitable, multiple injuries, open frac-
tures and pathological fractures were excluded. All pa-
tients were operated in the supine position and under 
general anesthesia. In addition, the operations were 
completed by adhering to the rules of each method. 
Clinical and radiographic follow-up was performed 
routinely at 2nd, 4th, 6th, 8th and 12th weeks after 
surgery in all patients. Weight carry was allowed when 
sufficient callus occurs. 

Outcomes were measured according to the Flynn 
scoring system (8). The excellent result is that the leg 

length inequality is less than 1 cm and that the mala-
lignment is less than 5 degrees. There is no pain and 
complication. The good result is that the leg length in-
equality is less than 2 cm and that the malalignment 
is less than 10 degrees. There is no pain and there are 
minor complications. The poor result is that the leg 
length inequality is greater than 2 cm and the mala-
lignment is more than 10 degrees. There is permanent 
pain and major or persistent complications. 

Fluoroscopy was not used because the operation 
was performed in Group 2 but fluoroscopy was used in 
Group 1 and Group 3 according to surgical technique. 
According to the for each patient, the dose area prod-
uct value (Dose area product (DAP) is an amount used 
to evaluate the radiation risk from diagnostic X-ray 
examinations and interventional procedures. DAP not 
only reflects the dose in the radiation field, but also re-
flects the irradiated tissue area) and the general fluoro-
scopic screening time (ET) (minutes) were recorded 
postoperatively. Moreover, we could not directly cal-
culate the radiation concentration stored in the organs 
and organs with radiation reflecting the radiation type 
and the effective dose (E) (4) that measures the radia-
tion hazard potential in organs. We accepted for every 
patient that the effective dose equals to the DAP value. 
E =  (εAP × DAP). International Commission on Radio-
logical Protection (ICRP) publication 103 (9), the risk 
for radiation induced cancers (RC) and detrimental he-
reditary disorders (RH) could be calculated by the fol-
lowing formulae: RC = 0.055 × E(Sv), RH = 0.002 × E (Sv).

 In the historical system of dosimetry, exposure 
to 1 roentgen (R) of X-rays results in absorption of 1 
rad [radiation-absorbed dose], which had the effect of 1 
rem [roentgen-equivalent (in) man]. 1 mSv is the dose 
produced by exposure to 1 milligray (mGy) of radiation 
1mSv ≈ 1 mGy (10). We did not investigate the early 
period results of ionizing radiation exposure since can-
cer formation is a time-consuming period. We did not 
screen for cancer in patients. We investigated the risk 
of cancer occurring with the increase in the dose of 
ionizing radiation.

We performed statistical analysis using standard 
statistical computer software, that is, Statistical Pack-
age for Social Sciences (SPSS, version 24). We used 
Kruskal Wallis test and chi-squared test exact to com-
pare categorical data. Data were compared by using 
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P-value of <0.05 was considered to be statistically sig-
nificant. 

Results

A total number of 60 patients were studied. Twen-
ty eight patients ( 18 males and 10 females) treated 
with SBP (group 1), and 32 patients (18 males and 14 
females) treated with TENs (group 2), with an average 
age of 10,3 years (range, 6-16 years) (p = 0.399). The 
patients had a mean weight of 39,4 kg (range, 28 to 55 
kg) (p = 0.596) (Table 1). 

Fracture type was classified according to the 
OTA/AO classification (11). There were 32 (63,3%) 
Type A fractures, 20 (33,3%) Type B, and 8 (13,3%) 
Type C. Proximal diaphyseal fractures occurred in 16 
(26,6%) patients, middle fractures in 32 (63.3%), and 
distal fractures in 12 (20,3%) (Table 2). The mecha-
nisms of injury were 21 (35%) traffic accidents, 20 
(33.3%) falling down from height, 12 (20%) fall of the 
bike, and 8 (13,3%) game injuries. 

The mean duration of surgery was 60.6minutes 
(range, 40-90 minutes). The mean estimated blood loss 
was 102,3 mL (range, 50-200 mL). The hospital stay 
was on averenge 3,1 days. The mean follow-up period 
was 29.8 months (range 12 to 55 months). Average 
duration of union in all fractures was 7.4 weeks (6-10 
weeks) and at this time full weight bearing was started. 
Majority of the patients achieved full range of knee 
motion in about 12 weeks. Patients were taught exer-

cises to strengthen muscles and increase ROM in the 
perioperative period (Table 3).

Our treatment outcome according to Flynn’s cri-
teria were excellent in 50 (83.3%) patients, good in 4 
(6.6%) patients and poor in 6 (10%) cases. (Table 4). 
We did not have any complications such as compart-
ment syndrome, union, infection, fracture, or knee an-
kylosis.

The mean fluoroscopy time was 29.6 seconds 
(range, 2-70 seconds) (p<0,001). DAP was on average 
51,55 cGy × cm^2 (3,43-121,8 cGy × cm^2) RC was on 
average 2,834 Sv (0,188-6,699 Sv). RH was on average 
1,048 Sv (0,068-2,436 Sv. (Table 5).

Discussion 

Femoral shaft fractures constitute approximate-
ly 2% of all pediatric fractures (5). There are various 
methods for the treatment of femoral shaft fractures 

Table 1. Demography of patients 

Group 1 Group 2 

Weigt 41±1,7 38,1±2

Age 11±0,7 9,7±0,7

Sex 18m -10f 18m - 14f

Table 2. Types of fractures and anatomical locations

TipA/
Proximal 

TipB/
Middle 

Tip C/
Distal

Group 1 16/6 10/18 2/4

Group 2 16/10 10/14 6/8

Table 3. Operative data

Group 1 Group 2

Hospital stay 2,9±0,2 days 3,1±0,2 days 

Operative time 65,5±2,55 min 59±3,3 min 

Union 7±0,3 weeks 7,8±0,2 weeks

EBL 112,1±13,7 ml 93,7±13,7 ml

Table 4. Results according to Flynn’s criteria

Flynn’s criteria Excellent Good Poor

Group 1 24 2 2

Group 2 16 2 4

Table 5. Fluoroscopy time and radiation risks 

   Group 1     Group 2

Fluoroscopy time 34.7 ±2,6 sn 40,8±3 sn

DAP 60,4±4,65 
cGy × cm^2

70,87±5,2 
cGy × cm^2

Rc 3,32±0,25 Sv 3,897±0,28 Sv

RH 0,114±0,12 Sv 0,151±0,14 Sv
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in children, but there are controversies about the 
treatment of children aged 6-16 years. External fixa-
tion, rigid intramedullary nailing, submuscular plat-
ing, open reduction internal plate fixation and elastic 
nails are methods of treatment of fractures of femoral 
shaft in children. Each method has advantages and 
disanvantages. In the literature, there are studies on 
the results of surgery of children’s femoral shaft frac-
tures. As far as we know, this study is the first study to 
compare radiation risk for SBP and TEN techniques 
in treatment of femoral shaft fractures in children aged 
between 6 to 16 years. A slight radiation dose may 
cause local skin damage and systemic absorption by 
body organs, thereby causing DNA alterations, altered 
DNA damage response mechanisms, and ultimately 
cellular dysplasia and malignancy (4). As the child’s 
organs and tissues continue to mature, radiation ex-
posures are of concern, and, can also increase the risk 
of cancer throughout life (12). Our outcomes is paralel 
to our hypothesise. The results of two methods of fixa-
tion was same in 1st year. Repeated fluoroscopic scan-
ning is essential for femoral shaft fracture in children 
treated with the methods such as ENs and SBP, which 
increased the radiation exposure in patients. When 
surgeons choose the surgical method, they should not 
forget the damage resulted of radiation. 

In experimental studies, 1% of the population is 
predicted to develop cancer or leukemia associated 
with low-level exposure to radiation (<100 mGy) (13). 
Mastrangelo presented that a significant increase in 
the incidence of cancer in orthopedic staff (14). Alonso 
(15) showed that the distribution radiation in a 2 meter 
region of a C-arm unit was greater than 1 mSv. There-
fore within 2 meters of the C Arm unit, all personnel 
should wear protective equipment. Thyroid guards re-
duce exposure by a factor of 2.5.The lead gown should 
contain at least 0,5 mm equivalent lead and the glasses 
should be at least 0,15 mm lead equivalent thick (16). 
In general, during the use of fluoroscopy, the surgeon 
and surgical team become anxious about radiation and 
try to protect themselves from radiation. The patient 
can not escape the harmful effects of radiation. Some 
studies have shown that the risk of developing malig-
nancy in children is 3-4 times higher than in adults for 
the same radiation dose (17, 18). Some studies have 
shown that children have a high relative risk of cancer, 

even within the first 10 years following exposure (18). 
Thyroid gland, breasts, bone marrow, brain and skin are 
the most sensitive organs against radiation in children. 
Minimally invasive surgical techniques are not harm-
less techniques (19). The linear dose of carcinogenic ef-
fect of radiation in children is 0.1 Gy for thyroid gland, 
0.3 Gy for breast, 0.3 Gy for bone marrow, 1.5 Gy 
for brain, 4.3 Gy for skin (12). In our study, the mean 
DAP was0. 51Gy and was higher than the thyroid and 
breast linear dose. Fluoroscopy time, DAP, RC and RH 
notably less for the ORPF technique compared with 
SBP and EN. Dose area product (DAP) increases as 
more fluoroscopy is taken. Increased dose area product 
(DAP) increases the risk of radiation-induced cancers 
(RC) and harmful hereditary disorders (RH) in ENs 
and SBP method. The closed reduction procedure has 
been associated with a higher exposure time compared 
to open procedures because fluoroscopy is more widely 
used. Open reduction internal plate fixation (ORPF) 
can be chosen as an alternative treatment for children 
which do not cause radiation exposure to the femoral 
fracture.

In this series, the average duration of surgery 
was 60.6 minutes, which was almost similar to other 
studies (20, 21). The most important factor affecting 
time is the failure of closed reduction, which in some 
cases leads to open reduction. Median hospital stay in 
our study was 3,1 days. This was much lower than the 
ones reported in other studies (20, 22). In our study, 
full weight bearing was an average of 7,4 weeks in all 
methods respectively. These are comparable to other 
studies (23). Earlier mobilization resulted in benefits 
like shorter hospital stay, less school days loss, less joint 
stiffness and muscle atrophy. Majority of the patients 
achieved full range of knee motion upto 12 weeks. As 
reported by Flynn (8), Cramer (24) and Galpin (25), 
in our study too there was no case of delayed and non-
union. Moroz reported a 5 fold poor outcome in pa-
tients weighing more than 49 kg (26). In our study, 
there was no difference between weight of children on 
complication rate and recovery time. Also, there was 
no difference between different fracture locations to 
complication and fracture union. However, for older 
and more severe patients in general, doctors tend to 
prefer SBP instead of TEN. In addition, for proximal 
or distal fractures, doctors tend to prefer SBP, over 
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middle fractures, and doctors should tend to choose 
TEN as first choice.

All our groups were almost the same or similar in 
terms of number and complications. In our study, the 
results of three fixation methods have similar results in 
terms of fracture healing and complication as well. We 
did not have any complications such as compartment 
syndrome, union, infection, fracture, or knee ankylosis. 

There were several limitations in our study. This 
is a small group study of 78 patients due to the prob-
lem of finding data in most of the retrospective stud-
ies. Another limitation was that we did not investigate 
the early results of ionizing radiation exposure since 
cancer formation is a time-consuming period. Finally, 
this study ignored many personal and environmental 
factors such as age, BMI, weight, lead gown, C arm 
brand etc. that could affect the radiation effect dose.

Conclusions

TheT ENs and SBP methods were found to be 
safe to maintain fracture healing and to protect against 
complications in femoral shaft fractures. If the frac-
tures are made according to the surgical technique, if it 
is not a pathological fracture, if not loaded early, frac-
tures in children usually heal. An orthopaedic surgeon 
must protect himself, his personnel and the patient 
from radiation exposure. Open reduction internal plate 
fixation can be chosen as an alternative treatment for 
children who do not cause radiation exposure to the 
femoral fracture.
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