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ABSTRACT

Objectives: The femoral shaft fractures constitute 1.6% of the pediatric fractures. Intramedullary nailing is a com-
mon mode of fixation in older children and adolescents. The rigid intramedullary locking nail is a preferred choice
over flexible nails in overweight patients and children older than 11 years of age. The adolescent age group with
skeletal immaturity deserves special attention from the surgeons because of grave complications like avascular
necrosis of the femur head and angular deformities. The aim of this study is to report the outcome of an adolescent
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Femur shaft fractures constitute 1.6% of overall fractures in children.”'! High-energy road traffic
accidents are the commonest mode of injury in older children and adolescents, followed by sports
injuries and falls from height.?**! The management of shaft femur fractures is age dependent.
There is controversy and ongoing research regarding the gold standard of treatment for adolescent
patients.”! The treatment modalities include plating, minimally invasive plate osteosynthesis
(MIPO), external fixation, elastic or rigid intramedullary nails.**-*! Open reduction and internal
fixation with plating result in extensive dissection, and subsequent scars also bother the patient.
Moreover, there is an increased duration of restricted mobilization due to non-weight bearing.!*-1*
External fixation is a more biological procedure and reduces hospital stay, but there are problems
related to pin tract infection, and in some cases, refracture occurs after fixator removal."*'*! The
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flexible intramedullary nail looks like an attractive option
for surgeons, but there are some limitations. These include
fracture comminution, obese children, fractures near the
proximal or distal third, and limited rotational stability
in adolescents.'*!”) The rigid interlocking nails provide
adequate stability, are biology-preserving, and have good
union rates.'*!s! However, there are some concerns regarding
their use in children due to the occurrence of osteonecrosis
of the femoral head or angular deformities of the proximal
femur.®?! To avoid the dreaded complication of avascular
necrosis (AVN), recent studies emphasized upon the lateral
trochanteric entry point." We describe the results of a
lateral trochanteric entry rigid intramedullary nail in the
pediatric adolescent patients having a femoral shaft fracture.

MATERIAL AND METHODS

This is a retrospective study performed at the orthopedics
department of a tertiary care hospital. Institutional approval
was obtained for including the patient in this study. The
skeletally immature patients aged between 10 and 16 years,
who had closed shaft femur fractures and were operated on
between January 2016 and February 2018, were considered
for this study. The records of operated patients were retrieved
from the trauma database of the orthopedics department.
Out of the 24 operated patients, the records of 19 patients
with a minimum follow-up of 1.5 years were available
for retrospective analysis. Patients with open fractures,
polytrauma and neurovascular injuries were excluded. The
preoperative and post-operative radiographic orthogonal
views were analyzed to assess parameters like alignment,
union and AVN. There were two patients who had been
operated on previously at other institutes. There was bending
of the flexible nail in one of them [Figure 1] and the other
one had a broken implant with failure of fixation [Figure 2].
In both cases, the implant was removed and rigid nailing was
done.

TECHNIQUE

The patient was laid supine on the fracture table. After
palpation of bony landmarks, a longitudinal skin incision
(2 cm) was made over the tip of the greater trochanter (GT).
Under C-arm guidance, the entry portal was made lateral to
the tip of GT with the help of an awl. The guide wire was put
inside, and an entry reamer was introduced. Closed reduction
was achieved, and a guide wire was advanced into the distal
fragment. Sequential reaming was done with a 1-mm
increment in reamer size up to 9.5 mm. After confirmation
of the nail length, a rigid intramedullary interlocking nail
(Trigen adolescent nail [TAN] {Smith and Nephew, Memphis,
TN, USA}) was put inside. After checking alignment and
rotation, proximal and distal locking were done.

Figure 1: Anteroposterior radiograph of a 12-year-old patient
(50 kg) with bending of elastic nails.

Figure 2: Anteroposterior radiograph showing failure of fixation
with broken plate in an 11-year-old patient referred to our center.
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NAIL DESIGN

The intramedullary interlocking nail has a 12° lateral bend,
which allows an entry point lateral to the tip of GT. The
nail is made of titanium alloy and is side-specific. The nail
diameter is 8.5 mm, and length varies from 26 to 40 mm in
2-mm increments. There is a single proximal lock and two
distal locks. The distal-most lock provides a dynamic locking
option.

Patients were gradually allowed progressive weight bearing
from the second postoperative day with the help of a walker
or crutches. In comminuted fractures, patients were allowed
toe touch weight bearing.

RESULTS

A total of 19 patients were recruited [Table 1]. The mean age
was 12.36 years. There were 12 male and seven female patients.
11 patients have right-sided injuries while eight patients have
left-sided injuries. 89% of patients had road traffic accidents,
and 11% of patients fell from heights. The mean follow-up
was 1.5 years. The average time to union was 8 weeks (range:
6-13 weeks). The criteria for acceptable alignment include
deviations up to 5° in the coronal and sagittal planes, and
10° in rotation. The neck shaft angle was measured and it was
comparable to the normal side with no significant difference.
All the fractures united in an acceptable alignment, and there
was no case of nonunion or malunion [Figures 3-6]. The
mean femur length discrepancy was 7 mm (range 5-11 mm).
There was no infection. In one patient, the distal locking
bolt was broken [Figure 7]. However, there was no need for
reoperation for primary intervention. The fracture united and
the broken bolt was removed. At the last follow-up (1.5 years),
all the patients had normal hip and knee range of motion and
normal gait. There was no pain at the fracture site or at the
entry point. There was no clinical or radiological evidence of
femoral head osteonecrosis in any case.

Table 1: The demographic characteristics with preoperative and
postoperative variables.

Total patients (n) 19
Male: Female 127
Right: Left 11:8
Mean age (years) 12.36
RTA: Fall from height 17:2
Non union 0
Malunion 0
AVN 0
Deformity (varus/valgus) 0
Mean LLD (mm) 7
RTA, road traffic accident: AVN, avascular necrosis; LLD, limb length
discrepancy

Figure 3: Preoperative radiograph of a patient with
comminuted fracture of proximal third shaft femur.

Figure 4: Postoperative radiograph of a patient with comminuted
fracture of proximal third shaft femur showing union at the fracture
site.

Figure 5: Preoperative radiograph of a patient with long oblique
fracture of shaft femur extending up to subtrochanteric region.

DISCUSSION

The management of femoral shaft fractures in older children
and adolescents requires special attention for orthopedic
surgeons. The two prime factors for deciding the optimal
mode of fixation are canal diameter at the level of the isthmus
and open physes.”! The commonly performed procedures
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Figure 6: Postoperative radiograph of a patient
with long oblique fracture of shaft femur extending
up to subtrochanteric region showing union at the
fracture site.

Figure 7: Postoperative radiograph
showing complication in one case where
distal locking bolt was broken. However,
there is union at fracture site.

include intramedullary nailing, external fixation and
plating. External fixators are preferred in open fractures,
polytrauma and vascular injuries. The plating, especially
MIPO, is preferred in cases where the canal diameter is
very narrow. The intramedullary fixation methods have
been minimally invasive and have provided good results in
terms of union rates and complications.?!! Flexible nailing
through the retrograde approach is preferred in the age
group of 5-11 years. However, flexible nails are not suitable
for long spiral and comminuted fractures, and these tend
to bend in overweight children.???! Other reported
complications are irritation of the skin due to protruded
nail ends, malunion and limb length discrepancy (LLD).™!
Ulici et al.? reported three prognostic factors that have
influenced the outcome of the flexible nailing technique.
These include age greater than 11 years, weight greater
than 50 kg and the mode of injury. The last one was the
most important and independent factor in the prediction of
delayed union or deformity.

The rigid nails are preferred in patients with an age greater
than 11 years, obese patients with a body weight greater than
49 kg, and unstable and comminuted fractures.

The femoral head derives its primary blood supply from
the medial circumflex femoral artery. The branches of this
vessel pierce the articular capsule at the level of the superior
gemellus muscle. These small vessels finally ascend around
the neck to supply the head region.?*?"! The proximity of this
vasculature around the piriform fossa makes it vulnerable
to disruption during entry point formation.”??”?! The entry
point for antegrade nailing had been a matter of debate
previously. The piriformis entry point had been disregarded
in view of the reporting of a serious complication in the form
of AVN. MacNeil et al.® performed a systematic review
to find out the ideal entry point for skeletally immature
patients. The three entry points — piriformis fossa, tip of
GT and lateral aspect of the GT were compared. The lateral
aspect of GT was found to be the safest entry point with
the least risk to the vasculature around the hip. However,
the coxa valga deformity had been reported in some studies
where the nail passed either through the tip of the GT or
some portion of the trochanteric physis.’**!! The proximal
femur develops from a single epiphysis in the early part of
gestation. It then divides into two epiphyses (the capital
femoral epiphysis and the GT apophysis) separated by an
osseous portion. There is a remnant of epiphysis around
the medial aspect of the GT and the lateral-most part of
the neck. Gordon et al.’! attributed injury to this specific
portion, resulting in valgus deformity and narrowing of
the neck. Therefore, the entry point at the lateral aspect of
GT not only avoids the AVN but also prevents this valgus
deformity. In our study, we used the lateral aspect of GT as
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Table 2: Comparison of previous studies reporting results of rigid intramedullary nail in the adolescent population.
Author Journal Year Type of Total Mean Timeto Union Entrysite Avascular Infection Mean
study pati-  age Union  rate necrosis Follow-up
ents (years) (weeks) (%) (years)
Townsend*? CORR 2000 Retrospective 34 12.5 NA 100  GT tip 0 0 2
Gordon?”) JBJS 2003 Retrospective 22 10.5 NA NA  Lateral GT 0 NA 2
Gordon!" JOT 2004 Retrospective 15 12 7 100  Lateral GT 0 0 1.6
Kanellopoulos JTIIC 2006 NA 20 14.4 9 100  GTtip 0 0 24
Mehlman®*! JTIIC 2007 Retrospective 6 12.5 NA 100 GT 0 0 14
Keeler!"! JPO 2009 Retrospective 78 12.9 7 100  Lateral GT 0 2 1.1
Elgohary® EJOST 2014 Retrospective 23 12.6 9 100  GT tip 0 0 2.5
Chenl JOT 2018 Retrospective 112 10.3 NA 100 GT NA 0 0.7
This study 2020 Retrospective 19 12.3 8 100  Lateral GT 0 0 1.5
CORR: Clinical Orthopedics and Related Research; JBJS: Journal of Bone and Joint Surgery; JTIIC: Journal of Trauma Injury, Infection, and Critical Care;
JPO: Journal of Pediatric Orthopedics; EJOST: European Journal of Surgery and Trauma; JOT: Journal of Trauma; GT: Greater Trochanter; NA: not available.

an entry point, and none of the patients had AVN or the
valgus deformity.

The comparison of studies reporting results of rigid
intramedullary nails in the adolescent population is shown
in Table 2.32-34

All the previous studies had a retrospective design. The
patient sample size ranged between 6 and 112 (mean 34.4).
The mean age ranged from 10.3 to 14.4 years (average 12.2).
The time to radiological union ranged between 7 and 9 weeks
(average 8 weeks). There was complete union among all the
patients. The GT was chosen as the entry point in all the cases.
None of the cases had AVN of the femoral head. The mean
follow-up ranged between 1.1 and 2.4 (average 1.6 years).

The main limitation of our study is its retrospective design.
Moreover, there is no control group, and the sample size is
small. High-quality randomized studies with comparison
groups are required in the future.

CONCLUSION

The rigid intramedullary interlocking nail is a valuable option
for the fixation of femoral shaft fractures in the adolescent
age group with a good union rate and minimal complications.
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