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Abstract Conclusion: Though there was variability in postoperative
treatment of pediatric femur fractures, this study demon-
strates no statistically significant difference between meth-
ods of reduction, fixation, or postoperative weight bearing
protocols in radiographic outcomes. Further investigation
may be needed to ensure adequate power to support defin-
itive conclusions.

Background: Surgical management of pediatric femur frac-
tures is accomplished with intramedullary nailing or plate
fixation. These fractures heal quickly with a low incidence
of complications, although there is a paucity of evidence on
how long postoperative weight bearing restrictions need to
be in place or whether they are even necessary at all. The

objectives of this study are to compare methods of fixation Keywords
of pediatric femur fractures and postoperative weight bear- o o ) )
ing protocols and to correlate these with healing time and Pediatric, Femur, Fixation, Weight bearing, Callus

complication rates.

Methods: This is a retrospective cohort study performed at Introduction

a Level 1 Trauma Center, investigating 60 patients ages 4 to

15 with 63 femoral shaft fractures fixed with intramedullary Within the past 2 decades, there has been an
nailing or plate osteosynthesis. Patients underwent closed, overall trend toward increased surgical management
percutaneous, or open reduction of their fracture, followed of pediatric femur fractures. This is particularly true

by locked or flexible intramedullary nailing or plate fixation. . . .
Postoperative weight bearing protocols were at the discre- in the 5 to 10-year-old age group, in which the use of

tion of the treating surgeons. Main outcome measurements operative treatment has more than doubled [1]. The
included time to callus formation, complications, and time to 3 commonly used modes of fixation for femur frac-
weight bearing. tures in children and adolescents are flexible intra-
Results: 63 fractures were treated using rigid locked in- medullary nailing, locked intramedullary nailing, and

tramedullary nails (10), flexible unlocked intramedullary
nails (14), and plate fixation (39). No significant difference
in time to callus formation or complication rate was found

submuscular plating. Multiple studies have validated
the use of plate osteosynthesis and intramedullary

between the types of fixation. There was a significant asso- ~ Nailing in the fixation of these fractures, with each
ciation between locked nailing and the allowance of weight technique having its own unique set of indications
bearing postoperatively (p < 0.01), but otherwise no as- and considerations [2,3].

sociation was found between the methods of reduction or

fixation and the weight bearing protocol. All patients in the When utilized in the appropriate patients, these oper-

study developed callus over multiple cortices by 6 weeks  3tjye methods have shown successful outcomes with an
and ultimately reached radiographic union. overall low risk of complications [4-6]. Healing of pedi-
atric femur fractures is reliable, with a reported average
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time to radiographic union of approximately 6 weeks
for compression plating, 6 weeks for percutaneous sub-
muscular plating, and 8 weeks for flexible nailing [7,8].

Though several studies demonstrate consistency
in healing time and clinical outcomes between these
different fixation methods, postoperative weight bear-
ing protocols vary widely between providers, with some
requiring non-weight bearing until evidence of radio-
graphic healing, others allowing touchdown weight bear-
ing for 6 weeks with progressive advancement thereaf-
ter, and some even further immobilizing in spica casts
[4-12]. Periods of weight bearing protected by assistive
device also vary depending on surgeon preferences
[13]. The time to full weight bearing after fracture fix-
ation has been investigated as an outcome measure in
comparison studies of surgical technique, but such re-
search may be confounded by the instructions of the
treating surgeon.

The purpose of this study is to evaluate differences
in fixation and postoperative weight bearing protocols
for pediatric femur fractures at our institution. We at-
tempted to identify any association between the meth-
od of reduction and fixation, the postoperative weight
bearing instructions, the time to radiographic callus
formation, and the incidence of postoperative compli-
cations.

Methods

After obtaining Institutional Review Board (IRB)
approval, our institutional database was queried from
2007 to 2017 to identify pediatric patients between
the ages of 4 and 15 who underwent surgical treat-
ment of a femur fracture (CPT codes 27244, 27245,
27506, 27507, 27511). Femoral head and neck frac-
tures and intra-articular distal femur fractures were
excluded from the initial search. Retrospective chart
review was performed using the electronic medical
record (EPIC Hyperspace, EPIC Systems Inc., Verona,
WI) to further exclude any physeal fractures, patho-
logic fractures, open fractures, and ipsilateral injuries
that precluded postoperative weight bearing on the
injured limb. Patients with neurovascular injury and
those who were nonambulatory at baseline were also
excluded. The final cohort included fractures of AO/
OTA classification 31A, 32A, 32B, 32C, and 33A.

Patient demographics (Table 1) and clinical data
were recorded, including age, gender, height, weight,
laterality of injury, mechanism of injury, and concom-
itant injuries. Radiographic data included fracture
pattern and location, as well as the timing to pres-
ence of callus over multiple cortices on postopera-
tive radiographs. Operative data included fracture
reduction technique (direct/percutaneous/indirect),
type of implant used, and presence or absence of
compression through the implant. Postoperative
data included complications and weight bearing in-
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structions.

Our study population included 60 patients with
63 fractures after excluding patients for concomitant
injuries limiting postoperative weight bearing (14),
baseline nonambulatory status (6), open fracture (6),
physeal or articular involvement (4), pathologic frac-
ture (2), and follow-up less than 1 month (2). There
were 8 surgeons involved in the care of these patients
with subspecialty training in trauma, oncology, and
pediatrics. Implant choice was based on fracture pat-
tern, patient characteristics, and surgeon preference.
Fixation was performed by locked intramedullary
nailing, flexible intramedullary nailing, or submus-
cular plating. Flexible nailing was preferred by our
pediatric orthopaedic surgeon, while submuscular
plating was performed primarily by our orthopaedic
trauma surgeons. Flexible nailing was only performed
in patients under 50 kilograms with length-stable
fracture patterns (32A2 or 32A3). Standard surgical
techniques were used throughout.

Table 1: Demographics.

Total Number of Patients 60

Male 45
Female 15

Age (average) 9.52 years
Height (average) 142.11 cm
Weight (average) 38.62 kg
BMI (average) 20.70 kg/m?
AO Classification

31-A3

32-A1 9

32-A2 14

32-A3 33

32-B1 1

32-B2 1

32-B3 1

32-C1 1

33-A1 2
Mechanism

MvC 16
Pedestrian struck by auto 16
Bicyclist struck by auto 3

Fall 15

Crush 6

Contact sport 5

Other collision 2

Implant

Locked IMN 10
Flexible IMN 14

Plate 39

BMI: Body mass index; MVC: Motor vehicle collision; IMN: In-
tramedullary nail.
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Postoperatively, all patients were followed through
radiographic union, with a mean follow-up duration
of 18.31 months (range 3-104 months). Although
they were followed at varying intervals of time, all
patients had an early postoperative follow-up at ap-
proximately 2 weeks and another postoperative fol-
low-up at approximately 6 weeks. Postoperative ra-
diographs were not routinely obtained at 2 weeks but
were consistently obtained at 6 weeks. Postoperative
physical therapy was ordered according to surgeon
protocol, and this varied by surgeon. All radiographs
were analyzed by 1 author for the presence of cal-
lus over multiple bony cortices on orthogonal views,
which was used as an indication of successful healing.

Clinical outcomes included the allowance of postop-
erative weight bearing, the presence of callus over mul-
tiple cortices, ultimate radiographic union, and postop-
erative complications.

The Kruskal-Wallis test was used to determine wheth-
er any statistically significant associations were pres-
ent among the weight bearing groups when data was
non-normally distributed, such as methods of reduction
and fixation. Fisher’s exact test was used to analyze
complication rate. Post hoc tests were then further em-
ployed to specify the significant associations.

Results

The study group was comprised of 63 fractures in
60 patients. Locked intramedullary nailing was per-
formed for 10 fractures (15.9%), flexible intramedul-
lary nailing for 14 fractures (22.2%), and submuscu-
lar plating for 39 fractures (61.9%). Open reductions
were performed in 19 cases (30.2%), percutaneous
reductions in 8 cases (12.7%), and indirect reduc-
tions in the remaining 36 cases (57.1%). 18 fractures
(28.6%) were compressed, either through the use of
a screw placed eccentrically in the hole of the plate,
or through the placement of a lag screw followed by
neutralization plating. 43 patients (68.3%) were made

non-weight bearing immediately postoperatively,
though 8 (12.7%) of these were presumably to allow
for soft tissue rest and were advanced in their weight
bearing status shortly afterwards. At 2 weeks post-
operatively, 8 patients (12.7%) were allowed to be
touchdown weight bearing, and 20 patients (31.7%)
were allowed to be full weight bearing.

Surgeons were most restrictive with postoperative
weight bearing when fixation was performed with flex-
ible intramedullary nails, and weight bearing was most
readily advanced when fixation was performed with
locked intramedullary nails. By 2 weeks postoperative-
ly, all patients who underwent locked intramedullary
nailing were allowed to be full weight bearing on the
affected extremity. On the other hand, 11/14 (78.6%)
of those stabilized with flexible nails were still required
to continue non-weight bearing on the extremity. Post-
operative protocols for submuscular plating were more
variable. By 2 weeks postoperatively, 24/39 (61.5%) of
the patients who underwent submuscular plating were
non-weight bearing, while 7/39 (17.9%) were touch-
down weight bearing and 8/39 (20.5%) were full weight
bearing on the extremity. A small number of patients in
each subset were restricted in weight bearing between
immediately and 2 weeks postoperatively; though the
reason for this was not explicitly stated, it was pre-
sumed to be for soft tissue rest since this practice was
independent of radiographic findings. This occurred
most frequently in those who underwent submuscular
plating. By 6 weeks postoperatively, all but 3 patients in
the study were allowed to be full weight bearing, with
the final 3 kept touchdown weight bearing until their
subsequent follow-up appointment. There was a sta-
tistically significant difference in the amount of weight
bearing allowed at 2 weeks between locked nailing and
the other two groups (p < 0.01); however, when flexible
nailing and plating were compared, there was no signifi-
cant difference (p = 0.37) (Table 2 and Table 3).

Patient weight did not appear to be a factor in the

Table 2: Weight Bearing at 2 Weeks Postoperatively.

Intervention NWB TDWB WBAT p-value
Implant <0.01
Locked IMN (n = 10) 0 (0%) 0 (0%) 10 (100%)
Flexible IMN (n = 14) 11 (78.6%) 1(7.1%) 2 (14.3%)
Plate (n = 39) 24 (61.5%) 7 (17.9%) 8 (20.5%)
Reduction 0.11
Direct (n = 19) 11 (57.9%) 4 (21.1%) 4 (21.1%)
Percutaneous (n = 9) 8 (88.9%) 0 (0%) 1(11.1%)
Indirect (n = 35) 16 (45.7%) 4 (11.4%) 15 (42.9%)
Compression 0.95
Compressed (n = 18) 10 (55.6%) 2(11.1%) 6 (33.3%)
Not Compressed (n = 45) 25 (55.6%) 6 (13.3%) 14 (31.1%)

NWB: Non-weight bearing; TDWB: Touchdown weight bearing; WBAT: Weight bearing as tolerated; IMN: Intramedullary nail.
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Table 3: Kruskal-Wallis Test for Weight Bearing.

Weight Bearing by Implant

H-statistic: 4.62289
Degrees of
p-value: 0.000023 freedom: 2
Dunn p-values, further adjusted by the Benjamini-Hochberg FDR method (significant p < 0.017)
Locked vs. Flexible IMN p =0.000039
Locked IMN vs. Plate p = 0.000039
Flexible IMN vs. Plate p =0.373169
Weight Bearing by Reduction
H-statistic: 4.3387 D
egrees of
p-value: 0.11425 freedom: 2
Weight Bearing by Compression
H-statistic: 0.0037 D
egrees of
p-value: 0.95147 freedom: 2
Table 4: Reduction Method by Implant.
Direct Percutaneous Indirect p-value
Implant <0.01
Locked IMN (n = 10) 0 (0.0%) 0 (0.0%) 10 (100.0%)
Flexible IMN (n = 14) 1(7.1%) 3(21.4%) 10 (71.4%)
Plate (n = 39) 18 (46.2%) 5(12.8%) 16 (41.0%)
Table 5: Kruskal-Wallis Test for Reduction Method.
Reduction Method by Implant
H-statistic 3.71632
Degrees of
p-value 0.001002 freedom: 2

Dunn p-values, further adjusted by the Benjamini-Hochberg FDR method (significant p < 0.017)

Locked vs. Flexible IMN p = 0.280686
Locked IMN vs. Plate p = 0.002531
Flexible IMN vs. Plate p =0.027118

decision to prevent early weight bearing. The average
weight of the non-weight bearing group at 2 weeks
was 33.15 kilograms; the touchdown weight bear-
ing group was 48.17 kilograms, and the full weight
bearing group was 45.93 kilograms. When locked in-
tramedullary nails were removed from the data set,
as these patients tended to be heavier and were uni-
formly allowed to bear full weight postoperatively,
the average weight for the full weight bearing group
at 2 weeks was 30.43 kilograms.

Open reductions were performed based on ei-
ther preference or necessity, with attempted closed
reductions at times converted to percutaneous or
open in order to obtain an adequate reduction. 19
(30.2%) fractures were reduced directly, using an
open approach to the fracture. The vast majority of
these (94.7%) utilized plate fixation for fracture sta-
bilization. 8 (12.7%) fractures were reduced percuta-
neously with an instrument within the fracture site
but only visualized on fluoroscopy. The remaining 36
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(57.1%) fractures were reduced indirectly. Fractures
treated with locked intramedullary nails were signifi-
cantly more likely than those treated with plates to
be reduced indirectly (p < 0.01) (Table 4 and Table 5).
By 2 weeks postoperatively, surgeons allowed 42.2%
of those who underwent direct reduction and 45.5%
of those who underwent indirect or percutaneous re-
duction to bear some weight on their fracture. There
was no statistically significant correlation between
method of reduction and postoperative weight bear-
ing status (p = 0.11) (Table 2 and Table 3).

All patients whose fractures were compressed un-
derwent fixation with plate osteosynthesis. By 2 weeks
postoperatively, 33.3% of these patients were allowed
to be full weight bearing, with another 11.1% being
touchdown weight bearing. There was no statistically
significant correlation between use of compression and
postoperative weight bearing status (p = 0.95) (Table 2
and Table 3).

There were no cases of nonunion. Radiographs
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were not regularly obtained at the 2 week follow-up
visit but were generally obtained at 6 weeks postop-
eratively. All patients who had radiographs at the 6
week time point demonstrated the presence of callus
over multiple cortices. In the 3 patients who missed
their 6 week follow-up, all had abundant callus over
multiple cortices when they were seen again at 8.5 to
9.5 weeks postoperatively.

There were only 3 notable complications within
our study group; 2 of these were from the flexible
nail group (13.33%) and the third was from the plate
group (2.56%) (p = 0.18).

One complication in the flexible nail group was in
a 12-year-old male with a short oblique femoral shaft
fracture, who was allowed to be touchdown weight
bearing at 4.5 weeks and advance as tolerated. He
was lost to follow-up until 15.5 weeks postoperative-
ly, when he presented with a re-fracture through his
callus after he was tackled while playing football. He
underwent plating of his fracture and had uncompli-
cated healing by 6 weeks.

Another flexible nail complication occurred in an
8-year-old female who was found to have loss of re-
duction on radiographs obtained at her 1.5 week fol-
low-up. She underwent revision closed reduction with
adjustment of the nails, was kept non-weight bearing
until 4 weeks postoperatively, and subsequently healed
uneventfully.

The final complication occurred in an 8-year-old
male with a transverse midshaft fracture who un-
derwent open reduction and submuscular plating.
He was made non-weight bearing but was lost to
follow-up until 9 weeks postoperatively and had re-
portedly been bearing weight on his leg for 1 week
by this time. He was at a playground when he twist-
ed and fractured his femur at the level of the most
proximal screw. He underwent revision plate fixation
with compression through a lag screw and was kept
non-weight bearing until 6.5 weeks postoperatively.
Radiographs were obtained at that time showing cal-
lus over multiple cortices over both of his fractures,
and he was allowed to progress weight bearing.

Discussion

The treatment of choice for pediatric femur frac-
tures remains dictated by the child’s characteristics,
the fracture pattern, and the treating surgeon’s pref-
erences. While locked compression plate fixation has
shown at least twice the stiffness and increased tor-
sional stability when compared with titanium elastic
nails, flexible nailing has the advantages of minimal
soft tissue dissection, faster operative times, and
decreased surgical costs, with equivalent outcomes
when used in the appropriate patients [14-16]. Plat-
ing is accompanied by the potential risks of delayed
healing from soft tissue stripping, femoral over-
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growth, implant failure, and fracture through screw
holes [9,12,17-19]. Flexible nailing, on the other
hand, is theoretically limited to length-stable frac-
tures in smaller patients, with greater risks of loss of
reduction, malunion, and a longer time to full weight
bearing as a result of decreased stability [12,20,21].

Despite the risks and benefits involved with each
method, all have been employed successfully in the
treatment of pediatric femur fractures [13,17,22]. This
patient demographic and injury pattern is typically asso-
ciated with dependable radiographic healing over a pe-
riod of 6-8 weeks [7,8]. Time to full weight bearing has
been used as another outcome measure, reported at an
average of 8 weeks for compression plating, 7 weeks for
submuscular plating, and 12 weeks for flexible nailing
[4,12]. However, postoperative weight bearing proto-
cols vary widely between providers and institutions,
with some allowing immediate weight bearing with as-
sistive device, others requiring touchdown weight bear-
ing until callus formation, with progressive advance-
ment, and others still preferring non-weight bearing
until callus formation [5,7-11,15].

Our study is the first to focus on the variability that
exists between different surgeons’ postoperative
protocols after fixation of pediatric femur fractures,
even when stratifying by implant choice. We found
that some surgeons required 2 weeks of restrict-
ed weight bearing for soft tissue rest, while others
chose to forego the resting period entirely. Though
immediate weight bearing on locked intramedul-
lary nails was universal, there was greater variability
among flexible intramedullary nail and submuscular
plate fixation. In those cases, there was no significant
correlation between implant used and weight bear-
ing protocol. There was no trend towards increasing
patient weight and increasing weight bearing restric-
tions. We found no association between the use of
direct or indirect reduction with the chosen weight
bearing protocol, despite the theoretical concern of
devitalizing the fracture site through soft tissue strip-
ping. Similarly, we found that the use of compression
through the fracture site was not associated with the
allowance of earlier weight bearing. There was also
no association between method of fixation and ra-
diographic healing, which was relatively robust for all
cases.

The plate fixation group was found to have the most
variability in postoperative weight bearing protocol. Of
particular interest was the cohort of patients who un-
derwent plate fixation and were allowed to bear weight
immediately on their fractured extremity. By 2 weeks
postoperatively, a total of 15 patients in this cohort
were allowed to bear some degree of weight. As above,
all of these patients healed uneventfully, and there
were no complications in this subset of patients. This
suggests that stable plate fixation of femur fractures in
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children may diminish the need for restricted weight
bearing, similar to the protocol employed for locked in-
tramedullary nailing.

Limitations of this study include its retrospective na-
ture. This limited data to information available in the
medical record, which did not allow for the inclusion of
functional outcomes, as these were not adequately or
consistently documented. It also limited data collection
to those protocols which were arbitrarily decided upon
by the surgeon, which left us unable to analyze a great-
er variety of treatment arms. Additionally, it is difficult
to know definitively when patients began full weight
bearing, regardless of when they were instructed to
begin by their surgeon. Since we were looking specifi-
cally at weight bearing protocols, we had to exclude a
substantial number of patients who had other factors
affecting their postoperative weight bearing. We were
thus left with a relatively small sample size, which may
have affected the statistical significance of our results
and predisposed our findings to sampling bias. Anoth-
er limitation is the inability to truly gauge the time to
callus formation because radiographic data is limited to
follow-up appointments during which radiographs are
taken. Surgeon and patient variability in scheduling and
attending postoperative follow-up visits contributed to
missing data. Finally, adequate visualization of all bony
cortices on postoperative radiographs was limited by
interference from implants, specifically the plates. This
has been previously reported as a factor complicating
radiographic assessment of fracture healing [23].

In conclusion, children are an inherently irrespon-
sible patient demographic with regards to adherence
to postoperative instructions. However, they have
also shown themselves to reliably heal their frac-
tures under a variety of treatments and postopera-
tive weight bearing protocols. As a whole, surgeons
have not agreed upon the necessary weight bearing
restrictions for pediatric femur fractures, particular-
ly those treated with plate fixation. In this study, we
found that such practices do not seem to be directly
influenced by the use of an open or closed reduction
or compression at the fracture site. While fracture
pattern may have directed implant choice, we did not
find any indication that the injury pattern or patient
demographics affected decisions to allow or restrict
weight bearing. Our study provides preliminary sup-
port that non-weight bearing precautions may not be
necessary following plate fixation of pediatric femur
fractures because all of our patients healed quickly
and robustly. What may be of greater importance is
preventing early return to high-level exercises, as 2 of
our 3 complications were related to playground and
athletic activities. Further studies are needed to in-
vestigate the feasibility of allowing children to begin
early weight bearing on their fractures after fixation.
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