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Abstract 
Introduction: The use of spica casting in children with the shaft of femur fractures is controversial. Presently, 
operative treatment is the main standard for the management of shaft of femur fractures in children. The 
advantages of Ender’s nail are closed insertion of the nail with the preservation of fracture hematoma, minimal 
chances of infection and the endosteal blood supply is preserved because no reaming is required. 
Objective: To determine the treatment outcome of Ender’s nailing in the pediatric shaft of femur fractures in 
terms of limb length discrepancy, function, and union. 
Materials and Methods: This descriptive study was conducted at Orthopaedic Department, Benazir Bhutto 
Hospital, Rawalpindi Medical University, Rawalpindi from January 2017 to December 2019. We enrolled 95 
children 6-12 years of age by using a non-probability consecutive sampling technique with femoral shaft fracture. 
The exclusion criteria include children with pathological fractures, malignancy, and skeletal dysplasia. Time of 
surgery, implant failure, infection, union, limb length discrepancy, and functional outcome were recorded. 
Functional outcome and union were determined by using Flynn criteria and radiographs while the surgery time, 
infection, limb length discrepancy, and implant failure were determined clinically. 
Results: There were 59 (62.1%) male and 36 (37.89%) female children. The mean age was 6.93 ± 4.12 years. The 
mean surgery duration was 30 ± 8.5 minutes. There were 06 (6.31%) superficial and no patients with deep 
infection. No implant failure in our study. The time duration from radiological & clinical union to full weight 
bearing was 7.9 weeks (5-12 weeks). On Flynn criteria, 67 (70.52%) children had excellent and 28 (29.47%) had a 
satisfactory functional outcomes. In 85 (89.47%) children, there was no limb length discrepancy but 10 (10.5%) 
children had limb length discrepancy with a mean of 5.45 ± 1.23 mm.  
Conclusion: Ender’s nailing is an excellent treatment option for the pediatric shaft of femur fractures in terms of 
functional outcome and union with low chances of infection, limb length discrepancy, and implant failure. 
Keywords: Ender’s nailing, pediatric femoral shaft fracture, union, functional outcome, infection, implant failure, 
limb length discrepancy. 
 
 



510                                                                             Journal of Rawalpindi Medical College (JRMC); 2022; 26(3): 509-513 

Introduction 
 

Femoral shaft fractures are frequent orthopaedic 
injuries that can arise from either low or high-energy 
trauma in older patients. A complete trauma life 
support assessment and interdisciplinary care are 
required since comorbidities usually accompany 
femoral shaft fractures. Intramedullary nailing is the 
gold standard among the various treatment 
techniques, producing exceptional results. Early union 
and prolonged functional recovery are the main 
objectives of fixation.1 Between 10 and 21 femoral shaft 
fractures in every 100,000 people occur each year 
globally. Open fractures contribute to 2% of these 
fractures.2 According to the American Society for Bone 
and Mineral Research (ASBMR) Task Force 2013, 
atypical fractures of the femur range from 3.5 percent 
to 16 percent.3 
Operative or non-operative treatment options are 
available for femoral shaft fractures. In developed 
countries, the gold standard of treatment is 
intramedullary nailing during surgical fixation. 
External fixation and plate osteosynthesis are further 
surgical methods. In some third-world nations, closed 
management including splinting, traction, and hip 
spica casting is the temporary or permanent solution.4 
The key issues include osteoporosis, geriatric age-
related medical issues, and anesthetic risk 
complications. Long operating times, wide exposure, 
muscle damage, blood loss, increased infection rates, 
increased post-operative pain, the need for blood 
transfusions, delayed morbidity, as well as major 
surgery to remove the implant in the event of failure 
or union are the main drawbacks of fixation methods 
other than ender's nail.5 
Ender’s nailing was extremely popular in the past, but 
with the development of new implants, it became a 
lost art. Even though it has several benefits, including 
a quick recovery time, less blood loss, lowered 
infection risk, decreased nonunion, and low cost. Knee 
discomfort and stiffness as well as nail migration or 
shortening of the limb, particularly in unstable 
varieties, are major problems with Ender’s nailing. 
With the approach adopted, external rotation is not a 
big issue. It produces great results with minimal 
invasion in stable fractures. Focusing on the Ender 
nailing technique and choosing the right patient is 
crucial for the success of this implant at the lowest 
possible cost.6 Enders nailing technique, when 
properly applied, can be completed in a very short 
time without any blood loss, major post-operative 
infection, or need for blood transfusion. It is also 

minimally invasive which reduces post-operative pain. 
Due to superior biomechanics, there is also less risk of 
implant breaking and non-union and it is very simple 
and inexpensive to have the implant removed while 
sedated. The drawbacks include knee discomfort and 
stiffness, nail migration both proximally and distally, 
supracondylar fracture at the site of insertion, 
rotational deformity, and limb shortening.6 Ender's 
nail offers a straightforward, affordable treatment for 
these fractures with high union rates and few side 
effects.7 Ender’s nailing is a promising therapeutic 
option for children with the shaft of femur fractures 
when there is a length discrepancy. In 5.5% of cases, 
leg discrepancy might arise.8 
Complications after surgical management of femoral 
shaft fracture are high and most patients develop 
discrepancies. But limited work has been done before 
regarding Ender nail in femoral shaft fracture. In a 
poor resource country including Pakistan, it is 
important to lessen the postoperative complications to 
reduce the cost of surgery for patients as well as for 
hospital administration. Therefore, we conduct this 
study to get evidence for the management of femoral 
shaft fracture by using Ender’s nailing. This would 
help us to get local evidence and in the future, we will 
implement the Ender nails for such fractures in order 
to improve our practice and achieve more success and 
fewer complications. 
Objective: To determine the treatment outcome of 
Ender’s nailing in pediatric shaft of femur fractures in 
terms of limb length discrepancy, function, and union. 
 

Materials and Methods 
 
Study design: Descriptive study. 
Setting: Department of Orthopaedics, Benazir Bhutto 
Hospital, Rawalpindi Medical University, Rawalpindi. 
Study duration: About 03 years i.e., January 2017 to 
December 2019. 
Sample size: A sample size of 95 cases was estimated 
by using a 95% confidence level, 5% margin of error, 
and percentage of limb discrepancy i.e., 5.5% with 
Ender’s nail in femoral shaft fracture. 
Sampling technique: Non-probability, consecutive 
sampling. 
Selection criteria: Children of age 6 - 12 years, both 
genders, with fracture shaft of femur were enrolled. 
Patients with recurrent fractures at the same site 
already had implants and who presented with implant 
failure, skeletal dysplasia, malignancy, or pathological 
fractures were not included in the study. 
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Data collection method: Patients fulfilling above 
stated selection criteria were enrolled from emergency 
and OPD. Informed written consent was obtained. 
Demographics like name, age, gender, BMI, duration 
between fracture and presentation in the hospital, and 
cause of fracture were obtained. Then patients 
underwent internal fixation with Ender's nail by 
Consultant Orthopedic Surgeon and his surgical team 
under general anesthesia. The duration of surgery was 
noted. After surgery, children were shifted to post-
operative wards and were monitored there till 
discharge. For at least one week after surgery, patients 
have been advised a standard antibiotic regimen along 
with standard medical treatment. The total hospital 
say was noted. During the first 7-10 days, patients 
were evaluated for infection. Patients were followed-
up in OPD for about 6-12 months on monthly basis. 
On each visit, an x-ray was performed to determine 
the callus formation to determine union. After 6 
months, limb discrepancy was noticed against the 
normal parallel leg. Patients were also evaluated on 
Flynn’s criteria to determine the functional outcome at 
06 months. All the data was collected in a proforma, 
specially designed for this research. 
Analysis plan: All the collected information was 
entered and analyzed by using SPSS v. 25. Infection, 
implant failure, functional outcome, and the union was 
presented as frequency and percentage while outcome 
like operative time and hospital stay was presented as 
mean and standard deviation. 
 

Results 
 
The mean age of children was 6.93 ± 4.12 years in our 
study. There were 59 (62.1%) male and 36 (37.89%) 
female children. The mean duration of fracture was 
2.32 ± 1.07 days. The main cause of fracture was a road 
traffic accident [41 (43.1%)], followed by a fall from 
height [30 (31.57%)], a fight with someone [17 
(17.89%)] and being hit with a hard surface [7 (7.36%)]. 
(Table 1) 
The mean surgery duration was 30 ± 8.5 minutes. The 
mean duration of hospital stay was 5.4 ± 1.4 days after 
surgery. The mean time duration from clinical & 
radiographic union to full weight bearing was 7.9 ± 
1.75 weeks (5-12 weeks). Out of 95 cases, wound 
infection was noticed in 6 (6.31%) cases and all those 
patients had superficial wound infection and no 
patient developed deep wound infection. On Flynn 
criteria, 67 (70.52%) children had excellent and 28 
(29.47%) had satisfactory functional outcomes and 
there was no implant failure. The limb length 

discrepancy was observed in 10 (10.5%) cases while 85 
(89.47%) children showed equal length as compared to 
the parallel leg. The mean discrepancy was observed 
as 5.45 ± 1.23 mm in 10 (10.5%) children. (Table 2) 
One case was presented in the preoperative period till 
8 weeks of follow-up showing a union of bone. (Figure 
1) 
 
Table 1: Baseline features of patients 

Feature Mean ± SD, F (%) 

n 95 
Age (in years) 6.93 ± 4.12 
Gender  
Male 59 (62.1%) 
Female 36 (37.89%) 
Duration of fracture (days) 2.32 ± 1.07 
Cause of fracture  
Road traffic accident 41 (43.1%) 
Fall from height 30 (31.57%) 
Fight/beaten by someone 17 (17.89%) 
Hit something hard 7 (7.36%) 

 
Table 2: Outcome of patients after surgery 

Outcome F (%), mean ± 
SD 

Duration of surgery (in minutes) 30.0 ± 8.5 
Duration of hospital stay (days)  5.4 ± 1.4 
Duration of full weight bearing 
(weeks) 

7.9 ± 1.75 

Complications  
Wound infection 6 (6.31%) 
Superficial wound infection 6 (6.31%) 
Deep wound infection 0 (0.0%) 
Flynn criteria  
Excellent 67 (70.52%) 
Satisfactory 28 (29.47%) 
Implant failure 0 (0.0%) 
Limb discrepancy 10 (10.5%) 
Mean discrepancy (in mm) 5.45 ± 1.23 

 

 
Figure 1: Preoperative and postoperative x-ray 
findings 
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Discussion 
 
Instead of focusing solely on the union of the fracture, 
fracture treatment now aims to maximize limb 
function as quickly as possible. For the treatment of 
intertrochanteric fractures, a number of therapy 
procedures have been reported, each with advantages 
and disadvantages. These ranges from conservative 
maintenance to various surgical procedures using 
various implants.9 With the use of flexible nails, 
displaced tibial shaft fractures in children can be 
successfully treated with few side effects.7 
Nevertheless, the sole instrument that many 
orthopaedic surgeons continue to employ, especially in 
older children, is Ender's nail. The convenience of the 
treatment, the reduction in operative time, and the 
reduction in blood loss with early mobilisation are 
benefits of employing Enders nailing over other 
implants.10,11 Depending on the prevalence of 
polytrauma, neurovascular injury, or accompanying 
ipsilateral limb fractures, casting or Ender’s nailing 
can be used to treat displaced tibial shaft fractures in 
younger children. Flexible nailing is thought to be 
minimally invasive and safe. According to Stenroos et 
al., non-operative treatment resulted in a 24 percent 
loss of alignment (5°–15° varus or recurvatum), 
compared to flexible nail treatment, which only caused 
a 2 percent loss of alignment.12  
In the past, intramedullary Ender nailing for 
intertrochanteric fractures was fairly common. 
However, because of its drawbacks, this approach has 
lost popularity over time.13 Nearly 12,000 cases in 
Europe have involved the use of Ender's nails; in 
contrast, the method is less common in North America. 
Despite their benefits, Ender's nails have poor 
rotational stability.13 
In our study, we enrolled 95 children with femoral 
shaft fractures and performed Ender’s nailing. We 
observed the mean surgery duration was 30 ± 8.5 
minutes. The mean duration of hospital stay was 5.4 ± 
1.4 days after surgery. The mean duration of time from 
radiological & clinical union to full weight bearing was 
7.9 ± 1.75 weeks (5-12 weeks). Out of 95 cases, wound 
infection was noticed in 6 (6.31%) cases and all those 
patients had superficial wound infection and no 
patient developed deep wound infection. On Flynn 
criteria, 67 (70.52%) had excellent and 28 (29.47%) had 
satisfactory functional outcomes and there was no 
implant failure in our study. The limb length 
discrepancy was observed in 10 (10.5%) cases while 85 
(89.47%) children showed equal length as compared to 

the parallel leg. The mean discrepancy was observed 
as 5.45 ± 1.23 mm in 10 (10.5%) children.  
In their investigation, Park et al. noted that the average 
time of operation was 65.00 ± 22.64 minutes. No 
patient developed an entirely unusual fracture. The 
confirmation of endocortical callus formation, the 
elimination of the fracture line, and the union of bone 
clinically took 2.11 ± 0.53 months, 6.45 ± 4.10 months, 
and 6.45 3.65 months, respectively.14 
According to Herscovici et al., using Ender nails to 
manage femoral shaft fractures is technically simpler 
and takes less time than using the current 
intramedullary nailing methods. With Ender nailing, 
they treated twenty-six stable and seventeen unstable 
fractures. 42 percent of the stable fractures group and 
76 percent of the unstable fractures group needed 
additional stabilization in the form of skeletal traction, 
an external fixator, or a cast due to ongoing instability. 
In addition, fourteen fractures in each group had nail 
migration, shortening, and loss of knee mobility. 
Although 2/3rd of patients in the stable fractures group 
had good or excellent outcomes, only 19% of the 
outcomes in the unstable group were assessed as good 
or excellent. Therefore, they advised using of 
intramedullary interlock nails in diaphyseal fractures 
of the femur. As a result, only stable fracture patterns 
that can be secured with screws or wires should 
employ Ender's nails. They may be especially helpful 
for young children with fractures that require 
intramedullary stabilization without damaging the 
growth plates and femoral fractures with narrow 
medullary canals (less than or equal to 8 mm).15 
In order to assess the length difference following 
Ender’s nail fixation in the pediatric shaft of femur 
fractures, Kwon et al. conducted a study. They looked 
at 18 shafts of femur fractures that were managed with 
Ender’s nails and investigated the connection between 
the fracture's initial site, kind, and outgrowth. 
Children of age range from 6 to 12 years and the 
average time of follow-up was 32 months. Leg length 
difference ranged from 6 mm shortening to 16 mm 
lengthening, with an average lengthening of 3.4 mm. 
Eight individuals experienced lengthening, nine had 
limbs that were equal in length (less than 2 mm), and 
only one patient had shortened. The average 
overgrowth was 3.0 mm in distal 1/3 fractures, 1.3 mm 
in the middle 1/3, and 7.0 mm in the proximal third. 
The average outgrowth in transverse, oblique, and 
comminuted fractures was 7.3 mm, 1.3 mm, and 2.3 
mm, respectively. In the case of leg length difference, 
they thought that closed Ender nailing was a 
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promising therapeutic option for children with femoral 
shaft fractures.16 
 

Conclusion 
  
Ender’s nailing is an excellent treatment option for the 
pediatric shaft of femur fractures in terms of functional 
outcome and union with low chances of infection, limb 
length discrepancy, and implant failure. So, in the 
future, we will recommend this method for such types 
of fractures to achieve >90% success (i.e., good to an 
excellent functional outcome) with the maximum 
number of unions. 
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