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Abstract
Introduction—Inadequate sample size and power in randomized trials can result in misleading
findings. This study demonstrates the effect of sample size in a large, clinical trial by evaluating
the results of the SPRINT (Study to Prospectively evaluate Reamed Intramedullary Nails in
Patients with Tibial fractures) trial as it progressed.

Methods—The SPRINT trial evaluated reamed versus unreamed nailing of the tibia in 1226
patients, as well as in open and closed fracture subgroups (N=400 and N=826, respectively). We
analyzed the re-operation rates and relative risk comparing treatment groups at 50, 100 and then
increments of 100 patients up to the final sample size. Results at various enrollments were
compared to the final SPRINT findings.

Results—In the final analysis, there was a statistically significant decreased risk of re-operation
with reamed nails for closed fractures (relative risk reduction 35%). Results for the first 35
patients enrolled suggested reamed nails increased the risk of reoperation in closed fractures by
165%. Only after 543 patients with closed fractures were enrolled did the results reflect the final
advantage for reamed nails in this subgroup. Similarly, the trend towards an increased risk of re-
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operation for open fractures (23%) was not seen until 62 patients with open fractures were
enrolled.

Conclusions—Our findings highlight the risk of conducting a trial with insufficient sample size
and power. Such studies are not only at risk of missing true effects, but also of giving misleading
results.

Level of Evidence—N/A

Introduction
Sample size is a key consideration in detecting differences in a study. Trials in emergency
medicine, cardiovascular research, nursing, internal medicine, general practice,
rehabilitation, and hand surgery, have all demonstrated the use of sample sizes too small to
ensure statistical significance for what may be clinically important results4. Orthopaedic
research has been no exception. Trials in orthopaedic surgery are typically single-centre
initiatives that are severely limited by small sample size and thus lack adequate power to
inform clinical decision making2. Lochner et al1 conducted a systematic review of 117
articles within orthopaedic trauma literature to examine the rates of beta errors in clinical
trials with negative outcomes. The majority of studies (95%) did not meet the accepted
standard for beta error rates (β ≤0.20, study power ≥80%) with regard to the primary
outcome1.

Failure to ensure adequate sample size in orthopaedic randomized trials results in
publication of findings from small, inadequately powered trials. These studies yield an
unacceptably high risk of false-negative results1. Further, these findings may be inconsistent
with those that would have been attained with a larger sample size and appropriate power.
The situation is further complicated when a calculated a priori power is in fact insufficient to
detect the actual observed effect. These matters are of particular concern within orthopaedic
surgery, in which trials are typically single-centre initiatives2. Thus, the findings of small
trials should be interpreted with caution. The purpose of this study is to demonstrate the
effect of sample size in a large, clinical trial by using the actual data from a recently
completed trial comparing reamed versus unreamed intramedullary nailing2,3.

Methods
This investigation was part of a multi-centre endeavor called the Study to Prospectively
Evaluate Reamed Intramedullary Nails in Patients with Tibial Fractures (SPRINT)2,3. The
standardized protocol at each clinical center was approved by the human subjects
committees. The SPRINT study was a randomized controlled trial that evaluated the effect
of reamed vs. unreamed nailing of the tibia on 1226 patients across 29 clinical centres in the
United States, Canada, and the Netherlands2,3.

The current analysis uses the relative risk of reamed versus unreamed intramedullary nailing
on the SPRINT primary outcome of re-operation. To demonstrate the effect of sample size,
we analyzed the data from this trial in increments starting at the first 50 patients, 100
patients and increments of 100 until the final sample size of 1226 patients (N=400 open
fracture patients and N=826 closed fracture patients). Increments of 100 were chosen for
ease of reporting. For each “enrollment” we calculated the relative risks between treatment
groups with 95% confidence intervals for the primary outcome of re-operation rates for all
fractures, as well as for the open fracture and closed fracture subgroups. All analyses were
two tailed. We also calculated power at each enrollment4. The power values were calculated
using an assumed control event risk of 13% for the total group5 and 10 and 20% for the
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closed and open subgroups, respectively. A relative risk reduction (RRR) of 35% was used
as per the parameters in the two-sided sample size calculation for the SPRINT study5.

Results
In the final analysis of 1226 patients, reamed intramedullary nails showed a trend towards
reduction in the risk of re-operation in patients with tibial shaft fractures (relative risk =
0.89, confidence interval 0.70–1.14). In contradistinction to this, a substantial trend towards
increased risk (85%) for reamed nails was seen after the first 50 patients had been enrolled
(rel. risk = 1.85, CI 0.64–5.35) (Figure 1). The true overall trend of a reduction in risk of re-
operation with reamed nails was not seen until enrollment reached 700 patients (Figure 1).
Additionally, the overall event rate was 34% higher than the final figure when only the first
50 patients enrolled were evaluated (24.0% versus 17.9%) (Figure 1). Even at the final
enrollment, the CI still included unity. Figure 1 also shows the power of the study for each
enrollment. As expected, the power progressively increases with sample size, slightly
exceeding its nominal value of 80% for all fractures combined when the final sample size is
reached. Note that the final number of 1226 patients was slightly larger than the planned
sample size of 1200. As stated above, the final results show an estimated relative risk of
0.89, equivalent to an 11% RRR which is smaller than the corresponding design parameter
of 35%. Therefore, the study was not powered to detect this smaller treatment effect, and
hence the corresponding confidence interval includes the null value of 1 indicating no
significant advantage of one treatment over the other.

In patients with closed tibial shaft fractures, reamed intramedullary nails led to a statistically
significant reduction in the risk of re-operation in the final SPRINT analysis (rel. risk = 0.65,
CI 0.46–0.93). Again, the results for the first 35 patients with closed fractures enrolled in the
trial revealed a trend towards a substantial increased risk for reamed nails (rel. risk = 2.65,
CI 0.59–11.86) (Figure 2). It was not until enrollment reached 543 patients with closed
fractures that the results reflected the final findings of an advantage for reamed nails (Figure
2). It was at this point that the confidence interval no longer included unity. The event rate
for closed fractures was 46% higher at 50 patients than in the final analysis (20% versus
13.7%) (Figure 2). Further, the width of the 95% confidence interval narrowed considerably
(0.59–11.86 to 0.46–0.93) from the initial enrollment interval to the final sample size. The
power for the subgroup of closed fractures is lower than for the whole sample, reflecting the
smaller number of patients in this subgroup at any given total sample size. On completion of
the study, the empirical effect size in the closed fractures was 35%, our planned RRR and
was statistically significant. Note also that the result achieved statistical significance (with
the upper confidence limit for the relative risk being less than 1) when 65.7% of the final
closed fracture sample size had been attained; this occurred because of statistical
fluctuations, with slightly higher values of the event risk and the RRR, compared to the final
values of these parameters.

Finally, within the open fracture subgroup, a trend towards an increased risk of re-operation
with reamed intramedullary nails was seen in the final analysis (rel. risk, 1.23, CI 0.88–
1.71). This trend favoring unreamed nails, was not seen until 62 patients with open fractures
were enrolled (Figure 3). The event rate was 28% higher after the first 50 patients than that
seen in the final analysis of 1226 patients (33.3% versus 26.0%) (Figure 3). The subgroup of
open fractures is approximately half the size of the closed fracture subgroup, but its event
risk is higher. These two effects have approximately cancelling effects on power; hence the
power is very similar in each of the two subgroups. Furthermore, the relative risk increase of
23% for reamed nails, equates to a 19% RRR for unreamed nails, which is again smaller in
magnitude than the design value of a 35% RRR.
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Discussion
Having a smaller sample size, as seen by evaluating the same trial with lesser enrollments as
they existed at the time, would have produced misleading results in the SPRINT trial. The
substantial increased risk for reamed nailing initially seen after 35 patients were enrolled in
the closed fracture subgroup demonstrates this. The final results showing a significant effect
with reamed nails was only reflected after enrollment continued to 65.7% of the final sample
size. The best explanation for this early inclination of benefit is the play of chance7. For
example, take a comparison of a new treatment with a standard treatment in which 6 out of
10 people improved with the new treatment and 4 out of 10 people improved with the
standard treatment. The rates of improvement (60% and 40%) are clearly subject to
substantial sampling variability, and the difference between them is far from being
statistically significant. It would therefore be wrong to conclude confidently that the new
treatment was better than the standard treatment because the results might simply reflect the
play of chance. Collins (2005) likens this to a target with the truth at the bull’s eye10. Large
trials will cause results to cluster closer to the “truth” while the results seen in smaller trials
will likely be more scattered; thus, the small trials may not reveal where the true center
lies10. It is necessary to know if valid conclusions can be drawn from the sample being
assessed6, thus, sample size and power need to be adequately addressed before the start of
any randomized controlled trial.

The overall results follow the same trend as the closed subgroup, but without statistical
significance. In this instance, it was found that the power was insufficient to detect the
smaller treatment effect. Here, we highlight another challenge associated with small studies
presenting large but non-significant results. Such studies are all too often disseminated as
important ‘trends’ with the implication that a larger sample size would have been able to
confirm the findings. In this case, the foresight of the actual results shows that the large
confidence intervals and lack of significance were not simply due to an inadequate sample
size.

Additionally, this highlights the need to report the confidence intervals in the study results.
As sample size increases, the standard error of the result decreases and therefore the
confidence interval for a given value will narrow6. Accordingly, inadequate sample size will
be highlighted by wide confidence intervals6. This will increase the possibility of type II
errors6, or concluding no difference between treatments when in fact, there is.

Further, upon observing an insufficient level power, some investigators might wish to
conduct post hoc analyses before discounting the statistically insignificant results11. While
this remains a controversial topic within the literature, we believe this would be
inappropriate and thus, have chosen not to include such an analysis. Once the study has been
completed, the result is either statistically significant or it is not; it is then meaningless to
consider the probability of this event, which has already been observed or not12,13. At best,
we believe the results of a completed study could be used to calculate the power of a future
study on the same topic. The observed values of relative risk reduction and event rates might
be used to update the design considerations, including power of a new study, but they should
not be used to retrospectively calculate the power of the existing study.

Randomized trials often have superior influence in practice changes, as they are considered
to provide the highest quality of evidence, based on their methodological strengths of
randomization and concealment8. Thus, underpowered studies can, in fact, lead to
conclusions that mistakenly favour inferior treatments1.

Lastly, the inability to conclusively resolve an important research question yields an ethical
failure towards participating patients if the chance of drawing valid conclusions is already
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diminished at the beginning of a study due to inadequately planned sample size6.
Underpowered trials waste valuable patient and investigator time and resources.

Of course the results of this study should be interpreted while considering the limitations.
Most notably, we only examined the data presented in the SPRINT trial so we cannot
comment on whether the findings are generalizable.

Conclusions
Our findings suggest that a smaller sample size for the SPRINT trial would have led to
misleading estimates of the relative risk of re-operation between reamed and unreamed nails
in the management of closed tibial shaft fractures. These data highlight the risk of
conducting a trial with an inadequate sample size and power. Further, this analysis
demonstrates that studies with small sample sizes not only run the risk of concluding that
there is no treatment benefit when in fact a one exists, but also for incorrect results.
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Figure 1.
shows the overall SPRINT results by sample size
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Figure 2.
shows the SPRINT results by sample size for closed fractures.
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Figure 3.
shows the SPRINT results by sample size for open fractures
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