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Abstract
Background: The purpose of this two-part investi-

gation was to test the feasibility, safety, and efficacy of
immediate weight-bearing after treatment of fractures
of the shaft of the femur with a statically locked in-
tramedullary nail.

Methods: In the first part of the investigation, a
biomechanical study was performed to determine the
fatigue strength of eleven different statically locked in-
tramedullary nail constructs. Segmentally comminuted
midisthmal fractures were simulated with use of sec-
tions of polyvinyl chloride pipe; each construct was
cyclically loaded in compression with use of physiologi-
cally relevant loads in a materials testing machine at
eight hertz. The fatigue tests were conducted accord-
ing to the so-called staircase method, and the construct
was considered to have run out (exceeded its antici-
pated service life) if it had not failed after 500,000 cycles.
In the second part of the study, a clinical investigation
of immediate weight-bearing after treatment of commi-
nuted fractures of the femoral shaft with a Russell-Taylor
(RT-2) construct was performed. Complete follow-up
data were available for twenty-eight of the thirty-five
patients (thirty-six fractures) entered into the study.

Results: In Part I of the study, two constructs, a
statically locked twelve-millimeter-diameter Russell-
Taylor femoral nail with two distal locking screws (RT-
2) and a statically locked twelve-millimeter-diameter
Zimmer femoral nail with two distal locking screws

(Z-2), had significantly higher mean fatigue strengths
(2171 and 2113 newtons, respectively) than all other
constructs tested (p < 0.001), but the strengths of these
two constructs were not significantly different from
each other. Constructs with only one distal locking
screw demonstrated significantly lower (p < 0.05) fa-
tigue strengths than the two-screw constructs. These
results suggest that full weight-bearing during the
weeks immediately after insertion of the nail may be
possible, even for patients who have a comminuted
fracture of the femoral shaft. In Part II of the study,
twenty-six of the twenty-eight patients were bearing
full weight on the fractured limb or limbs at the six-
week follow-up visit. All fractures united; only one of
these needed an additional procedure (the removal of
the screws five months after the insertion of the nail)
to stimulate union. No loss of fixation, such as back-out
or breakage of a locking screw or breakage or bending
of the intramedullary nail, occurred.

Conclusions: We concluded from this two-part in-
vestigation that immediate weight-bearing after stabili-
zation of a comminuted fracture of the femoral shaft
with a statically locked intramedullary nail is safe when
the construct has a relatively high fatigue strength. Im-
mediate weight-bearing after stabilization of a fracture
of the femoral shaft permits patients who have multiple
fractures of the extremity to walk and to participate in
physical therapy earlier, possibly decreasing the dura-
tion of the hospital stay or reducing the need for pro-
longed rehabilitation on an inpatient basis.

The efficacy of statically locked intramedullary nails
inserted after reaming for the treatment of fractures
of the femoral shaft has been well established2,21,22. In
comminuted fractures, the locking screws bear the trans-
mitted load until the fracture has consolidated. Sev-
eral authors have reported hardware failure, either
through the distal screw-holes in the nail or of the dis-
tal locking screws, when fracture union was delayed or
when full weight-bearing was initiated before callus
formation3,4,13,17,20. The standard protocol for postopera-
tive rehabilitation at our institution calls for protected
weight-bearing until evidence of early healing is noted
on radiographs. These restrictions on weight-bearing
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are particularly confining to patients who have bilat-
eral injuries and to those who have a fracture of the
contralateral extremity or of an upper extremity that
would preclude weight-bearing or walking with the use
of crutches. Such restrictions would necessitate bed-to-
chair transfers for a minimum of four to six weeks while
the patient waited for early consolidation of the frac-
ture, making self-care difficult and delaying rehabilita-
tion and discharge from the hospital.

Currently, the level of loading that leads to failure
of the hardware in a fractured femur is unknown. Im-
provements in the design of the nails, including the elim-
ination of welds and an increase in the amount of
material in cross section, may have greatly improved the
fatigue characteristics of these locking devices, distin-
guishing them from their predecessors. Failure of lock-
ing screws or nails used to stabilize fractures of the
femoral shaft has been rare in our experience. Our clin-
ical suspicion was that intramedullary nail systems of
modern design could safely withstand immediate phys-
iological loading without failure if the fracture united
in a timely manner. Therefore, this two-part study was
designed to determine the fatigue strength of eleven
different configurations of locking nails and to use the
data to form the basis of a prospective clinical study of
immediate weight-bearing after treatment of fractures
of the femoral shaft with a statically locked intramedul-
lary nail.

Part I: Biomechanical Testing

Materials and Methods
We simulated segmentally comminuted midisthmal

fractures using two sections of polyvinyl chloride pipe
that were sixty-four millimeters long and thirty-two mil-
limeters in diameter. Because different manufacturers
use locking screws of different diameters, there is no
standard size of drill for insertion of the screws. We
tested devices of different sizes from multiple manu-
facturers, inserting each locking screw according to the
technique suggested by the manufacturer. A segmental
gap (average, twenty-seven centimeters) between the
sections of the pipe was used to mimic a comminuted
fracture in the middle of the femoral shaft. Plastic,
washer-like spacers were inserted in the sections of the
pipe to keep the nail centered.

We stabilized the simulated fractures with eleven
different statically locked femoral nail constructs. These
constructs included (1) RT-1, a 12.0-millimeter-diameter
Russell-Taylor nail (Smith and Nephew Richards, Mem-
phis, Tennessee) with one oblique 6.4-millimeter proxi-
mal locking screw (core diameter, 4.8 millimeters) and
one 6.4-millimeter distal locking screw; (2) RT-2, a 12.0-
millimeter-diameter Russell-Taylor nail with one oblique
6.4-millimeter proximal locking screw and two 6.4-milli-
meter distal locking screws; (3) RT-10, a 10.0-millimeter-
diameter Russell-Taylor Delta nail with one oblique
5.0-millimeter proximal locking screw (core diameter,

4.0 millimeters) and two 5.0-millimeter distal locking
screws; (4) S-O, a 12.0-millimeter-diameter Synthes nail
(Paoli, Pennsylvania) with one oblique 4.9-millimeter
proximal locking screw (core diameter, 4.3 millimeters)
through a nail cap and two 4.9-millimeter distal lock-
ing screws; (5) S-T, a 12.0-millimeter-diameter Synthes
nail with one transverse 4.9-millimeter proximal lock-
ing screw and two 4.9-millimeter distal locking screws;
(6) S-10, a 10.0-millimeter-diameter Synthes nail with
one transverse 4.9-millimeter proximal locking screw
and two 4.9-millimeter distal locking screws; (7) Z-2, a
12.0-millimeter-diameter Zimmer nail (Warsaw, Indiana)
with one oblique 5.5-millimeter proximal locking screw
(core diameter, 5.0 millimeters) and two 5.5-millimeter
distal locking screws; (8) Z-1, a 12.0-millimeter-diameter
Zimmer nail with one oblique 5.5-millimeter proximal
locking screw and one 5.5-millimeter distal locking
screw; (9) Z-10, a 10.0-millimeter-diameter Zimmer nail
with one oblique 5.5-millimeter proximal locking screw
and two 4.2-millimeter distal locking screws (core di-
ameter, 3.7 millimeters); (10) H-12, a 12.0-millimeter-
diameter Alta nail (Howmedica, Rutherford, New Jersey)
with two 5.0-millimeter proximal locking screws (core
diameter, 4.3 millimeters) and two 5.0-millimeter distal
locking screws; and (11) H-10, a 10.0-millimeter-diameter
Alta nail with two 5.0-millimeter proximal locking
screws and two 5.0-millimeter distal locking screws. Fif-
teen nails were tested for each of the eleven different
configurations. All nails were forty centimeters long,
and all screws were fully threaded. No nail or screw
was used for more than one test.

Each construct was mounted in a specially designed
fixture (Fig. 1) on a materials testing machine (Instron,

Schematic of the setup for the experimental testing.

FIG. 1
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Canton, Massachusetts). The fixture accommodated the
curvature of the nails to permit only axial loading of
the construct. Each construct was cyclically loaded in
compression at eight hertz for 500,000 cycles. If a con-
struct experienced 500,000 cycles without failure, it was
said to have run out; that is, it had exceeded its antici-
pated service life. The fatigue-test protocol and data
analyses were conducted according to the so-called
staircase method with a step size of 222 newtons5. With
this method, all tests resulting in a run-out are followed
by a test of a new specimen at a higher load (increased
by one step size) and all failures are followed by a test
at a lower load (decreased by one step size); this process
effectively brackets the mean fatigue strength. There-
fore, approximately one-half of the tests resulted in fail-
ure of the hardware, whereas the other half ran out with
the construct still intact. In the current study, fatigue
strength refers to the mean load at which fatigue oc-
curred in the construct at 500,000 cycles. We considered
a construct to have failed if any of the locking screws
or nails fractured before the end of the test. The Student
t test was used to determine significant differences in
mean fatigue loads among the eleven nail configura-
tions. Significance was set at p < 0.05.

The 500,000-cycle run-out limit was based on un-
proved estimates of normal walking. Unpublished data18,

as well as our own pedometer readings, indicate that
each lower limb of an active adult who is physiologi-
cally normal is loaded approximately 5000 to 7000 times
per day. This approximates 50,000 cycles per week and
500,000 cycles over ten weeks, which is the time required
for callus to form and the fracture site to begin sharing
a substantial portion of the load16.

Results

All three Russell-Taylor constructs (RT-1, RT-2, and
RT-10) and two of the Zimmer constructs (Z-1 and Z-
10) failed as a result of fatigue fracture of the distal
locking screw or screws at the junction with the in-
tramedullary nail. All but one of the H-12 constructs
failed through one or both distal locking screws. In con-
trast, all failures of the Z-2 constructs occurred through
the proximal locking screw. Similarly, we noted a pre-
ponderance of failures through the proximal screw of
the three Synthes constructs and the H-10 construct.
All failures of the S-T constructs occurred through the
proximal screw. Of the eight failures of S-O constructs,
seven were through the proximal screw; five of the
seven also exhibited failure of the distal screw or screws.
We were unable to determine whether the failure oc-
curred first in the proximal screw or the distal screw
or screws. All failures of the S-10 constructs occurred

Fatigue load (mean and standard deviation) for each construct tested. Run-out was set at 500,000 cycles. RT-2 = a 12.0-millimeter-diameter
Russell-Taylor nail with one oblique 6.4-millimeter proximal locking screw and two 6.4-millimeter distal locking screws; Z-2 = a 12.0-millimeter-
diameter Zimmer nail with one oblique 5.5-millimeter proximal locking screw (core diameter, 5.0 millimeters) and two 5.5-millimeter distal
locking screws; H-12 = a 12.0-millimeter-diameter Alta nail with two 5.0-millimeter proximal locking screws (core diameter, 4.3 millimeters)
and two 5.0-millimeter distal locking screws; Z-1 = a 12.0-millimeter-diameter Zimmer nail with one oblique 5.5-millimeter proximal locking
screw and one 5.5-millimeter distal locking screw; S-O = a 12.0-millimeter-diameter Synthes nail with one oblique 4.9-millimeter proximal
locking screw (core diameter, 4.3 millimeters) through a nail cap and two 4.9-millimeter distal locking screws; H-10 = a 10.0-millimeter-
diameter Alta nail with two 5.0-millimeter proximal locking screws and two 5.0-millimeter distal locking screws; Z-10 = a 10.0-millimeter-
diameter Zimmer nail with one oblique 5.5-millimeter proximal locking screw and two 4.2-millimeter distal locking screws (core diameter,
3.7 millimeters); RT-1 = a 12.0-millimeter-diameter Russell-Taylor nail with one oblique 6.4-millimeter proximal locking screw (core
diameter, 4.8 millimeters) and one 6.4-millimeter distal locking screw; RT-10 = a 10.0-millimeter-diameter Russell-Taylor Delta nail with one
oblique 5.0-millimeter proximal locking screw (core diameter, 4.0 millimeters) and two 5.0-millimeter distal locking screws; S-T = a
12.0-millimeter-diameter Synthes nail with one transverse 4.9-millimeter proximal locking screw and two 4.9-millimeter distal locking
screws; and S-10 = a 10.0-millimeter-diameter Synthes nail with one transverse 4.9-millimeter proximal locking screw and two 4.9-millimeter
distal locking screws.

FIG. 2
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through the transverse proximal locking screw. During
testing, a distal screw on each of two Z-10 constructs
backed out. Data from these nails were discarded, and
two replacement specimens were tested.

The mean fatigue strengths (and standard deviation)
of the RT-2 and Z-2 constructs were 2171 ± 107 newtons
and 2113 ± 58 newtons, respectively (Fig. 2). None of
these constructs failed at loads of less than 2002 new-
tons. These two constructs demonstrated significantly
higher fatigue strength than all other constructs tested
(p < 0.001), but they were not significantly different
from each other. The mean fatigue strengths of the H-12
and Z-1 constructs were 1721 ± 44 newtons and 1699 ±
71 newtons, respectively, and were significantly greater
(p < 0.001) than that of the S-O construct (1446 ± 53
newtons) or that of the H-10 construct (1370 ± 53 new-
tons). The S-O and H-10 constructs were significantly
stronger (p < 0.05) than the Z-10, RT-1, RT-10, S-T, and
S-10 constructs. There was no significant difference (p >
0.20) in fatigue strength between the Z-10 constructs
(1254 ± 71 newtons) and the RT-1 constructs (1196 ± 116
newtons) or between the RT-1 constructs and the RT-10
constructs (1130 ± 49 newtons). The fatigue strengths
of the S-T and the S-10 constructs (1001 ± 53 newtons
and 970 ± 53 newtons, respectively) also did not differ
significantly (p > 0.3).

Part II: Clinical Investigation

Materials and Methods
After the results of the biomechanical testing were

analyzed, a clinical study of patients was begun at The R
Adams Cowley Shock Trauma Center, Baltimore, Mary-
land, in January 1996, with approval of the institutional
review board. The purpose of this investigation was to
evaluate the safety and efficacy of immediate weight-
bearing after treatment of a comminuted fracture of
the femoral shaft with a statically locked intramedul-
lary nail. The study consisted of a consecutive series of
fractures treated with a 12.0-millimeter-diameter Russell-
Taylor intramedullary nail that was inserted after ream-
ing and locked with two distal locking screws (the RT-2
construct). All patients with a fracture of the femoral
shaft were considered for the study. The inclusion cri-
teria included (1) a type-III or type-IV comminuted
fracture21; (2) a fracture with the proximal fragment cir-
cumferentially intact to a level distal to the lesser tro-
chanter; (3) a fracture that did not extend to within 12.5
centimeters of the knee joint, as measured on an an-
teroposterior radiograph of the femur; (4) an endosteal
canal that, in the estimation of the attending surgeon,
could accommodate reaming and the insertion of a 12.0-
millimeter-diameter intramedullary nail; (5) a patient
who was able to provide informed consent within one
week after the injury; and (6) a fracture of the femoral
shaft treated within twenty-four hours after the injury
at our institution. The exclusion criteria included (1) a
fracture that did not meet the inclusion criteria, such as

a fracture of the femoral shaft with ipsilateral injury of
the femoral neck, ipsilateral fractures of the femoral
shaft and the distal aspect of the femur, a fracture with
type-I or type-II comminution21, and a fracture in a fe-
mur in which the diameter of the endosteal canal was
not large enough for a 12.0-millimeter intramedullary
nail; (2) a head injury or another injury that precluded
walking with full weight-bearing on the injured limb
within one week after the injury; (3) an open fracture of
the femoral shaft (fractures secondary to low-velocity
gunshots were not excluded from the study group); (4)
a patient who, according to the judgment of the attend-
ing surgeon, should not be managed with reaming and
intramedullary nailing; (5) a fracture stabilized with a
second-generation nail; (6) a fracture stabilized before
transfer to our institution; (7) an interlocking nailing
performed for delayed union, malunion, or nonunion;
(8) a patient who was skeletally immature; and (9) a
patient who was seventy years of age or older.

All patients were permitted to bear weight immedi-
ately after the operation, and all began physical therapy
within a week after the injury. The patient progressively
increased weight-bearing as much as he or she could
tolerate throughout the first few postoperative weeks.
Demographic data, including the weight of the patient,
as well as data on initial injuries (including other ortho-
paedic injuries) were collected. Routine follow-up was
performed at two, six, ten, sixteen, and twenty-four
weeks after the operation. Weight-bearing at the time of
each follow-up visit was recorded.

At the time of each follow-up visit, the healing of
the fracture of the femoral shaft and the integrity of the
nail and screws were assessed with use of anteroposte-
rior and lateral radiographs. The presence or absence of
back-out or breakage of a nail or screw was recorded.
The final follow-up examination was considered to be
the one performed twenty-four weeks after fracture of
the femoral shaft. The need for any additional opera-
tions on the femur was also recorded.

Results

Since January 1996, thirty-five patients (thirty-six
fractures) met the criteria for the study. Twenty-eight
patients (twenty-nine fractures) had complete follow-
up (twenty-four weeks) through the time of union of the
fracture. Three patients never returned for follow-up,
and four had incomplete follow-up.

There were twenty-one male patients and seven
female patients. The average age of the patients was
thirty-three years (range, sixteen to sixty-six years); the
average weight of the patients was eighty-one kilograms
(range, fifty to 127 kilograms). There were sixteen type-
III and thirteen type-IV comminuted fractures21. Four
fractures were caused by gunshots, and the rest occurred
after blunt trauma. Eight of the patients had no other
orthopaedic injury or general injury necessitating an
operation. Of the other twenty patients, eight had an
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injury of the contralateral lower extremity or an injury
of the upper extremity that may have precluded walking
with or without crutches if it had not been possible to
bear weight on the limb with the fracture of the femoral
shaft (for example, a patient had a concomitant brachial
plexus palsy, fracture of the olecranon, and fracture of
the ulna; a patient had a comminuted fracture of the
ipsilateral humeral shaft; a patient had a bimalleolar
fracture of the contralateral ankle; and a patient had
bilateral fracture of the femoral shaft).

Of the twenty-eight patients who had complete
follow-up, two patients were recorded as not having
progressed to full weight-bearing at six weeks after the
injury. It was believed that this failure to bear full weight
was due to continued restricted motion of the knee
and discomfort. The fractures in both of these patients
healed, and satisfactory function of the knee was re-
gained by twelve weeks. Eight patients were walking
without any assistive device, and the rest were bearing
full weight with use of a cane or a single crutch.

All fractures united. No nails broke or became de-
formed, and no screw fractured or backed out. The
screws were removed (the fracture was converted to
a dynamic construct) from one patient to accelerate
fracture-healing five months after nailing, and the frac-
ture healed within three months after that procedure.
Three other patients, in whom the fracture healed un-
eventfully, had the screws removed because the screw
heads were causing irritation of the soft tissues.

Discussion

In this two-part study, we determined the fatigue
strength of eleven intramedullary nail constructs that
had been used to stabilize simulated fractures of the
midpart of the femoral shaft. Our results indicate that
the RT-2 and Z-2 constructs had significantly higher
fatigue strengths than the other constructs that were
tested; the RT-2 and Z-2 constructs were still intact after
500,000 cycles of loads equivalent to three times the
body weight of a seventy-kilogram patient23.

Forces acting across the hip joint are reported to
range from one to four times body weight during nor-
mal walking1,7. Because of muscle activity spanning the
hip, the joint forces are likely higher than the loads
on the diaphysis of the femur. There is little informa-
tion regarding the axial loads transmitted through the
femur. Michel et al.15 used a custom intramedullary
nail that was instrumented with strain gauges to mea-
sure the force transmitted through the nail in a patient
who had a comminuted diaphyseal fracture of the fe-
mur. Initially, the load on the intramedullary nail was
23 percent greater than the applied weight-bearing
load. However, this load-share decreased to half of the
weight-bearing load at the time of the removal of the
nail. Results from a recent three-dimensional model
of the femur suggest that the midpart of the femoral
shaft is subjected to a peak axial load of approximately

two times body weight during gait8.
Run-out was set at 500,000 cycles because that num-

ber of cycles represents the activity level of a patient
walking, on average, five miles (eight kilometers) each
day, seven days per week, commencing immediately
postoperatively and continuing for ten weeks, which is
the amount of time that we assumed was necessary for
substantial osseous consolidation. In comparison with
the clinical situation, these mechanical stresses repre-
sent an extreme demand on the interlocking construct
because no osseous consolidation was considered in our
model. Furthermore, patients rarely have this level of
activity immediately after a fracture of the femoral
shaft. Thus, the fatigue strengths determined in the pres-
ent study represent an estimated worst-case scenario
for a typical patient who would be walking during the
weeks after the operation. The results suggest that im-
mediate walking with full weight-bearing may be possi-
ble despite substantial osseous comminution and the
lack of additional support from fracture-healing.

The biomechanical portion of this study did not ad-
dress certain clinical issues. No torsional loads were ap-
plied to these constructs, which could have affected the
fatigue failure results. Also, the application of bending
moments was intentionally avoided. All specimens were
loaded in compression along the axis of the nail. In
vivo, the femur is loaded along the mechanical axis of
the lower extremity, creating a bending moment in the
diaphysis. Currently, the effect of this bending moment
on the fatigue strength of a locking nail and screws is
unknown. Furthermore, investigators have found that
breakage is not the only mode of failure of interlocking
screws or a locking nail. In the study by Hajek et al.11,
acute failure occurred at the interface between the bone
and the screw at loads six to seven times body weight.
These excessive loads to failure may help to explain
why loss of fixation after interlocking intramedullary
nailing is rarely seen in the clinical setting.

Although we initially considered using bone from
cadavera as the specimens for our biomechanical test,
we chose to avoid introducing another uncontrolled
variable into this investigation19. The use of polyvinyl
chloride pipe as a simulated femur permitted the testing
of the nail-and-screw construct alone, without the added
variable conditions of the interface between the bone
and the screw.

We found no study in the literature in which the
fatigue strength of locked intramedullary nails was de-
termined experimentally. Thus, we were unable to com-
pare the results of our study directly with those of other
studies. Previous biomechanical studies of intramedul-
lary nails have focused on torsional and bending stiff-
ness or on axial load to failure6,11,12,14 and documented
axial failure loads in ranges far greater than the loads
associated with normal gait. Bucholz et al.4 addressed
the fatigue issue in a clinical and finite element analysis
of nailing for the treatment of fractures of the distal
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aspect of the femur; they concluded that fatigue of the
nails could occur through distal locking holes, but fail-
ure of the screws was not documented or tested.

Recent clinical and biomechanical studies have
raised questions concerning the necessity of using both
distal screws to statically lock the nail for fractures of
the femoral shaft9-11. Measurement of torsional and axial
failure loads on the distal aspect of cadaveric femora
in which an intramedullary nail had been implanted
demonstrated that a single screw provides adequate fix-
ation11. In the biomechanical testing of this construct in
bone from cadavera, the most common mode of failure
was cut-out of the distal screws11. Clinically, when the
fracture was located in the middle-to-proximal region
of the shaft, no difference in the rate of failure of the
hardware or in the final result was noted between con-
structs with one distal locking screw and those with
two distal locking screws11. Part I of our study, however,
demonstrated that the use of two distal locking screws,
compared with one, significantly increased the fatigue
strength of a construct (p < 0.05).

We realize that the intramedullary nailing systems
that we tested are not similar, which makes comparison
difficult. The Russell-Taylor and Zimmer nails are made
of stainless steel, whereas the Synthes and Howmedica
systems are manufactured from titanium. No apparent
advantage with regard to fatigue strength was seen with
the titanium system. The lower fatigue strengths ob-
served with the Synthes system may be related more
to differences in design and size among the nails and
screws than to the metallurgy used in the manufacture.

The results of our clinical study strongly suggest
that early weight-bearing after stabilization of a com-
minuted femoral fracture with an RT-2 construct (a
12.0-millimeter-diameter Russell-Taylor nail and two
6.4-millimeter distal locking screws) or a Z-2 construct
(a 12.0-millimeter-diameter Zimmer nail and two 5.5-
millimeter distal locking screws) may be safe for a typ-
ical patient (for example, a seventy-five-kilogram man).
Early weight-bearing may also be safe after treatment
with other nail systems, depending on the body weight
of the patient, the level of postoperative walking, and
the design of the implants. As failure of the interface
between the bone and the screw may be related to the

degree of osteoporosis, if present, our biomechanical
model mimics fixation of a fracture in the relatively
young person. The results of this study may not apply
to fractures occurring in osteopenic bone.

We chose to include in the clinical portion of this
study only comminuted fractures of the femoral shaft
because stable fracture patterns with contact between
the proximal and distal fracture fragments can absorb a
substantial portion of the load placed on the limb, and
this can protect the locking system. Our biomechanical
model and our criteria for inclusion in the clinical study
created a worst-case scenario for the fatigue testing of
the locking nails and screws. It is certainly possible, how-
ever, to stabilize a type-I comminuted fracture in slight
distraction, recreating our laboratory and clinical model
for the study of a stable fracture pattern. It is our opin-
ion that the slight distraction at the fracture site after
nailing is a common clinical reality.

Early weight-bearing could substantially increase
the potential for walking for patients who have multi-
ple injuries of extremities. Patients who have fractures
involving more than one limb often must wait for early
consolidation of the fracture before they can begin
weight-bearing. This delay may slow rehabilitation,
prolong hospitalization, and increase the cost of care.
Although we made no attempt to measure those param-
eters, eight (29 percent) of the twenty-eight patients
in our investigation would not have been permitted to
walk postoperatively if they had not been allowed to
bear weight immediately on the limb with the fractured
femoral shaft.

However, we do not suggest continuance of full
weight-bearing on the affected limb if there is no evi-
dence of consolidation of the fracture or progression
toward consolidation by twenty-four weeks after the
injury. All systems have a finite fatigue strength, and
fracture-healing must take place to prevent eventual
failure of the nail or screws. While this study did not
address this matter, we believe that the surgeon should
consider some stimulatory procedure (for example, con-
verting the fracture to a dynamic construct, exchange
nailing with reaming, or bone-grafting) if progressive
fracture-healing is not demonstrated on serial radio-
graphs by that time.
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