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Abstract

Background: This study evaluates submuscular locked plate in the pediatric femoral shaft fractures at the age from
6 to 12 years old.

Methods: A prospective study was done on 30 patients with fracture shaft femur. 18 of them were males and 12
of them were females. Fixation of all cases was done with a submuscular locked plate using the cluster technique.

Results: All fractures healed within 6 weeks. There have been no cases of non-union, malunion or infection.

Conclusion: Submuscular locked plate with cluster screw placement is a reliable and a useful option for fixation
of pediatric fracture shaft femur.
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INTRODUCTION

Several methods are used for fixation of pediatric fracture femur.
There is controversy in fixation of pediatric fracture femur in
children from 6-12 years old. Elastic rods, intramedullary nail,
plating and external fixators are methods for the fixation of pediatric
fracture femur [1-4].

According to the current American Academy of Orthopaedic
Surgeons (AAOS) Clinical Practice Guidelines concerning
pediatric diaphyseal femur fractures, there is poor-quality evidence
in support of any specific surgical treatment modality [5].

External fixation can be complicated by refracture, malunion,
delayed union, pin tract infections, and unsightly scars [4,6-8].
Rigid intramedullary devices are used routinely in adults, but in
children there is a serious risk of damaging the vascular supply
to the femoral head, resulting in avascular necrosis of the femoral
head when using piriformis fossa or even greater trochanter entry
points [1,9,10].

Classical compression plating, with a long incision and more soft
tissue damage, has a higher risk of infection and delayed healing,
with a reported reoperation rate of 10% [2]. Elastic intramedullary
nailing does not prevent shortening or malrotation, and it is difficult
to use it for fractures with metaphyseal extensions [3,11-13].

Locked plating provides a biomechanically more stable construct
than elastic intramedullary nailing [14].

The purpose of this research is to evaluate the results of sub-
muscular locked plate with cluster technique in the treatment of
pediateric femoral shaft fracture.

PATIENTS AND METHODS

A prospective study was done on 30 patients with fracture shaft
femur in our university hospital during 2014 and 2015. Follow up
ranges from (6-24 months) average 12 months. 18 were males and
12 were females.

Inclusion criteria were all patterns of pediatric femoral shaft
fractures in age range from 6 to 12 years. Exclusion criteria were
open femoral shaft fractures and pathological fractures.

Ethical committee agreement was taken. Age, laterality, associated
injuries and type of the fracture were documented. All the
patients undergo submuscular locked plating by senior surgeon.
Intraoperatively time of surgery, bl. loss and radiation exposure
were documented Table 1.

Table 1: Patient demographic, fracture and operative data.

Variables Values

Sex 18 males 12 females
Age 6-12

Laterality 16RT 14LT
Weight 23.5kg (14-41kg)
Mechanism of trauma

Fall from height 16

Motor car accident 7

Heavy object trauma 4

Toktok accident 3

Fracture type according to Muller classification

32A1 6

A2 8

A3 12

B2 4

Fracture level

Prox 8

Middle 16

distal 6

Length unstable 10

Days from injury* 2.5 (0-8)

Operative time* 57 min (30-100 min)
Fluoroscopic time* 51 sec

Estimated blood loss* 80 cc (50-150 cc)

A special technique for locked plate insertion was followed.
Radiolucent operative table was used. If there was substantial
comminution, both lower extremities were prepared and draped,
allowing for intraoperative comparisons between the two
extremities for rotation and length. The plate length was chosen
intraoperatively using fluoroscopy.

The plate was contoured proximally and or distally if needed. A
small proximal incision was opened. Skin, facia lata and vastus
posterolaterally was opened. The plate was slided exteraperiostially
under the vastus lateralis muscle (Fig. 1).

=

Fig. 1. Small incisions proximal and distal to the fracture with proper contouring
of the plate before insertion.

The most prox. screw was fixed. Then the 3rd screw from above.
The screws were taken unlocked first to bring the plate on the
bone. The distal incision was opened, then closed reduction was
done, then the 3rd screw from below was taken unlocked to bring
bone to the plate, so that indirect reduction of the fracture could be
gained, then the most distal screw was taken locked. Sometimes,
especially in simple fractures, sub-muscular digital reduction from
distal or proximal incision was needed. Another 2 screws (the 2nd
from above and below) should be taken. Thus, 3 screws above and
3 screws below the fracture were taken. All fractures were fixed
with the same technique. Narrow locked plate was used with
length from 8-14 holes. AP and Lat views were done to confirm
reduction. Closed bridge plating technique has the disadvantage of
not allowing for intraoperative open assessment of limb alignment.
Several intraoperative clinical and radiographic examination
methods that had been found to be reliable were developed to solve
this problem. Some of these methods such as the cable technique,
clinical knee hyperextension test, hip rotation test, and lesser
trochanter shape sign were performed to ensure the proper limb
alignment in the current study. Closure of the wound was done in
anatomical matter.

No post-operative immobilization was needed. The Patient came
after 2 weeks for stitch removal. The patient came after 6 weeks
to take X-ray to see if bone is healed to begin weight bearing. The
patient came after 3 months for assessment of gait, alignment,
rotation and knee motion.

Fracture type was classified according to the OTA/AO classification
as follows: A (simple, transverse or short oblique), B (wedge-shaped
middle fragment), or C (complex, with multiple fragments) [15].

There were 26 (86.6%) Type A fractures and 4 (13.3%)) Type B.
Fracture instability was defined as length unstable if it was complex
or spiral (the length of the fracture was twice as long as the diameter
ofthe femur at the level of the fracture) [16,17]. (33.3%) of fractures
were length-unstable fractures. Fracture level was separated into
the proximal, middle, and distal 1/3 of the diaphysis. Proximal
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1/3 diaphyseal fractures occurred in 8(26.6%) patients, middle 1/3
fractures in 16(53.3%), and distal 1/3 fractures in 6 (20%).

RESULTS

30 cases of pediatric fracture femur were fixed with submuscular
locked plate including 18 males and 12 females. Age was from 6
to 12 years. There were 16 right, 14 left. The average weight of
the patients was 23.5kg. Mechanisms of injury included: fall from
height (16), motor car accident (7), heavy object trauma (4) and
motorbike accident (3).

All fractures achieved union (bridging callus in AP and LAT.) in
average 6 weeks (Fig. 2-7).

Fig. 5. A 9-year-old patient with AO classification 32A1 fracture right femur.

Fig. 2. A female patient 6-year-old with fracture left femur AO classification 32A3.
8 A

Fig. 6. Immediate postoperative x-rays.

Fig. 3. Immediate postoperative x-ray after fixation of the fracture by
submuscular locked plate.

T

Fig. 7. 6 weeks follow up X-ray after fixation with submuscular locked plate,
showing bridging callus of the fracture.

Mean duration of surgery was 57 min., mean blood loss was 80 cc.
and mean number of Fluoroscopic time was 5S1sec. None of our
patients had clinically important malrotation or shortening noticed
by parents or treating surgeons. None of the patients with an LLD
required a shoe lift or had any functional deficit at latest follow-up.
Weight and age of the child don’t affect healing time, alignment
and length Also, there were no differences in the above parameters
among different fracture locations (proximal/middle/distal), and
no major complications occurred in proximal or distal fractures.
There were no cases of infection. Implant removal was done for 20
cases after 8-12 months of fixation from the same incisions without

Fig. 4. 6 weeks post-operative x-ray showing complete union of the fracture.

12 (2) 2017
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complications. It is our strategy to remove the plate after 8-12
months but some patients are delayed because of socioeconomic
aspects.

DISCUSSION

Pediatric femoral shaft fracture is a common injury. Casting,
external fixation, elastic intramedullary nail, intramedullary nails,
compression plating and submuscular plate have all been used as
a treatment option. The current AAOS Clinical Practice Guidelines
suggest there is poor-quality evidence in support of any specific
surgical treatment modality for diaphyseal femur fractures in
children [5].

In a prospective, randomized trial comparing spica casting to
external fixation, Wright et al. reported a 45% malunion rate
in children treated with spica casts, although there was not a
statistically significant difference in functional outcome or parent/
child satisfaction [18].

Skeletally immature patients are at increased risk for osteonecrosis
of the femoral head when piriformis or near piriformis fossa entry
nails are used. The rate of this potentially devastating complication
is at least 4%. Every effort should be made to decrease the risk of
osteonecrosis [1]. There is a risk for growth arrest of the greater
trochanter apophysis resulting in coxa valga and heterotopic bone
formation when violating the trochanteric physis [9]. External
fixation is complicated by high refracture rate, pin tract problems,
and unsightly scars [4]. Traditional compression plating has
hardware failures and a non-union rate as much as 10% [2,19].

Elastic intramedullary nailing does not prevent shortening or
malrotation, and it is difficult to use it for fractures with metaphyseal
extension [3,11-13].

In the current study, Proximal 1/3 diaphyseal fractures occurred
in 8(26.6%) patients, and distal 1/3 fractures in 6 (20%). All were
fixed well with submuscular locked plate with good stability and all
healed without malalignment or LLD.

Caglar et al. compared 21 patients treated with minimally invasive
plating with 17 patients treated by titanium elastic nail system
(TENS) in the age group 6-12 years and did not find any difference
in healing time but found fewer complications with plate [20].

Sink et al. compared femur fracture types and analyzed
complications of titanium elastic nails. After the efficacy of
elastic nails had been identified by other authors, this study group
treated nearly all midshaft femur fractures with TENs. They
reviewed 39 consecutive children with midshaft femur fractures,
identifying a 62% complication rate and eight patients (21%) who
underwent unplanned surgeries prior to complete union. Though
not statistically significant, the overall complication rate for length-
unstable fractures compared with length-stable fractures was 80
as opposed to 50%. Length-unstable fractures were defined as
comminuted or long oblique fractures; for the latter, the length
of the obliquity was twice as long as the femoral diameter at the
fracture level. Major complications, requiring operative revision,
were significantly higher in the length-unstable group (66 compared
with 12.5%). A decreased incidence of complications was reported
when at least 80% of the canal diameter was filled by the combined
diameter of the nails [21].

In the current study (33.3%) of fractures were length-unstable
fractures all healed after 6 weeks without malalignment or LLD.

In addition to length-unstable fracture patterns, older age and
increased body weight have been associated with an increased
incidence of complications after stabilization with TENs. Flynn led
another multi-centre TEN study from six centers, with 234 femur
fractures in 229 patients. Ninety percent of patients had excellent or
satisfactory results, with excellent or essentially perfect results in

12 (2) 2017

64%. There were 23 cases classified as poor for a 10% significant
complication rate — many of these were classified as poor based
on radiographic malalignment that was not always clinically
relevant. The outcome was better for central third fractures, and
a significantly higher complication rate was noted in older (>11
years) and heavier (>108 lbs) patients [22]. One level IV study
demonstrated a five times higher risk of poor outcomes for flexible
nailing in patients weighing > 49 kg (> 108 1b) [23].

A number of studies report SBPs are associated with high rates of
healing, reasonable alignment, and low reoperations rates, their
findings require confirmation and proof of reproducibility [24-27].

In 2006, Sink et al. described their technique for sub-muscular
bridge plating. This study included 27 patients over a 2-year span at
2 level-I pediatric trauma centers. A single distal incision followed
by several small incisions allowed for percutaneous placement of
screws. There were no intraoperative complications and all patients
healed by 12 weeks. The plates were removed electively around
6 to 8 months through the same percutaneous incisions without
difficulty. There were no cases of refracture after plate remova [27].

Our technique involves 2 incisions on the lateral aspect of the
thigh. The length of the incisions allows screw placement to be
made under direct visualization. In this study, percutaneous screw
placement wasn’t needed.

Pre-contouring the plate to the patient’s femur allows for reduction
of the varus or valgus angulation. Recommendation of plate
removal typically occurs after 6 months. We have found implant
removal to be simplified because, under direct visualization, the
screws are removed through the same proximal and distal incisions.
This also reduces radiation exposure and decreases fluoroscopy
time. No complication or difficulty encountered in plate removal.

None of our patients had clinically important malrotation or
shortening noticed by parents or treating surgeons. None of the
patients with an LLD required a shoe lift or had any functional
deficit at latest follow-up.

A lot of studies support the use of sub-muscular locked plate in
length-unstable fractures, proximal and distal pediatric femoral
fractures and in heavy children (>40 kg) and older children [26-29].

In the current study sub-muscular locked plate used in all fracture
patterns in the age from 6-12 years old with excellent results.

The technique of femoral shaft plating has evolved with a better
understanding plate mechanics. Rozbruch et al evaluated results of
femoral fracture plating over 30 years, emphasizing the evolution
of plating techniques, including the use of longer plates, indirect
reduction techniques, fewer plate screws, and fewer lag screws.
The best predictor of success was the length of the plate. In the
comminuted and long oblique fractures treated in this study, the
longer plate results in less strain on the plate and screws as the
working length of the plate increases. With the soft tissues intact
around the fracture, the more rapid callus formation results in
earlier load sharing of the bone. This limits the period of the load
carried by the plate and the potential for failure. The longer plate
also requires fewer screws needed for optimal plate fixation. It
was found that if the fracture was of significant length, allowing
room for 2 to 3 screws proximal and distal, there was still enough
mechanical stability with a long plate to successfully stabilize the
fracture [30].

It combines the best characteristics of closed treatment methods
(preservation of the biology of the fracture site) with the best
characteristics of surgical treatment (stability and preservation of
the correct alignment, early mobility and ease of care).

Cluster technique simplifies application of the screws through
the small incisions. From this study cluster technique gives good
stability for healing of pediatric fracture shaft femur.



20 MOHAMED KHALED, KAMAL ELGAFARY, HATEM BAKR, MAHMOUD BADRAN

Our study has several limitations as small sample size, short follow
up and absence of comparison group. Subsequent studies analyzing
long-term follow-up are needed to support these findings.

CONCLUSION

Submuscular locked plate with cluster technique is a good fixation
tool for pediatric fracture shaft femur and can be used in all fracture
patterns with the least complications.
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