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Background: Prediction of negative postoperative outcomes after long-bone fracture treatment may help to optimize
patient care. We recently completed the Study to Prospectively Evaluate Reamed Intramedullary Nails in Patients with
Tibial Fractures (SPRINT), a large, multicenter trial of reamed and unreamed intramedullary nailing of tibial shaft fractures
in 1226 patients. Using the SPRINT data, we conducted an investigation of baseline and surgical factors to determine any
associations with an increased risk of adverse events within one year of intramedullary nailing.

Methods: Using multivariable logistic regression analysis, we investigated fifteen baseline and surgical factors for any
associations with an increased risk of negative outcomes.

Results: There was an increased risk of negative events in patients with a high-energy mechanism of injury (odds ratio
[OR] = 1.57; 95% confidence interval [CI], 1.05 to 2.35), a stainless steel compared with a titanium nail (OR = 1.52; 95%
CI, 1.10 to 2.13), a fracture gap (OR = 2.40; 95% CI, 1.47 to 3.94), and full weight-bearing status after surgery (OR = 1.63;
95% CI, 1.00 to 2.64). There was no increased risk with the use of nonsteroidal anti-inflammatory agents, late or early time
to surgery, or smoking status. Open fractures had a higher risk of events among patients treated with reamed nailing (OR =
3.26; 95% CI, 2.01 to 5.28) but not in patients treated with unreamed nailing (OR = 1.50; 95% CI, 0.92 to 2.47). Patients
with open fractures who had wound management either without any additional procedures or with delayed primary closure
had a decreased risk of events compared with patients who required subsequent, more complex reconstruction (OR =
0.18 [95% CI, 0.09 to 0.35] and 0.29 [95% CI, 0.14 to 0.62], respectively).

Conclusions: We identified several baseline fracture and surgical characteristics that may increase the risk of adverse
events in patients with tibial shaft fractures. Surgeons should consider the predictors identified in our analysis to inform
patients treated for tibial shaft fractures.

Level of Evidence: Prognostic Level II. See Instructions for Authors for a complete description of levels of evidence.

S
everal widely accepted systems classify long-bone injuries
according to the nature and severity of damage to the
bone1-3 and surrounding soft tissue2,3. Intramedullary

nailing is the most common repair method for tibial shaft
fractures2-5. The choice between the use of reamed or unreamed
intramedullary nailing, however, has been controversial4-18.
Following tibial shaft fracture repair with use of nails, annual
reoperation rates have been reported to be between 12% and

44%5. This substantial problem is due to nonunion, malunion,
knee pain, osteomyelitis, infection, and/or broken implants2,3.

The question of which characteristics are most predic-
tive of risk of a negative outcome following tibial shaft frac-
ture repair remains unresolved19-26. Investigators have assessed
a number of potential prognostic factors, such as age, sex,
fracture morphology, injury mechanism, severity of soft-tissue
damage, surgical delay, diabetes, vasculopathy, alcohol use,
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smoking, corticosteroids, antibiotics, anticoagulants, anti-
convulsants, and anti-inflammatory medications27-47. How-
ever, prior investigations were limited methodologically by
small sample sizes, few participating health-care centers, lack of
adjustment for confounders, and/or nonstandardized periop-
erative patient-care regimens.

Accurate prediction of patients who are at an increased
risk for poor outcomes following tibial nailing may facilitate
optimal patient care. We recently completed the Study to Pro-
spectively Evaluate Reamed Intramedullary Nails in Patients
with Tibial Fractures (SPRINT), a large, multicenter trial of
reamed and unreamed intramedullary nailing in patients with
tibial shaft fractures48. This trial suggested a benefit for reamed
intramedullary nailing in patients with closed tibial shaft frac-
tures, largely because of fewer dynamizations, and a potential
advantage for unreamed intramedullary nailing in open tibial
fractures48,49. Using the SPRINT data, we conducted an investi-
gation of baseline and surgical factors previously documented
to determine which were associated with increased risk of neg-
ative events within one year of tibial intramedullary nailing.

Materials and Methods
Study Design

The standardized protocol for the SPRINT study was approved by the hu-
man subjects committees (REB #99-077—Research Ethics Boards/Insti-

tutional Review Boards) at each participating site. The study was registered at
www.ClinicalTrials.gov (identifier: NCT00038129). The methodological details
and the results of the primary SPRINT analysis of reamed compared with
unreamed nailing has been published previously

48,49
.

Briefly, the SPRINT study involved twenty-nine clinical centers in
Canada, the United States, and the Netherlands. We standardized the surgical
protocols for reamed and unreamed nailing, and all patients underwent the
same perioperative protocol. One thousand two hundred and twenty-six pa-
tients met the eligibility criteria and completed one year of follow-up (Fig. 1).

Inclusion criteria included skeletal maturity, an open or closed tibial
shaft fracture (Tscherne Type 0 to 3 and Gustilo-Anderson Type I to IIIB)

1-3,50-52
,

amenability of the fracture to surgical repair with an intramedullary nail, and
informed consent. Exclusion criteria included tibial shaft fractures not amenable
to reamed or unreamed nailing, pathologic fractures, patients likely to be lost before
completing adequate follow-up, patients who were not skeletally mature, and pa-
tients who had not provided consent. Patients were followed for one year after injury.

In the SPRINT trial, the primary outcome was a composite including
bone-grafting, implant exchange or removal, debridement of bone and soft
tissue because of deep infection, fracture dynamization (due to locking screw
removal), removal of locking screws because of screw breakage or loosening,
autodynamization (breaking of a locking screw that resulted in the fracture
collapsing), fasciotomy, failure of the construct (broken nail), and hematoma
drainage. This composite is the primary outcome for the current analysis as
well. The events included in our composite vary in severity, but are included in
the composite as they are all deemed detrimental to the patient.

Briefly, the SPRINT investigation found that there was a significant
interaction between the randomized intervention and open and closed frac-
tures (p = 0.01). In patients with closed fractures, we found a significant

Fig. 1

Flow diagram showing patient enrollment and follow-up throughout the SPRINT trial.
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decrease in risk for those who had reamed nailing compared with those
who had unreamed nailing. This effect was not seen in patients with open
fractures.

Selection of Prognostic Factors
On the basis of previous reports in the literature

47-49
and variables collected in

the SPRINTstudy, two investigators (M.B. and E.H.S.) independently identified
two different types of factors: (1) baseline factors measured before the intra-
medullary nailing (age, sex, race, mechanism of injury, smoking status, insulin-
dependent diabetes, unilateral or bilateral injury, open or closed fracture,
anticoagulation medication use, nonsteroidal anti-inflammatory drugs [NSAIDs]
use, isolated fracture, AO/OTA [Arbeitsgemeinschaft für Osteosynthesefragen/
Orthopaedic Trauma Association] classification, and location of fracture) and
(2) surgical factors (reamed or unreamed nailing, surgeon or resident per-
forming the surgery, nail material, number of locking screws used, patellar
tendon split or tendon retraction, superior or inferior surgical approach for nail
insertion, postoperative fracture gap, time from injury to surgery, fasciotomy at
the time of initial surgery, postoperative weight-bearing status, and type of
wound coverage in open fractures). With input from the Steering Committee,
we agreed that factors needed to have thirty occurrences to be included in
our model to ensure stability of the model. As a result, the following factors
were not included in the analysis: bilateral fractures (twenty-two patients) and
insulin-dependent diabetes (eleven patients).

For our adjusted model, we used multivariable logistic regression.
Having fewer than ten events for each factor (predictor variable) can result in
overfitted, unstable models

53
. We had 219 events in the SPRINT trial; therefore,

we reduced the candidate list of variables so that there were only twenty-one
factors in our analyses, as we describe below.

Steering Committee members independently rated their perceived
importance of each factor on a scale of one to ten, with ten being top priority
to include in the analysis and one being the lowest priority. We then chose
the fifteen highest ranked factors to include in our analysis, which were, in
descending order: (1) smoking status, (2) open fracture, (3) fracture gap, (4)
mechanism of injury, (5) reamed intramedullary nailing, (6) age, (7) location of
fracture, (8) isolated fracture, (9) type of wound coverage, (10) NSAID use, (11)
AO/OTA fracture classification, (12) number of locking screws, (13) postop-
erative weight-bearing status, (14) time from injury to surgery, and (15) nail
material. Because some of the variables had more than two categories (e.g.,
AO/OTA fracture classification), these fifteen factors accounted for twenty-one
factors in the model.

Definition of Orthopaedic Factors
We classified the mechanism of injury as either high energy or low energy.
High-energy injuries included motor vehicle accidents, pedestrian-motor ve-
hicle accidents, motorcycle accidents, snowmobile accidents, crush injuries,
and direct blunt trauma. Low-energy injuries included falls, twists, and direct
penetrating trauma. We classified smoking status as current smokers versus
previous smokers or nonsmokers. The fracture location data were recorded in
five categories: proximal, proximal-middle, middle, distal-middle, and distal.
For the current analysis, we classified fracture location as proximal and proximal-
middle versus middle versus distal and distal-middle.

Nail material was recorded and analyzed as either stainless steel or
titanium. We categorized the number of locking screws as two or more on both
the proximal and distal sides compared with less than two on at least one side.
The size of the fracture gap was assessed by the Central Adjudication Com-
mittee. The Committee reviewed the radiographs of each patient and deter-
mined whether there was no fracture gap, a fracture gap of <1 cm, or a fracture
gap of ‡1 cm. Fracture gap refers to the magnitude of circumferential bone loss
as judged by the adjudicator on review of the postoperative radiograph, or
noncircumferential bone loss as judged by the adjudicator in patients with
cortical continuity of up to 25% as judged by the surgeon at the time of the
operation and recorded on the study case report forms. The time to surgery
after injury was recorded as a continuous variable. For this analysis, we clas-
sified the time to surgery after injury into three categories: early (less than six

hours from injury to surgery), middle (six hours to twenty-four hours), and late
(a greater than twenty-four-hour surgical delay).

We classified postoperative weight-bearing as full weight-bearing post-
operatively compared with partial or non-weight-bearing. Type of wound cov-
erage was defined as primary closure, delayed primary closure, and additional
soft-tissue reconstruction for open fractures. Primary closure was performed at
the time of the intramedullary nailing. Patients in the delayed primary closure
group had an open wound with a repeat irrigation and debridement and no other
documented wound procedures, although they may have had negative-pressure
wound therapy. Patients in the additional soft-tissue reconstruction group had
documentation of a delayed wound closure procedure, including split-thickness
skin grafts, fasciocutaneous flaps, rotational muscle flaps, or free flaps.

Statistical Analysis
Our primary analysis was a multivariable logistic regression using the SPRINT
primary outcome as the dependent variable. All tests were two-tailed and p
values of <0.05 were considered significant. Because the primary analysis of the
SPRINT investigation found that reamed nailing reduced events in patients
with closed but not open fractures, we included in the current analysis open or
closed fractures, treatment status, and the interaction between the two in our
logistic regression model. This was the only interaction investigated. The main
multivariable model included fourteen characteristics. The fifteenth charac-
teristic, type of wound closure, could not be included because of confounding
with open versus closed fracture. Therefore, a second logistic regression was
performed to investigate the type of wound closure. This model included only
patients with open fractures and included the type of wound closure variable
and all other variables except open compared with closed fracture. The main
multivariable analysis was repeated with use of the following revised outcomes:
(1) our primary outcome but without including autodynamization in the
composite and (2) our primary outcome but without including dynamization
and autodynamization in the composite. All analyses were performed with use
of SAS software (version 9.1; SAS Institute, Cary, North Carolina).

Source of Funding
Research grants were received from the following: Canadian Institutes of
Health Research (MCT-38140); National Institutes of Health (NIAMS-072
and R01-AR48529); Orthopaedic Research and Education Foundation of
the American Academy of Orthopaedic Surgeons; Orthopaedic Trauma As-
sociation; Hamilton Health Sciences Research Grant; Zimmer; and, in part,
by a Canada Research Chair in Musculoskeletal Trauma at McMaster University.
The funding sources had no role in influencing the trial or the manuscript.

Results

Atotal of 1226 patients met the eligibility criteria and
completed one year of follow-up (Fig. 1). Patients were

relatively young (mean age [and standard deviation], 39.5 ±
16.0 years) and predominantly white (80.4%) (see Appendix).
Over half (52.8%) were in an accident involving a motor ve-
hicle or motorcycle, and the majority (98.2%) had an isolated
tibial fracture. A table in the Appendix shows the distribution
of the potential predictors. Most patients (67.4%) had closed
injuries. Six hundred and twenty-two patients were treated
with reamed intramedullary nailing, and 604 patients were
treated with unreamed intramedullary nailing. The majority of
the tibial fractures (88.8%) did not have a fracture gap, and
>90% of the patients were restricted to partial or non-weight-
bearing in the postoperative period.

There was an increased risk of an event for high-energy
injuries (adjusted odds ratio [OR] = 1.57; 95% confidence
interval [CI], 1.05 to 2.35), stainless steel nails (OR = 1.52; 95%
CI, 1.10 to 2.13), a fracture gap of <1 cm compared with no
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fracture gap (OR = 2.40; 95% CI, 1.47 to 3.94), and full
postoperative weight-bearing (OR = 1.63; 95% CI, 1.00 to
2.64) (Table I). The increase in risk associated with weight-
bearing and nail material was attributable to the autodynam-
ization component of the SPRINT composite outcome. The
autodynamization rate was 2.3% with titanium nails and 10.1%
with stainless steel nails, and it was 12.8% for full weight-
bearing and 3.9% for partial or non-weight-bearing. Nail di-
ameter, bone loss, or nail manufacturer had no effect on the
result of the comparison of stainless steel and titanium nails.
When autodynamization and both dynamization and auto-

dynamization were removed as components of the composite
outcome, stainless steel and full weight-bearing were no longer
significant predictors.

Open fractures increased risk only for patients who had
reamed nailing (OR = 3.26; 95% CI, 2.01 to 5.28). Patients with
open fractures who had primary closure (OR = 0.18; 95% CI,
0.09 to 0.35) or delayed primary closure (OR = 0.29; 95%
CI, 0.14 to 0.62) had decreased risk of an event compared
with patients requiring additional soft-tissue reconstruction.
Reamed compared with unreamed nailing had decreased risk
for closed fractures (OR = 0.60; 95% CI, 0.40 to 0.92). However,

TABLE I Results for Risk of Negative Events

Factor* Adjusted Odds Ratio (95% Confidence Interval) P Value†

Patient factors
Age (10-yr increment) 1.07 (0.97-1.18) 0.19
Mechanism of injury

High energy vs. low energy 1.57 (1.05-2.35) 0.03
Current smoker vs. nonsmoker 1.13 (0.82-1.57) 0.45
Nonsteroidal anti-inflammatory medication 0.97 (0.53-1.78) 0.93
Isolated fracture vs. additional injuries 0.79 (0.56-1.11) 0.18
AO/OTA fracture classification

B vs. A 1.14 (0.80-1.63) 0.47
C vs. A 0.76 (0.45-1.26) 0.28

Location of fracture
Proximal and proximal-middle vs. middle 0.91 (0.52-1.57) 0.72
Distal and distal-middle vs. middle 0.81 (0.56-1.16) 0.25
Open vs. closed

Reamed 3.26 (2.01-5.28) <0.001
Unreamed 1.50 (0.92-2.47) 0.11

Surgical factors
Reamed vs. unreamed nailing

Open 1.31 (0.82-2.09) 0.27
Closed 0.60 (0.40-0.92) 0.02

Nail material
Stainless steel vs. titanium 1.52 (1.10-2.13) 0.01

Number of locking screws
‡2 on both sides vs. <2 on at least 1 side 0.98 (0.71-1.35) 0.90

Fracture gap (adjudicated)
Gap of ‡1 cm vs. no gap 0.71 (0.28-1.83)† 0.48
Gap of <1 cm vs. no gap 2.40 (1.47-3.94) <0.001

Time from injury to surgery
Late vs. early 1.00 (0.58-1.72) 0.99
Middle vs. early 1.12 (0.73-1.73) 0.59

Postoperative weight-bearing status
Full vs. partial or non-weight-bearing 1.63 (1.00-2.64) 0.048

Type of coverage
Primary vs. additional soft-tissue reconstruction 0.18 (0.09-0.35) <0.001
Delayed primary vs. additional soft-tissue reconstruction 0.29 (0.14-0.62) 0.001

*All predictor variables were included in one model except for type of wound closure, which was included in a second model involving only patients
with open fractures. AO/OTA = Arbeitsgemeinschaft für Osteosynthesefragen/Orthopaedic Trauma Association. †The level of significance was set
at a p value of <0.05.
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this relationship was no longer significant when autodynamiza-
tion and both dynamization and autodynamization were re-
moved from the composite outcome. All other variables included
in the model were not significant predictors.

Discussion

Reoperation rates following tibial shaft fracture repair with
use of intramedullary nails have been reported to range

between 12% and 44%5. To address this problem, we used
multivariable analysis to identify prognostic factors for negative
events (components of the composite outcome) from the first
large-scale, multicenter, multinational, blinded, standardized,
and randomized controlled trial of tibial shaft fracture repair
with use of nails. An increased risk for a negative event was
found for high-energy trauma, stainless steel compared with
titanium nails, fracture gaps, postoperative full weight-bearing,
and open fractures for reamed nailing only. Open fractures
with wound management that included no additional proce-
dures or delayed primary closure had lower risk compared with
patients needing further more complex reconstruction. Other
variables proved nonpredictive.

Patients with open fractures had a higher risk of events if
they had reamed nailing but not if they had unreamed nailing.
These results are consistent with those reported in our previous
investigation48. There was an increased risk of poor outcomes
with stainless steel nails compared with titanium nails, which
may be surprising considering that stainless steel is a stronger
material than titanium. Given these surprising results, we
further reviewed the SPRINT data to investigate possible ex-
planations. Nail diameter, bone loss, or nail manufacturer had
no effect on the result of the comparison of stainless steel and
titanium nails. This result was primarily driven by autody-
namization, and when autodynamization was removed from
the composite end point, stainless steel was no longer a sig-
nificant predictor. Autodynamizations occurred more frequently
with stainless steel nails than with titanium nails.

There was an increased risk of an event for fracture gaps
of <1 cm but not for those with gaps of ‡1 cm or no fracture
gap. Our findings for fracture gaps of ‡1 cm were seen because
any reoperations to promote fracture-healing in patients with
fracture gaps of ‡1 cm were not considered study events as per
the SPRINT protocol49. The SPRINT Steering Committee be-
lieved that patients with large fracture gaps would have had an
increased risk of reoperation and these events would not be re-
lated to the type of intervention. In addition, there were few pa-
tients included in the SPRINT trial with fracture gaps of ‡1 cm.

Postoperative full weight-bearing was also a significant
predictor of events compared with partial weight-bearing and
non-weight-bearing after surgery. This finding contradicts the
belief of most surgeons that full weight-bearing following in-
tramedullary nailing is appropriate. This result was driven by
autodynamization. While full weight-bearing may stimulate
fracture union, our results indicate that it may have a role in
autodynamization of screws. On the basis of our findings,
weight-bearing should not necessarily be limited following
intramedullary nailing of the tibia; however, if all patients are

able to bear full weight following surgery, the rate of auto-
dynamizations will likely increase. Autodynamization may be
associated with patient-important outcomes such as retained
broken screws, temporary pain, and potential problems with
revision surgery. If autodynamization is a concern, consider-
ation should be given to some limitation of postoperative
weight-bearing. Unfortunately, the clinical relevance of a po-
tentially improved union rate compared with an increase in risk
of screw breakage is unknown. When autodynamization was
removed from the SPRINT investigation composite, weight-
bearing status was not a significant predictor.

Prior studies have also shown an increased risk for re-
operation because of soft-tissue injury (i.e., open fracture) and
injury mechanism (i.e., high-energy injuries, the majority of
which cause transverse fractures), which are further supported
by the current study. Similar to our investigation, two prog-
nostic studies found that patients with open compared with
closed fractures were at higher risk for reoperation34,54. Of
several studies that have evaluated fracture type as a risk
factor40-42, Sarmiento et al. found that segmental fractures in-
creased the risk of nonunion and reoperation41. Tytherleigh-
Strong et al. found an association of risk with fracture type
(segmental and comminuted proximal tibial shaft fractures)46.
However, segmental fractures and fractures with comminution
were not predictive of reoperation in the current analysis.
Bhandari et al.47 found an increased risk with open fracture,
fracture gap after fixation, and transverse fracture, which are
very similar to our findings.

Smoking was not associated with reoperation in the
present analysis, whereas other reports have suggested an as-
sociation38,43. Given the strong biological rationale that smoking
is detrimental to fracture-healing, we had hypothesized that
smoking would be predictive of reoperation, as 33% of the
patients in our sample were current smokers. As previous
research suggests, fracture-healing time may be delayed in
smokers; however, the detrimental effect of smoking may
not be strong enough to affect the reoperation rate. In addition,
surgeons may treat patients who smoke differently from patients
who do not smoke, which would also help to explain why
smoking was not predictive of reoperation in the current analysis.

While prior clinical and experimental studies have as-
sessed numerous factors for reoperation risk, these efforts have
been limited by small patient sample sizes, few participating
clinics, lack of concealment, lack of adjustment for multiple
variables, and/or nonstandardized patient-care regimens27-47,54.
Therefore, comparison of their results with this investigation
showed no clear consensus. Consequently, for proper interstudy
comparison and clinical applicability, future investigations should
be broader in scope and standardized, as in the present study.
Such research should be encouraged since this remains an im-
portant, yet elusive, issue in orthopaedic trauma19-26.

The strengths of this investigation include, first, the largest
sample size of patients with tibial shaft fracture (1226) and
fractures (1248). Second, a substantial number of trauma clinics
(twenty-nine) from three nations participated, thereby increas-
ing the generalizability of the findings. Third, perioperative care
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was standardized with use of a uniform protocol for clinical
management. Fourth, all events were centrally adjudicated. Fifth,
patient follow-up was sufficiently long (one year) to ensure
adequate management and recovery. Last, multivariable analysis
minimized the effects of confounding.

The limitations of the current analysis are typical of initial
attempts to develop a predictive model55,56. First, regression
models capitalize on the play of chance; thus, a model’s appli-
cation to new data often fails to confirm initial results. Second,
results may be anomalous to the patients studied, exacerbating
problems of replicability. Third, not all potential predictor var-
iables, including alcohol consumption, corticosteroid use, anti-
biotic use, and obesity, were collected as part of the SPRINT
investigation. Therefore, the results of the current analysis are
limited to the variables that were collected as part of the SPRINT
trial. In addition, the study population was relatively young, and
the results may not be generalizable to older patients with os-
teoporosis or osteopenia.

To our knowledge, this is the first large-scale, multicen-
ter, multinational, standardized, and randomized controlled
trial with use of multivariate analysis to have investigated this
important issue. There are significant, potentially modifiable
factors that have an impact on patient-important outcomes.
Autodynamization may be reduced, in some instances, by not
choosing stainless steel nails and avoiding full weight-bearing
after surgery. Severity of injury plays the most important role in
outcome following intramedullary nailing of the tibia. High-
energy injuries, the need for soft-tissue reconstruction, and a
fracture gap were predictive of a higher risk of a poor outcome.
In conclusion, the predictors identified in our analysis may be
used to help to inform patients with tibial shaft fractures on
their risk of a possible negative outcome.

Appendix
A table showing the patient characteristics and the inci-
dence of potential predictors is available with the online

version of this article as a data supplement at jbjs.org. n
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