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Background: Debate exists over the safety of rigid intramedullary nailing of femoral shaft fractures in skeletally im-
mature patients. The goal of this study was to describe functional outcomes and complication rates of rigid intramedullary
nailing in pediatric patients.

Methods: A retrospective review was performed of femoral shaft fractures in skeletally immature patients treated with
trochanteric rigid intramedullary nailing from 1987 to 2009. Radiographs made at initial injury, immediately postopera-
tively, and at the latest follow-up were reviewed. Patients were administered the Nonarthritic Hip Score and a survey.

Results: The study population of 241 patients with 246 fractures was primarily male (75%) with a mean age of 12.9 years
(range, eight to seventeen years). The majority of fractures were closed (92%) and associated injuries were common
(45%). The mean operative time was 119 minutes, and the mean estimated blood loss was 202 mL. The mean clinical
follow-up time was 16.2 months (range, three to seventy-nine months), and there were ninety-three patients with a
minimum two-year clinical and radiographic follow-up. An increase of articulotrochanteric distance of >5 mm was noted in
15.1% (fourteen of ninety-three patients) at a minimum two-year follow-up; however, clinically relevant growth disturbance
was only observed in two patients (2.2%) with the development of asymptomatic coxa valga. There was no femoral head
osteonecrosis. Among the 246 fractures, twenty-four complications (9.8%) occurred. At the time of the latest follow-up,
1.7% (four of 241 patients) reported pain. The average Nonarthritic Hip Score was 92.4 points (range, 51 to 100 points),
and 100% of patients reported satisfaction with their treatment.

Conclusions: Rigid intramedullary nailing is an effective technique for treatment of femoral shaft fractures in pediatric
patients with an acceptable rate of complications.

Level of Evidence: Therapeutic Level IV. See Instructions for Authors for a complete description of levels of evidence.
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emoral shaft fractures are a common injury in children

and adolescents. In patients older than four years of

age, the majority of fractures are treated operatively.
Rigid intramedullary nailing is the standard treatment of
femoral shaft fractures in adults and in older children and
adolescents with good results'*. Rigid intramedullary nail-
ing provides stable internal fixation allowing for early mo-
bilization of the patient with immediate weight-bearing.
Other treatment options include traction with spica casting,
flexible nailing, external fixation, and plate fixation; how-
ever, there are disadvantages with each of these alternatives.
The disadvantages of traction and casting for femoral shaft
fractures include prolonged hospitalization and immobili-
zation with risks of malunion and joint stiffness’'’. Due to a
lack of rigid fixation, flexible nailing has an increased rate
of malunion in older and larger patients''. External fixation
has a higher rate of complications, including malunion, when
compared with flexible nailing'®. Plate fixation does not allow
immediate weight-bearing and may require greater use of in-
traoperative fluoroscopy when compared with rigid intramedul-
lary najlinglllét'

A major concern with rigid intramedullary nailing in
skeletally immature patients is the association of piriformis
entry rigid intramedullary nailing with resultant osteonecro-
sis'**!. This complication is believed to be related to injury to
the ascending branch of the medial femoral circumflex artery,
which is in close proximity to the piriformis fossa". The rate of
osteonecrosis with piriformis entry nailing may be as high as
1% to 5% in a skeletally immature patient'*'**. Trochanteric
entry has been utilized as an alternative for rigid intramedullary
nailing in children and adolescents as it is relatively distant
from the pericapsular vasculature®, with only two reported
cases of osteonecrosis with this technique®*.

TABLE | Radiographic Measurement Reliability Analysis

RIGID INTRAMEDULLARY NAILING OF FEMORAL SHAFT
FRACTURES IN SKELETALLY IMMATURE PATIENTS

Although trochanteric rigid intramedullary nailing of fem-
oral shaft fractures in skeletally immature patients has gained
acceptance, concern remains related to the potential for proximal
femoral growth disturbance secondary to the implant crossing the
trochanteric apophysis. Alterations of proximal femoral anatomy
have been described following trochanteric rigid intramedullary
nailing in this population, but these radiographic findings may not
be clinically important™**.

The current literature on skeletally immature patients with
femoral shaft fractures treated with rigid intramedullary nailing
consists of relatively small studies ranging in size from twenty to
eighty patients”. Furthermore, there are four clinical series
showing functional outcomes after femoral rigid intramedullary
nailing in adults**’; however, to our knowledge, there have been
no similar studies for skeletally immature patients.

The objective of this study was to present a large cohort
of skeletally immature patients with femoral shaft fractures
treated with rigid intramedullary nailing and a subcohort with
a minimum two-year follow-up. We sought to determine the rate
of complications and to describe functional outcomes using a
validated measure.

Materials and Methods

ollowing institutional review board approval, a retrospective review was
Fperformed of femoral shaft fractures treated with rigid intramedullary
nailing at a single institution from 1987 to 2009. Inclusion criteria were skeletal
immaturity with an open proximal femoral physis, distal femoral physis, or iliac
apophysis at the time of injury, treatment with trochanteric entry rigid
intramedullary nailing, and minimum clinical follow-up of three months.
Complication rates were determined within this overall cohort. Clinical
and radiographic outcomes were assessed in subcohorts with a minimum two-
year follow-up. Exclusion criteria were inadequate medical records or radiographs,
an underlying bone disorder, or ipsilateral proximal femoral or acetabular
injury.

Intraclass Correlation Coefficient*

95% Prediction Limitt

Conventional radiographs (manual measurement)
Femoral neck-shaft angle
Intra-rater
Inter-rater
Articulotrochanteric distance
Intra-rater
Inter-rater

Digital radiographs (PACS measurement)
Femoral neck-shaft angle
Intra-rater
Inter-rater
Articulotrochanteric distance
Intra-rater
Inter-rater

0.772 (0.679 to 0.840)
0.871 (0.809 to 0.913)

1.5° (0.2° to 2.8°)
1.9° (0.9° to 2.9°)

0.987 (0.981 to 0.991)
0.993 (0.990 to 0.996)

0.3 mm (0 to 1.1 mm)
0.5 mm (0 to 1.4 mm)

0.831 (0.759 to 0.883)
0.908 (0.863 to 0.938)

1.5° (0.4° o 2.6°)
1.8° (1.0° to 2.6°)

0.993 (0.986 to 0.996)
0.997 (0.993 to 0.998)

0.3 mm (0 to 0.7 mm)
0.4 mm (0 to 1.0 mm)

given as the mean, with the range in parentheses.

*The values are given as the mean, with the 95% confidence interval in parentheses; these values were significant at p < 0.001. ¥ The values are
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Fig. 1-A Fig. 1-B

Fig. 1-C Fig. 1-D

Figs. 1-A through 1-F Images showing trochanteric entry rigid intramedullary nailing for an eleven-year-old boy with a type-ll open fracture. Fig. 1-A
Preoperative lateral radiograph. Fig. 1-B Preoperative anteroposterior radiograph. Fig. 1-C Intraoperative fluoroscopic image of guidewire insertion. Fig. 1-D
Intraoperative fluoroscopic image of proximal reaming.

In general, our algorithm for treatment of femoral shaft fractures in spica cast or a single-leg spica cast. Patients who are five to nine years of age are
skeletally immature patients is as follows. Patients who are under five years of age managed with flexible nailing for stable fractures and submuscular plating or
are managed with closed reduction and application of a one-and-one-half-leg flexible nailing supplemented with casting for unstable fractures. Patients who are
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ten years of age and older are managed with rigid intramedullary nailing con-
sidered on the basis of patient and fracture characteristics that favor rigid fixation,
including greater physiologic maturity, larger size (weight of >45 kg), length
unstable fractures (oblique, segmental, or comminuted), or fracture locations
that would preclude other types of fixation (proximal or distal fractures). Early in
the experience described in this article, younger children (7.5 to nine years of age)
were treated with trochanteric rigid intramedullary nailing. Currently, we do not
use this technique in this younger age range because of concerns of potential
growth disturbance and the proven reliability of alternative fixation methods.

Operative Technique

All patients were treated with trochanteric rigid intramedullary nailing on a
radiolucent table or a fracture table. In the early years of the study, a straight nail
was utilized (Russell-Taylor Delta II, Smith & Nephew, Memphis, Tennessee).
Later in the study, a nail with proximal angulation was utilized (Trigen, Smith &
Nephew). The trochanteric entry point is in the lateral portion of the trochanter,
inserting the guide pin in a location to avoid disruption of the lateral wall of the
piriformis fossa when reaming. Nail diameters were based upon preoperative
assessment of canal diameter and intraoperative determination of appropriate fit
during reaming. Complete fill of the canal was not attempted or desired. Reaming
was completed at 1.0 to 1.5 mm above the intended nail diameter. Proximal
reaming was performed to accommodate the proximal nail geometry (Fig. 1).

Postoperative Care

Patients were mobilized weight-bearing as tolerated without a specific physical
therapy regimen unless there was difficulty regaining strength or range of motion
of the hip or knee. Patients were followed until radiographic union. Early in the
study, routine implant removal (nail and screws) was recommended irrespective
of age. Over more recent years, we discouraged routine implant removal because

Fig. 1-E
Fig. 1-E Proximal anteroposterior radiograph showing healing fracture at four weeks postoperatively. Fig. 1-F Distal anteroposterior radiograph showing
healing fracture at four weeks postoperatively.
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of the extent of dissection required. When necessary, symptomatic interlocking
screws were removed. Medical records were reviewed for demographic charac-
teristics, injury mechanism, associated injuries, operative details, and compli-
cations. Radiographs made at initial injury, immediately postoperatively, and at
the latest follow-up were reviewed. Radiographic outcomes were assessed in
patients with a minimum two-year follow-up by evaluating for evidence of os-
teonecrosis or proximal femoral growth disturbance. Growth disturbance was
noted with a change in the articulotrochanteric distance of >5 mm or the
presence of coxa valga, defined as a 10° increase in the femoral neck-shaft angle or
a femoral neck-shaft angle of >145° at the time of the latest follow-up. Radio-
graphs prior to 2000 and after 2000 were examined. A standardized positioning
protocol was utilized during both time periods where the lower extremities are
internally rotated 15° to 20° for anteroposterior images of the pelvis and prox-
imal femur. Prior to 2000, anteroposterior pelvis and standing bone length ra-
diographs at the time of the latest follow-up were made for all patients, and
comparisons for growth disturbance were determined with the contralateral hip.
After 2000, our postoperative protocol was altered to minimize radiation and
cost, and radiographs of the anteroposterior pelvis and bone length were not
routinely available at the time of the latest follow-up; thus, comparisons for
growth disturbance were conducted between radiographs that were made im-
mediately postoperatively and those that were made at the time of the latest
follow-up. Limb-length discrepancy after 2000 was determined by clinical ex-
amination of the iliac wings and posterior superior iliac spines, leveling the pelvis
with graduated blocks. Conventional radiographs prior to 2002 were measured
manually. Digital radiographs after 2002 were measured on our picture archiving
and communication system (PACS).

Clinical outcomes were determined by attempting to contact and to
interview all patients with a minimum two-year follow-up. First, the patients
were administered the Nonarthritic Hip Score™. Next, they were asked four
additional questions: (1) had they seen another orthopaedic surgeon for their

Fig. 1-F
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TABLE Il Demographic Characteristics of Total Study Population and Phone Survey Cohort

Total Study Population Phone Survey
(N =241) Cohort (N = 39) P Value

Injury mechanism

Motor vehicle collision 50% 38% 0.23

All-terrain vehicle or motorcycle accident 18% 14% 0.64

Sports 23% 21% 0.84

Other 9% 17% 0.15
Sex

Male 75% 74% 1.0

Female 25% 26% 1.0
Mean age (yr) 12.9 13.5 0.34
Open fracture 8.1% 0% 0.09
Associated injury 45% 46% 1.0
Postoperative complication 10% 5% 0.55
Elective implant removal (interlocking screws and/or nail) 50% 56% 0.49
Mean duration of follow-up (mo) 16 83 NA*

*NA = not applicable.

leg or hip, (2) were they able to run or to participate in sports, (3) were they
employed or in school, and (4) were they satisfied with their treatment?

Demographic characteristics of the total study population and the phone
survey cohort were statistically compared utilizing a two-tailed Fisher exact test
for categorical values and an unpaired t test for continuous variables. Inter-rater
and intra-rater reliability of the radiographic measurements were determined.
Randomization charts were created and ten patients’ radiographs were selected
from both before and after the PACS time periods. Individual radiographs were
then randomly selected ten times and measurements of the femoral neck-shaft
angle and articulotrochanteric distance were completed by two observers (S.N.C.
and E.J.K.). Intraclass correlation coefficients were calculated. Agreement was
determined by intraclass correlation coefficient: <0.40 indicated poor agreement,
0.40 to 0.59 indicated fair agreement, 0.60 to 0.74 indicated good agreement, and
0.75 to 1.0 indicated excellent agreement. Analysis of variance calculations were
used to determine 95% predictions limits for error in the measurements.

Source of Funding

No external funding was received for this study.

Results

total of 411 patients were identified. Patients were excluded

for inadequate follow-up or records (n = 147), underlying
bone disorder (n = 19), or ipsilateral proximal femoral or ace-
tabular injury (n = 4). A total of 241 patients with 246 femoral
shaft fractures were included. Of these patients, fifty-four were
able to be located via administrative information in the medical
record and were contacted by telephone. Thirty-nine (72.2%) of
the fifty-four patients agreed to participate in the survey portion
of the study; the total response rate as compared with the overall
study population was 16.2% (thirty-nine of 241 patients).

Demographic Characteristics
The overall study population of 241 patients was primarily male
(75%) with a mean age of 12.9 years (range, eight to seventeen

years). Common injury mechanisms were motor vehicle colli-
sions (50%), sports (23%), and all-terrain vehicle or motorcycle
accidents (18%). Associated injuries were common (45%), and
the majority of fractures were closed (92%). Of the open frac-
tures, according to the Gustilo and Anderson classification sys-
tem, fourteen were type I, three were type II, and three were type
IIIa’". The mean operative time was 119 minutes (range, sixty to
325 minutes), and the estimated blood loss was 202 mL (range,
50 to 600 mL). The nail diameters were <8.5 mm (34%), 9 mm
(21%), 10 mm (44%), or 211 mm (<1%). The Russell-Taylor
Delta IT nail was implanted in 113 fractures (46%) and the Trigen
nail was implanted in 133 fractures (54%). Overall, the mean
clinical and radiographic follow-up time was 16.2 months (range,
three to seventy-nine months). The minimum two-year clinical
and radiographic follow-up subcohort of ninety-three patients
(ninety-four fractures) had a mean follow-up of 37.4 months
(range, twenty-four to seventy-nine months).

Radiographic Measurement Reliability Analysis

The reliability of the femoral neck-shaft angle and articulo-
trochanteric distance measurements were determined for
conventional and digital radiographs. All intraclass correlation
coefficients were in the excellent range with values of >0.75
(p <0.001). The mean 95% prediction limits were 1.5° to 1.9°
for the femoral neck-shaft angle and 0.3 to 0.5 mm for the
articulotrochanteric distance (Table I).

Radiographic Analysis

Radiographs of all 246 fractures included in the study were re-
viewed at a mean follow-up of 16.2 months and no osteonecrosis
was observed. Radiographs were analyzed for growth disturbance
in two separate groups with a minimum two-year follow-up. The
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Fig. 2-A Fig. 2-B

Fig. 2-C

Figs. 2-A, 2-B, and 2-C Radiographs showing asymptomatic coxa valga following rigid intramedullary nailing. Fig. 2-A Initial postoperative radiograph of a
type-l open fracture treated with rigid intramedullary nailing at the patient age of 10.4 years. The postoperative course was complicated by chronic
osteomyelitis and the necessity of multiple operative interventions. Fig. 2-B Radiograph after refracture at twenty-two months post-initial injury. Fig. 2-C The
latest radiograph at the patient age of 14.2 years with minimal limb-length discrepancy and a femoral neck-shaft angle of 150°.

first group consisted of sixty-nine patients (sixty-nine fractures)
treated from 1987 to 1999 with a mean follow-up duration of 37.3
months (range, twenty-four to sixty-four months). In this group,
radiographs of the injured femur at the time of the latest follow-
up were compared with those of the contralateral side. The mean
difference in the articulotrochanteric distance was 4.1 mm (range,
—20 to +24 mm). The mean limb-length discrepancy was 1.3 mm
(range, —25 to +26 mm). Eleven patients (15.9%) had a >5-mm
increase in the articulotrochanteric distance; none of the patients
were symptomatic. One of these patients, the youngest child in
the study overall, developed coxa valga with the femoral neck-
shaft angle increasing from 137° immediately postoperatively to
149° at 6.5 years postoperatively. She was asymptomatic, and no
further treatment was required.

The second group consisted of twenty-four patients
(twenty-five fractures) treated from 2000 to 2009 with a mean
follow-up of 37.5 months (range, twenty-four to seventy-nine
months). In this group, radiographs of the injured femur at
the time of the latest follow-up were compared with the injury
radiographs. At the time of the latest follow-up, the mean
difference in the articulotrochanteric distance was 0.2 mm
(range, —7 to +19 mm). A >5-mm increase in articulo-
trochanteric distance was noted in 12.5% (three of twenty-
four patients) at the twenty-four-month follow-up; none of
the patients were symptomatic. A limb-length discrepancy of

1 to 2 cm was noted in five patients (20.8%), and a limb-
length discrepancy of >2 cm was noted in one patient (4.2%).
One patient developed coxa valga after sustaining a Gustilo
and Anderson type-I open femoral shaft fracture and a con-
tralateral tibial spine fracture at the age of 10.4 years (Fig. 2).
He was treated with serial debridement, rigid intramedullary
nailing, and internal fixation of the tibial spine. A deep in-
fection was recognized at seven months post-injury and he
underwent nail removal, sequestrectomy, and prophylactic
external fixation. At twenty-one months post-injury, he sus-
tained a pathologic femoral shaft fracture and was treated

NAHS

Patient

Fig. 3
Distribution of the Nonarthritic Hip Score (NAHS).
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TABLE Il Complications After Fractures for Total Study Population and Cohort with a Minimum Two-Year Follow-up

Total Study Cohort with a Minimum
Complication Population* Two-Year Follow-upt

Heterotopic ossification (asymptomatic) 11 (4.5%) 4 (4.3%)

Delayed union requiring dynamization 3 (1.2%) 3(3.2%)

Malunion (>10°) 3 (1.2%) 3(3.2%)

Malrotation requiring reoperation 1 (0.4%) 1(1.1%)

Interlocking screw migration requiring removal 3 (1.2%) 3(3.2%)

Proximal femoral growth disturbance (coxa valga) 2 (0.8%) 2 (2.1%)

Deep infection 1 (0.4%) 1(1.1%)

Osteonecrosis 0 (0.0%) 0 (0.0%)

No. of thromboembolic events 0 (0.0%) 0 (0.0%)

Total no. of complications 24 (9.8%) 17 (18.1%)
*The values are given as the number of complications, with the percentage, based on 246 fractures, in parentheses. The mean duration of follow-
up for the total study population was sixteen months. 1 The values are given as the number of complications, with the percentage, based on ninety-
four fractures, in parentheses. The mean duration of follow-up for the cohort with a minimum of two-year follow-up was thirty-seven months.

with rigid intramedullary nailing. The refracture healed and,
at the time of the latest follow-up, 3.8 years after his initial
injury, he was asymptomatic, and the femoral neck-shaft
angle had increased to 150° from 140° immediately postop-
eratively. No further treatment was needed.

Outcomes

Of the 241 patients included in the study, four (1.7%) had
substantial pain recorded in the latest follow-up progress note.
Thirty-nine patients completed the Nonarthritic Hip Score and
phone questionnaire. The mean age at the time of survey was
20.4 years (range, 14.8 to 25.1 years) and the mean time from
injury to the interview was 6.9 years (range, 2.8 to 12.4 years).
There were no significant differences in the demographic
characteristics of the total study population as compared with
those of the phone survey cohort (Table II). The mean Non-

35

30 -

25

20

arthritic Hip Score was 92.4 points (range, 51 to 100 points),
and 74% of patients had a Nonarthritic Hip Score of =90
points. The distributions of the Nonarthritic Hip Score and the
pain responses are presented in Figures 3 and 4. In this cohort
of thirty-nine patients, twenty-six (67%) reported being active
in sports or running, thirty-eight (97%) were either employed
or in school, one (3%) had seen an outside orthopaedic surgeon,
and thirty-nine (100%) stated that they were satisfied with
their treatment. A lower Nonarthritic Hip Score or residual pain
was not correlated with complications, including heterotopic
ossification.

Complications

Twenty-four complications (9.8%) occurred in the treatment
of the 246 fractures: eleven complications were asymptomatic
Brooker class-I heterotopic ossifications™, three were delayed

Walking
W Using Stairs
At Night
| Sitting or Lying

® Standing

Extreme

Severe

Number
of
Patients 15
10
5
0
None Mild Moderate
Pain Level
Fig. 4

A bar graph showing the distribution of the pain responses within the Nonarthritic Hip Score.
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union requiring dynamization, three were malunion with >10°
of deformity, three were interlocking screw migration requiring
removal, two were asymptomatic coxa valga, one was a deep
infection requiring reoperation, and one was a malrotation
requiring reoperation. No thromboembolic complications or
implant-related fractures were noted. Osteonecrosis was not
clinically suspected within the study population (Table III) or
in those patients who did not meet the inclusion criteria. Ad-
ditional surgical procedures were performed in 50.4% of the
overall study population for the following indications: implant
removal, including symptomatic implants or removal recom-
mended by the surgeon (47%); deep infection (0.4%); delayed
union requiring nail dynamization (1.2%); malrotation (0.4%);
and interlocking screw migration (1.2%). An association of com-
plications with age, sex, fracture pattern, or injury mechanism was
not identified.

Discussion

igid intramedullary nailing is a safe and effective technique

for the treatment of femoral shaft fractures in skeletally
immature patients. The advantages include a high union rate,
early mobilization, and good outcomes'*. The risks of proximal
femoral growth disturbance and femoral head osteonecrosis
are low when a lateral trochanteric entry point is utilized** .
These advantages are further reinforced by our study with a
99% union rate, a 2.2% incidence of proximal femoral growth
disturbance, and no cases of femoral head osteonecrosis.

The existing publications on the use of trochanteric entry
rigid intramedullary nailing in skeletally immature patients
have all included relatively low numbers of patients. A recent
systematic review of the literature by MacNeil and colleagues
identified nineteen studies of trochanteric rigid intramedullary
nailing with a combined total of 219 patients”. Our study in-
cluded 241 patients managed with this technique over the
course of more than two decades.

A >5-mm increase of articulotrochanteric distance was
noted in 15.1% (fourteen of ninety-three patients) at a mini-
mum two-year follow-up; however, there were only two cases
of proximal femoral growth disturbance (2.2%), manifested as
asymptomatic coxa valga. In both of these cases, trochanteric
physeal arrest was not suspected radiographically. The coxa
valga may have resulted from growth stimulation of the
proximal femoral physis or growth retardation of the tro-
chanteric apophysis. In addition, secondary procedures such as
intramedullary nail removal may also contribute to the devel-
opment of a growth disturbance. Other studies have shown
cases of proximal femoral valgus deformity after intramedul-
lary nailing through the trochanteric apophysis®*. These
studies imply that the disruption of the growth plate contrib-
utes to the valgus deformity, and some recommend alternative
fixation that does not cross the trochanteric apophysis. How-
ever, Gage and Cary reported that trochanteric epiphyseodesis
in patients with osteonecrosis of the proximal femoral epiph-
ysis who were eight years of age or older has minimal effects on
trochanteric growth and suggested that, after this age, tro-
chanteric growth is mostly appositional®. Gordon et al. hy-
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pothesized that the valgus deformity may occur because of
disruption of the medial greater trochanteric physis where it
extends to the lateral side of the femoral neck™. They concluded
that placement of an intramedullary nail through the lateral
aspect of the greater trochanter avoids the medial physis and
will not produce clinically important valgus deformity in
children who are nine years of age or older.

The risk of proximal femoral osteonecrosis is well
documented in piriformis entry rigid intramedullary nailing'**"”,
whereas trochanteric entry rigid intramedullary nailing is
believed to be safer because it avoids the pericapsular vascu-
lature. However, skepticism remains with regard to the safety of
trochanteric rigid intramedullary nailing in skeletally imma-
ture patients. In a 1998 survey of Pediatric Orthopaedic Society
of North America (POSNA) members on their experience with
femoral fracture treatment, fourteen specific cases of osteo-
necrosis were noted, of which at least three were likely treated
with trochanteric entry rigid intramedullary nailing; the nail
entry site was not specified for the other cases™. Two case re-
ports of osteonecrosis after trochanteric rigid intramedullary
nailing have been published**. One case involved insertion of
arelatively large nail adjacent to the medial aspect of the greater
trochanter, and the other was a suspected case at almost the
twenty-year follow-up.

Although functional outcomes after rigid intramedullary
nailing have been reported in the adult population®*, data on
functional outcome in pediatric femoral shaft fractures treated
with rigid intramedullary nailing are limited. The patients in
this study returned to relatively good function after treatment.
The survey cohort demonstrated that 67% continued to par-
ticipate in sports or jogging and 97% were either employed or
in school. The relatively low rate of participation in athletic
activity at a mean follow-up of 6.9 years after injury may be
related to the transition to adulthood with a sedentary lifestyle.
The Nonarthritic Hip Score is a reliable and validated outcome
measure for young patients without hip arthritis®. The Non-
arthritic Hip Score was designed with the maximum score of
100 points to be considered as normal hip function. The mean
Nonarthritic Hip Score of the patients in the current study was
92.4 points, and 74% had a Nonarthritic Hip Score of =90
points, which correlates with excellent function and very low
disability. It was unclear why 26% of patients had lower scores;
this issue deserves further investigation. Outcomes have been
described with the Nonarthritic Hip Score in other conditions,
including Legg-Calvé-Perthes disease, in which the mean Non-
arthritic Hip Score was 79 points in a long-term study after
nonoperative treatment”.

In the medical records of the overall study population,
at the time of the latest follow-up, residual pain was docu-
mented in only 1.7% of patients, and no pain was docu-
mented in the remaining 98.3% of patients. However, the
survey data indicate a higher rate of residual pain in the ac-
tivities assessed by the Nonarthritic Hip Score (Fig. 4). This
finding suggests the need for longitudinal studies of this
population to determine factors associated with residual pain
and potential disability.
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The major limitation of this study was the retrospective
design over an extended time period. A large number of pa-
tients were excluded because of inadequate follow-up, com-
mon in a posttraumatic population. None of the patients who
were excluded because of inadequate follow-up are known to
have had complications. It is conceivable that longer follow-up
of those excluded patients could alter the conclusions of this
study. Another limitation was the use of two different radio-
graphic comparisons for proximal femoral growth disturbance
because of differences in clinical practice over the time period
of the study. The functional outcome data were also limited as
this cohort represents only 16% of the study population;
however, 72% of those patients who could be contacted agreed
to participate, and their demographic characteristics, including
age, injury mechanism, frequency of associated injuries, and
rate of complications were similar in comparison with those of
the overall study population.

In summary, trochanteric entry rigid intramedullary
nailing of femoral shaft fractures in skeletally immature patients
is an effective treatment with an acceptable rate of complica-
tions. The rate of union is high, and many patients return to
normal function after treatment. However, some patients have
long-term residual pain in the injured extremity, which may be
underestimated at the time of the latest follow-up. Despite this,
rigid intramedullary nailing is recommended as the standard
treatment for management of diaphyseal femoral fractures
in the adolescent population. B

RIGID INTRAMEDULLARY NAILING OF FEMORAL SHAFT
FRACTURES IN SKELETALLY IMMATURE PATIENTS

Norte: The authors would like to acknowledge the following individuals for their contributions to this
investigation: Thomas E. Day, Clint J. Devin, W. Blake Garside Jr., R. Chris Glattes, Anastasios D.
Kanellopoulos, and Michael J. Mendelow. The authors also appreciate statistical assistance from
Samuel K. Nwosu.

Samuel N. Crosby Jr., MD

Elliott J. Kim, MD

Gregory A. Mencio, MD

Neil E. Green, MD

Steven A. Lovejoy, MD

Jonathan G. Schoenecker, MD, PhD
Jeffrey E. Martus, MD, MS
Department of Orthopaedic Surgery,
Vanderbilt University Medical Center,
Monroe Carell Jr. Children’s Hospital,
4202 DOT, 2200 Children’s Way,
Nashville, TN 37232-9565.

E-mail address for J.E. Martus: jeff. martus@vanderbilt.edu

Daniel M. Koehler, MD

Department of Orthopaedics and Rehabilitation,
University of Iowa Hospitals and Clinics,

200 Hawkins Drive, 01008 JPP,

Towa City, IA 52242

Michael T. Rohmiller, MD

Beacon Orthopedics and Sports Medicine,
500 E-business Way,

Sharonville, OH 45241

References

1. Galpin RD, Willis RB, Sabano N. Intramedullary nailing of pediatric femoral frac-
tures. J Pediatr Orthop. 1994 Mar-Apr;14(2):184-9.

2. Gordon JE, Swenning TA, Burd TA, Szymanski DA, Schoenecker PL. Proximal
femoral radiographic changes after lateral transtrochanteric intramedullary nail
placement in children. J Bone Joint Surg Am. 2003 Jul;85(7):1295-301.

3. Herndon WA, Mahnken RF, Yngve DA, Sullivan JA. Management of femoral shaft
fractures in the adolescent. J Pediatr Orthop. 1989 Jan-Feb;9(1):29-32.

4. Kanellopoulos AD, Yiannakopoulos CK, Soucacos PN. Closed, locked intramed-
ullary nailing of pediatric femoral shaft fractures through the tip of the greater
trochanter. J Trauma. 2006 Jan;60(1):217-22, discussion 222-3.

5. Townsend DR, Hoffinger S. Intramedullary nailing of femoral shaft fractures in
children via the trochanter tip. Clin Orthop Relat Res. 2000 Jul;(376):113-8.

6. Momberger N, Stevens P, Smith J, Santora S, Scott S, Anderson J. Intramedullary
nailing of femoral fractures in adolescents. J Pediatr Orthop. 2000 Jul-Aug;20(4):
482-4.

7. Reeves RB, Ballard RI, Hughes JL. Internal fixation versus traction and casting of
adolescent femoral shaft fractures. J Pediatr Orthop. 1990 Sep-Oct;10(5):592-5.
8. Kirby RM, Winquist RA, Hansen ST Jr. Femoral shaft fractures in adolescents: a
comparison between traction plus cast treatment and closed intramedullary nailing.
J Pediatr Orthop. 1981;1(2):193-7.

9. Kempf |, Grosse A, Beck G. Closed locked intramedullary nailing. Its application to
comminuted fractures of the femur. J Bone Joint Surg Am. 1985 Jun;67(5):709-20.
10. Beaty JH. Femoral-shaft fractures in children and adolescents. J Am Acad Orthop
Surg. 1995 Jul;3(4):207-17.

11. Moroz LA, Launay F, Kocher MS, Newton PO, Frick SL, Sponseller PD, Flynn JM.
Titanium elastic nailing of fractures of the femur in children. Predictors of compli-
cations and poor outcome. J Bone Joint Surg Br. 2006 Oct;88(10):1361-6.

12. Barlas K, Beg H. Flexible intramedullary nailing versus external fixation of
paediatric femoral fractures. Acta Orthop Belg. 2006 Apr;72(2):159-63.

13. Sink EL, Hedequist D, Morgan SJ, Hresko T. Results and technique of unstable
pediatric femoral fractures treated with submuscular bridge plating. J Pediatr Orthop.
2006 Mar-Apr;26(2):177-81.

14. Park KC, Oh CW, Byun YS, Oh JK, Lee HJ, Park KH, Kyung HS, Park BC. Intra-
medullary nailing versus submuscular plating in adolescent femoral fracture. Injury.
2012 Jun;43(6):870-5. Epub 2011 Dec 6.

15. Beaty JH, Austin SM, Warner WC, Canale ST, Nichols L. Interlocking intramed-
ullary nailing of femoral-shaft fractures in adolescents: preliminary results and
complications. J Pediatr Orthop. 1994 Mar-Apr;14(2):178-83.

16. Letts M, Jarvis J, Lawton L, Davidson D. Complications of rigid intramed-
ullary rodding of femoral shaft fractures in children. J Trauma. 2002 Mar;52(3):
504-16.

17. Mileski RA, Garvin KL, Crosby LA. Avascular necrosis of the femoral head in an
adolescent following intramedullary nailing of the femur. A case report. J Bone Joint
Surg Am. 1994 Nov;76(11):1706-8.

18. Mileski RA, Garvin KL, Huurman WW. Avascular necrosis of the femoral head
after closed intramedullary shortening in an adolescent. J Pediatr Orthop. 1995 Jan-
Feb;15(1):24-6.

19. O’Malley DE, Mazur JM, Cummings RJ. Femoral head avascular necrosis as-
sociated with intramedullary nailing in an adolescent. J Pediatr Orthop. 1995 Jan-
Feb;15(1):21-3.

20. Astion DJ, Wilber JH, Scoles PV. Avascular necrosis of the capital femoral
epiphysis after intramedullary nailing for a fracture of the femoral shaft. A case
report. J Bone Joint Surg Am. 1995 Jul;77(7):1092-4.

21. Thometz JG, Lamdan R. Osteonecrosis of the femoral head after intramedullary
nailing of a fracture of the femoral shaft in an adolescent. A case report. J Bone Joint
Surg Am. 1995 Sep;77(9):1423-6.

22. MacNeil JA, Francis A, El-Hawary R. A systematic review of rigid, locked, intra-
medullary nail insertion sites and avascular necrosis of the femoral head in the
skeletally immature. J Pediatr Orthop. 2011 Jun;31(4):377-80.

23. Stans AA, Morrissy RT, Renwick SE. Femoral shaft fracture treatment

in patients age 6 to 16 years. J Pediatr Orthop. 1999 Mar-Apr;19(2):

222-8.

24. Skak SV, Overgaard S, Nielsen JD, Andersen A, Nielsen ST. Internal fixation of
femoral shaft fractures in children and adolescents: a ten- to twenty-one-year follow-
up of 52 fractures. J Pediatr Orthop B. 1996 Summer;5(3):195-9.

25. Gonzalez-Herranz P, Burgos-Flores J, Rapariz JM, Lopez-Mondejar JA, Ocete JG,
Amaya S. Intramedullary nailing of the femur in children. Effects on its proximal end.
J Bone Joint Surg Br. 1995 Mar;77(2):262-6.

26. Archdeacon M, Ford KR, Wyrick J, Paterno MV, Hampton S, Ludwig MB, Hewett
TE. A prospective functional outcome and motion analysis evaluation of the hip



1089

THE JOURNAL OF BONE & JOINT SURGERY - JBJS.ORG
VOLUME 96-A - NUMBER 13 - JULY 2, 2014

abductors after femur fracture and antegrade nailing. J Orthop Trauma. 2008
Jan;22(1):3-9.

27. Helmy N, Jando VT, Lu T, Chan H, O’Brien PJ. Muscle function and functional
outcome following standard antegrade reamed intramedullary nailing of isolated
femoral shaft fractures. J Orthop Trauma. 2008 Jan;22(1):10-5.

28. Peskun C, McKee M, Kreder H, Stephen D, McConnell A, Schemitsch EH.
Functional outcome of ipsilateral intertrochanteric and femoral shaft fractures.

J Orthop Trauma. 2008 Feb;22(2):102-6.

29. Sanders DW, MacLeod M, Charyk-Stewart T, Lydestad J, Domonkos A, Tieszer
C. Functional outcome and persistent disability after isolated fracture of the femur.
Can J Surg. 2008 Oct;51(5):366-70.

30. Christensen CP, Althausen PL, Mittleman MA, Lee JA, McCarthy JC. The nonarthritic
hip score: reliable and validated. Clin Orthop Relat Res. 2003 Jan;(406):75-83.

31. Gustilo RB, Anderson JT. Prevention of infection in the treatment of one thou-
sand and twenty-five open fractures of long bones: retrospective and prospective
analyses. J Bone Joint Surg Am. 1976 Jun;58(4):453-8.

32. Brooker AF, Bowerman JW, Robinson RA, Riley LH Jr. Ectopic ossification fol-
lowing total hip replacement. J Bone Joint Surg Am. 1973 Dec;55(8):1629-32.
33. Keeler KA, Dart B, Luhmann SJ, Schoenecker PL, Ortman MR, Dobbs MB,
Gordon JE. Antegrade intramedullary nailing of pediatric femoral fractures using an
interlocking pediatric femoral nail and a lateral trochanteric entry point. J Pediatr
Orthop. 2009 Jun;29(4):345-51.

RIGID INTRAMEDULLARY NAILING OF FEMORAL SHAFT
FRACTURES IN SKELETALLY IMMATURE PATIENTS

34. Gordon JE, Khanna N, Luhmann SJ, Dobbs MB, Ortman MR, Schoenecker PL.
Intramedullary nailing of femoral fractures in children through the lateral aspect of
the greater trochanter using a modified rigid humeral intramedullary nail: preliminary
results of a new technique in 15 children. J Orthop Trauma. 2004 Aug;18(7):416-22,
discussion 423-4.

35. Gordon JE, Swenning TA, Burd TA, Szymanski DA, Schoenecker PL. Proximal
femoral radiographic changes after lateral transtrochanteric intramedullary nail
placement in children. J Bone Joint Surg Am. 2003 Jul;85(7):1295-301.

36. Gage JR, Cary JM. The effects of trochanteric epiphyseodesis on growth of the
proximal end of the femur following necrosis of the capital femoral epiphysis. J Bone
Joint Surg Am. 1980 Jul;62(5):785-94.

37. Buford D Jr, Christensen K, Weatherall P. Intramedullary nailing of femoral
fractures in adolescents. Clin Orthop Relat Res. 1998 May;(350):85-9.

38. Sanders JO, Browne RH, Mooney JF, Raney EM, Horn BD, Anderson DJ,
Hennrikus WL, Robertson WW. Treatment of femoral fractures in children by pediatric
orthopedists: results of a 1998 survey. J Pediatr Orthop. 2001 Jul-Aug;21(4):
436-41.

39. Larson AN, Sucato DJ, Herring JA, Adolfsen SE, Kelly DM, Martus JE,
Lovejoy JF, Browne R, Delarocha A. A prospective multicenter study of Legg-
Calvé-Perthes disease: functional and radiographic outcomes of nonoperative
treatment at a mean follow-up of twenty years. J Bone Joint Surg Am. 2012 Apr
4;94(7):584-92.



