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Objective: To compare the rate of Acute Respiratory Distress

Syndrome (ARDS) in multiply injured patients with femoral

shaft fractures, treated with intramedullary femoral nails

inserted with or without reaming.

Design: Prospective, randomized, multicenter, clinical trial.

Setting: Seven Level 1 trauma centers.

Patients: Three hundred fifteen patients with 322 femoral shaft

fractures were stratified into 2 groups according to their

estimated injury severity scores (ISSZ18 vs. ISS<18) and then

randomized to receive an IM nail with either reamed or

unreamed insertion for primary stabilization of their femoral

shaft fracture. One hundred forty seven patients with 151

fractures received an unreamed nail whereas 168 patients with

171 fractures, received a reamed nail. All fractures were nailed

within 24 hours after their trauma.

Intervention: Closed intramedullary nailing for femoral shaft

fractures.

Main Outcome Measurements: Determination of the rate of

ARDS in patients undergoing intramedullary nailing of femoral

shaft fractures.

Results: Three of the 63 multiply injured patients who received a

reamed nail developed ARDS as compared with 2 out of 46

patients in the unreamed group. This difference was not

statistically significant (P=0.42). (The power for this difference

is only 5%. 39,817 patients are needed in each group to

detect a difference that small.) This difference was not

statistically significant. There were a total of 4 deaths, 2 each

in both the reamed and unreamed group. No death resulted

from ARDS.

Conclusions: The overall incidence of ARDS was found to be

low with primary stabilization of femoral shaft fractures with

intramedullary nailing. There was no difference in the incidence

of ARDS between the reamed and unreamed groups, given the

sample size.
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C losed locked intramedullary nailing is now the
procedure of choice for the treatment of femoral

shaft fractures. This procedure has been shown to result
in high union rates and very good functional outcomes.1

Several prospective and retrospective studies have
shown that early stabilization of femoral shaft fractures
within 24 hours of injury in patients with multisystem
trauma results in better outcomes with both lower
mortality rates and reduced incidence of pulmonary
dysfunction and acute respiratory distress syndrome
(ARDS).2–6

In 1993, Pape et al7 challenged the wisdom of early
femoral shaft stabilization in patients with significant
pulmonary injury. In their retrospective study, a higher
mortality and pulmonary morbidity was found in patients
with significant chest trauma who received intramedullary
fracture stabilization within 24 hours. A second publica-
tion by the same group8 reported an investigation ofCopyright r 2006 by Lippincott Williams & Wilkins
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reamed and unreamed insertion of intramedullary nails in
multiple trauma patients. On the basis of their examina-
tion of lung function and pulmonary hemodynamics, the
authors concluded that nails inserted without canal
reaming offered a potentially better solution to reduce
the risk of ARDS.

A number of subsequent publications have exam-
ined the timing and technique of fracture stabilization
in polytrauma patients.7–18 Bosse et al10 reported a
retrospective review of patients from 2 trauma centers
who had femoral shaft fractures and AIS grades of chest
injury similar to those in Pape’s series. All fractures were
stabilized within � 24 hours. Their rate of ARDS and the
mortality rate were lower than the rate reported by Pape.

Pape’s report was a retrospective, nonrandomized
study. His conclusions seemed to be different from that of
North American surgeons. Therefore, the Canadian
Orthopedic Trauma Society undertook a prospective
randomized, multicenter trial to evaluate the risk of ARDS
and mortality in multiply injured patients with a fractured
femoral shaft treated with intramedullary nailing.

METHODS
The study was a prospective randomized multi-

center trial involving 7 level 1 trauma centers. Approval
at each of the centers was received from the Research,
Development and Ethics Committees.

Inclusion criteria for the study required a femoral
shaft fracture, defined proximally from 1 cm distal to the
lesser trochanter and distally no further than 6 cm from
the distal physeal scar. The time from injury to the
initiation of the nailing was by design, less than 24 hours.
The minimum canal diameter measurement required was
9.0mm or greater using a preoperative template. All
fractures were in patients that were skeletally mature.
Exclusion criteria included a medical contraindication to
surgery; history of myocardial ischemia; previous injury
in the form of either a dislocation or severe fracture of the
ipsilateral extremity with residual impairment of function;
grade IIIB open fractures greater than 8 hours from the
time of the injury; grade IIIC open fractures; and inability
to obtain outpatient follow-up.

After obtaining informed consent, the eligible
patients were stratified according to the estimated injury
severity score (ISS). A determination was made as to
whether the patient had a single system injury with an ISS
less than 18 or an ISS greater than or equal to 18. The
patients were then assigned to either a reamed or
unreamed canal preparation group by drawing from
sequentially marked, sealed envelopes. Patients with
bilateral fractures were randomized once and the same
technique was used for both femurs.

Reamed nailing was defined as insertion of the
largest possible intramedullary nail after canal prepara-
tion by progressive reaming of the medullary canal until
cortical chatter. Unreamed nailing was defined as
insertion of a best-fit intramedullary nail, without any
preparation of the medullary canal.

No distal femoral vent was used for either arm of
the study. In the unreamed group, a Synthes (Davos,
Switzerland) solid titanium nail was inserted without a
guide rod. In the reamed group, a number of implants
were used including Russell-Taylor femoral nail (Smith
and Nephew Richards, Memphis, TN), Synthes universal
femoral nail (Synthes USA, Paoli, PA), Grosse-Kempf
nail (Howmedica, NJ) and ZMS (Zimmer, Warsaw, IN).
All implants were FDA approved.

For data collection, standard demographic data was
collected and details both about the injury to the limb,
additional musculoskeletal or injuries, and other system
injuries. Arterial blood gases were taken from both
ventilated and nonventilated patients to determine the
PaO2. If the patient was not on a ventilator or a Venturi
type mask, the patient remained off oxygen for 20 minutes
before drawing blood for oxygenation assessment to
ensure sufficient time for the PaO2 to equilibrate.
A baseline blood gas was obtained preoperatively and
repeated 1 hour postoperatively and on postoperative
days 1, 2, and 3. Particular attention was paid to the
pulmonary complications.

Definitions
1. ARDS was defined as per the criteria outlined by the

1994 American-European consensus conference on
ARDS17 and consisted of (a) acute onset, (b) bilateral
chest infiltrate, (c) pulmonary artery occlusion pressure
of 18mm of Hg or less and no evidence of left atrial
hypertension, (d) impaired oxygenation regardless of
the level of positive end-expiratory pressure, and (e) a
PaO2/FIO2 ratio of less than 200.

2. Pneumonia was defined by the formula as either A+B,
B+C+D+E or B+F and 2 of C, D or E, where, (A)
is positive blood or pleural cultures for the same
microorganisms recovered in the tracheal aspirate, (B)
new or progressive pulmonary infiltrate, (C) fever with
temperature >381C (D) leucocytosis >10,000/mm3,
(E) sputum gram stain with >than 10 polymorpho-
nuclear cells per high power field, (F) no other source
of infection but the lungs.

Statistical Methods
As the clinical data available at the time had shown

a very low rate of pulmonary complications after
intramedullary nailing of femoral shaft fractures3, an
impractically large sample size of 5000 patients in each
group was deemed necessary to detect significant differ-
ence in the rate of pulmonary complications between the
2 groups.

Bone et al3 has demonstrated that 21.6% of patients
who underwent a reamed nailing showed a decreased
PaO2 within 2 hours of the procedure as determined by
blood gases. He considered this desaturation as an
indicator of compromised pulmonary function.

With the assumption that 22% of patients who would
receive a reamed nail would demonstrate desaturation,
with a=0.05 and a power of 80%, 199 patients were
required in each treatment arm. A drop out or loss to
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follow-up rate of 10% was anticipated and hence a
sample size of 220 patients would be needed in each group
to detect significant difference.

w2 and Man-Whitney U tests were used to compare
categorical outcomes by treatment and Student t test was
used for continuous outcomes. As a secondary analysis
bivariate testing was used to evaluate smoking, chest
AIS, ISS and preoperative O2 ratio, and age as factors
that might be associated with development of ARDS.
Logistic regression was used to model ARDS as a
function of these variables including all 2-way and
3-way interactions.

Materials
Three hundred fifteen patients with 322 femoral

shaft fractures were enrolled in the study between April 1,
1995 to February 28, 1999 across the 7 participating
centers. There were 7 patients with bilateral fractures.
One hundred forty seven patients with 151 fractures
received unreamed nails. Forty-six had ISS Z18 and 101
had an ISS <18. One hundred sixty eight patients with
171 fractures received a reamed nail. Sixty-three had an
ISS Z18 and 105 had an ISS <18. The 2 groups were
found well-matched in their average age, sex, and injury
severity scores (Table 1).

RESULTS
The rate of ARDS (5/315) and deaths (4/315) were

low in this series of 315 patients. Three patients in the
reamed group developed ARDS as compared with 2 in
the unreamed group (P=0.42). There were 2 deaths each
in the reamed and unreamed group. No patient with
ARDS died. Four out of the 5 patients who developed
ARDS and all 4 patients who died had an ISS >18. Of
the 4 patients who developed ARDS in the group with
ISS>18, 3 received a reamed nailing and 1 received an
unreamed nailing. There was only 1 case of ARDS and
no deaths in the group with ISS<18. The patient
who developed ARDS in the ISS<18 group received an
unreamed nail. None of the patients who received a
reamed nail in this group developed ARDS.

None of the 7 patients with bilateral fractures
developed ARDS or died.

Bivariate testing was carried out for chest AIS
(P=0.13), PaO2/FI02 ratio (P=0.82), and ISS
(P=0.27). None of these were found to be predictive
of the development of ARDS.

DISCUSSION
The timing of femoral fracture stabilization in

multiply injured patients is still controversial. Investigators

have examined the relationship of ARDS in femoral
fractures stabilization and concluded that the injury to
the chest cavity is the primary predictor of the develop-
ment of ARDS and not the timing of femoral fracture
stabilization.9,20 Pape’s article indeed showed that the
chest injury was the most significant predictor of the
development of ARDS.

Bosse and coauthors10 performed a retrospective
review of the experience in 2 trauma centers with
established trauma registries. Both centers treated a large
number of patients with chest injury and associated femur
fractures over the study period. Both centers had similar
and notably lower rates of ARDS when compared with
Pape’s series. There was one major difference between the
2 centers. The trauma center in Baltimore performed
reamed intramedullary nailing, whereas the center in
Pittsburgh performed primary stabilization by plating.
Interestingly, there was no difference in the rate of ARDS
between the 2 groups. A comparison of Pape’s group
results with Bosse’s group and our own series (Table 2)
shows the number of cases, who developed ARDS. Note
the groups were comparable in that all had patients with
chest injuries had an AISZ2 and all had femoral shaft
fractures, which were stabilized within 24 hours.

The rate of ARDS is clearly much lower in the
reported North American series. Pape’s series, however,
reports the results of a series of patients treated in the mid
1980s, which may explain the higher rate of ARDS and
the higher mortality. A treatment bias may exist in Pape’s
series as no rationale for assigning treatment to the early
and late groups was given. Patients who were too ill to
undergo early intramedullary nailing or plating were not
reported in Bosse’s paper. His results, therefore represent
only the ‘‘best cases,’’ that is, those patients who were
physiologically able to withstand early surgery and may
represent a selection bias. Pape’s series of consecutive
patients reports the results of all patients and, therefore,
does not have a selection bias.

The rate of ARDS, our primary outcome measure,
was low in both the unreamed and reamed categories. The
overall incidence of ARDS was only 3.7% in the multiply
injured patients. There were no mortalities in our series in
patients with multiple injuries from ARDS. The small
number of patients that developed ARDS limits our
ability to draw any conclusions from this. Within these
limitations, we were unable to find significant difference in
the rate of ARDS between reamed and the unreamed
group. Certainly treatment of ARDS over the years has
changed, and a reduction in the mortality rate has been
noted.21

TABLE 1. Demographics Our Study

Groups Reamed Unreamed

Age 31.9 31.0
ISS 17 16
Male to female ratio 2.3:1 3.82:1

TABLE 2. Comparison of Pape’s, Bosse’s, and Our Study

Series Number ISS ARDS Deaths

Pape’93 24 33 8 5
Bosse’97 nail 117 30 3 3
Bosse’97 plate 104 28 1 2
COTS’00 reamed 28 27 3 1
COTS’00 unreamed 23 30 1 1
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Our series was prospective and randomized but not
a consecutive series. The rate of enrollment at each center
was different. No record was made of the number of
patients who were potential candidates for the study and
were excluded and, therefore, we cannot determine
whether those who declined enrollment had a patient
profile and injury pattern similar to those who enrolled.
Enrollment for the study was limited to those cases where
consent was obtained from patient or by proxy. We note
that a comparison of our unreamed nail series against the
historical control in Pape’s series would in fact have led to
statistically significant difference in the rate of ARDS.
This points out the difficulty with historical as opposed to
concurrent controls.

Although our report does not indicate a reduced
rate of ARDS using unreamed nailing, there may be
enough difference in the biology at the molecular level
between reamed and unreamed nailing to justify
unreamed nailing if one elects to perform primary
intramedullary nailing. Work by Giannoudis et al22

investigated the activity at the molecular level in patients
with femoral shaft fractures treated by intramedullary
nailing. The authors were able to demonstrate a measur-
able second hit manifested by an increase in serum IL6
and elastase levels which are known pro-inflammatory
markers. These changes are of concern and may indicate
that the risk of ARDS could be increased by nailing.
Further work will need to be performed to explore this
pathway.

In conclusion, the rate of ARDS and mortality in
patients requiring intramedullary nailing is low even in
the presence of multiple injury and chest injury. We noted
no obvious detectable difference in the rate of ARDS
whether intramedullary nails were inserted with or
without reaming. As a result, the Canadian Orthopedic
Trauma Society believes there is no clinical data to
support a change in the current practice of primary
stabilization of femoral fractures with reamed intrame-
dullary nails, although subsequent investigations at a
molecular level may lead to a different understanding of
this process.
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