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ncreasingly, surgical research articles are citing confidence intervals (CIs)
when reporting treatment effects. It is important to understand the theory
behind CIs so that present and future surgical literature can be correctly
interpreted and clinically useful information gained to help guide treatment
decisions. The move toward including CIs is predominantly owing to them
providing more information for the clinician regarding research results. In general, with p values, research results can be deemed statistically significant or not,
whereas treatment effect and its corresponding CIs can give information
regarding the magnitude of the difference between 2 treatments and the interval of values within which the true value is likely to be found.1 This provides
information as to whether results are clinically important.2 To illustrate how
CIs work, how to interpret them and how to critically appraise the validity of
evidence using CIs of a treatment effect, a surgical problem and the critical
appraisal of research findings are presented in this article.

I

ClInICal sCenarIo
You are a staff plastic surgeon and you receive a call from your resident with a
referral involving a 6-year-old girl with a facial laceration. The laceration
requires suturing, and the resident asks which suture to use. You tell her to
use a 5–0 Nylon. She asks if an absorbable suture would work, since that
would avoid suture removal, to which you answer that the long-term cosmesis is better with nonabsorbable sutures. Once off the telephone, you wonder
if there are any recent studies to support this recommendation.

lIterature searCh
To answer your question, you conduct a thorough literature search using
PubMed. The key search terms used are “pediatric lacerations” and
“absorbable” or “non-absorbable” and “sutures.” This search yielded 549 articles. The search is further limited by adding “randomized controlled trials,”
“humans,” “English,” “last 10 years” and “all child 0-18 years” as limits in
PubMed. This search yielded 3 articles.3–5 One article focusing on athletes is
not applicable. The other 2 randomized controlled trials (RCTs) examine
pediatric lacerations closed with absorbable and nonabsorbable sutures. The
RCT by Karounis and colleagues3 appears to be the most relevant for our purpose of interpreting the use of CIs. For more detailed information on how to
develop a clinical question and conduct a successful literature search, refer to
the “Users’ guide to the surgical literature” article by Birch and colleagues.6

summary of artICle
The article by Karounis and colleagues3 is an RCT in pediatric patients treated
for minor lacerations in a single emergency department by fellowship-trained
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or in-training emergency physicians. Healthy patients with
simple lacerations not involving the scalp and requiring
suture closure (length > 5 cm and depth > 0.5 cm) were randomly assigned to the group receiving absorbable catgut
sutures (50 children) or the group receiving nonabsorbable
nylon sutures (45 children); both types of sutures were
made by Ethicon Inc./Johnson and Johnson Co. Technique
of closure, size or suture material and dressings were standardized. Oral and topical antibiotic use was at the discretion of the treating physician. The 2 groups were similar in
demographic characteristics, wound characteristics and
wound care. The primary outcome was cosmetic result at
4–5 months measured by a visual analog scale (VAS) for
cosmesis, where 0 mm represented the worse possible outcome and 100 mm the best possible outcome.7 There were
3 secondary outcomes: wound evaluation score (WES) at 5–
10 days and at 4–5 months; infection and dehiscence; and
need for surgical revision. At 5–7 days for facial lacerations
and 7–10 days for torso and extremity lacerations postsuture, the same wound care nurse evaluated all patients
and assigned a score using the 6-item validated WES tool,
which assesses short-term cosmesis.8 Early evaluation also
included signs of drainage, systemic and wound infection or
dehiscence. Late evaluation was completed by a plastic surgeon blinded to treatment and included using a validated
VAS of cosmesis, repeating the WES and determining if a
scar revision was needed.
Results were available for 63 of the 95 patients at the
4-month follow-up: the VAS was 79 mm (95% CI 73–
85 mm) for the 34 patients in the absorbable sutures group
and 66 mm (95% CI 55–76 mm) for the 29 patients in the
nonabsorbable sutures group. 3 For the secondary outcomes, no differences were found between the groups in
terms of percentage of optimal WES (6 of 6; 62% v. 49%,
relative risk [RR] 0.73, 95% CI 0.45–1.17), rates of dehiscence (2% v. 11%, p = 0.07) and infection (0% v. 2%,
p = 0.3). Two patients in the absorbable sutures group and
1 patient in the nonabsorbable sutures group were recommended for surgical revision.3
As a plastic surgeon, you are surprised at the results and
consider how the use of CIs can help you interpret the
results more thoroughly. Although there might be some
methodological limitations to the RCT, we will accept it for
now, as the purpose of this article is the appraisal of CIs. For
those who are interested in the appraisal of RCTs in surgery,
we recommend reading the “Users’ guide to the surgical literature” article by Thoma and colleagues9 on this topic.

ConCept and ImportanCe of CIs
To understand CIs, the concepts of population values,
variability and interval estimation of values will be briefly
reviewed as they pertain to the development of CIs. Evidence used in decision-making about a treatment relies on
the estimated values from a sample of patients that are
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then generalized to all individuals in that population.
Ideally, we would like to perform a study on the entire
patient population and calculate the true population value,
but this process is impractical and often impossible. We
commonly conduct studies on a random sample of
patients drawn from the whole population and assume
that the results from these studies could be extrapolated as
estimates of what might happen if the treatment was given
to the entire patient population.10 The accuracy of the
study results and the process of extrapolation, even if
biases (systematic errors) are excluded, are subject to some
measure of uncertainty that should be considered before
making decisions. This uncertainty, or random error, is
owing to the variability in measured data, which arises
purely by chance and could be reduced by increasing the
number of observations.10 Details on the measures of variability, standard deviation (SD) and standard error of the
mean (SEM) are provided for interested readers in Appendix 1, available at cma.ca/cjs.
Note that random sampling is mimicked in an RCT by
randomly assigning patients to the study groups. This provides the same statistical validity to the statistics computed
from the groups as well as the inferences drawn from the
statistics. Whether the results in the RCT apply to the
reader’s patients is a matter of clinical judgement or generalizability. The inclusion and exclusion criteria have to be
interpreted by the reader to determine whether the trial
results apply to their own patients.
There are 2 approaches to statistical analysis: hypothesis
testing and estimation. 10,11 We are more familiar with
hypothesis testing, since this has been the “scientific
method” we learned in undergraduate studies and traditionally have seen in medical research. This approach
involves proposing a hypothesis, measuring a variable and
determining whether this calculation supports or refutes
the initial assumption. This is done by calculating a p value
and making a statement on statistical significance. Hypothesis testing is discussed in detail elsewhere.11
By contrast, the estimation approach gives us more useful information. Two methods of estimation are commonly
used. First, we randomly take a sample of patients and calculate a single number as an estimate of the population
value; this single number is called a “point estimate.” For
example, we use the mean from a sample of patients to estimate the population mean. The problem is if we carry out
a series of identical studies on different samples from the
same populations, we will obtain different estimates of the
mean.1 A point estimate does not provide any information
about the size of the samples or the inherent variability of
the estimates. Therefore, a second method, known as
“interval estimation,” in addition to point estimation is preferred. This method provides an interval of reasonable values to quantify the uncertainty, due to sampling variation,
around the point estimate. This interval of values is
intended to contain the population value with a certain
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degree of confidence and is called a “confidence interval.”1
For example, with 95% CIs, we can be 95% certain that
the intervals cover the true population value. The width of
a 95% CI indicates the size of imprecision of the estimate;
the narrower the CI, the more precise the estimate. The
precision of the estimate can be improved by increasing
the sample size. The CIs and p value are closely related. A
p value of 0.05 corresponds with 95% CIs, excluding the
value indicated in the null hypothesis (i.e., 0 for the differences between 2 means or proportions and 1 for an RR,
odds ratio [OR] or hazard ratio).1,10 We can obtain CIs for
all population values, including means, proportions, rates,
and ratios. The conventional coverage of 95% for CIs is
arbitrary, and 90% or 99% CIs are occasionally used.
Note that CIs only reflect the imprecision arising from
sample variation but do not reflect the additional variations
introduced by systematic errors. For example, when groups
are not assigned randomly, the randomization sequence is
not concealed, outcomes are not assessed in a blinded fashion or there are many losses to follow-up,10 and then CIs
can underestimate of the variation present in the sample.

InterpretatIon of CIs
The interpretation of CIs is quite straightforward. For a
given sample, CIs inform the clinicians about the interval
in which the true population value for the proposed treatment might lie.12 The CI can provide valuable clinical
information when determining the clinical importance of
a treatment. It can help determine whether the sample size
is sufficiently large and the CIs sufficiently narrow to
reach a definitive conclusion about the results of a
study.12,13 The concept of minimum important difference
(MID) is useful when considering the issue of whether a
study had enough power for the generated CIs. 14 The
MID is the smallest effect of a treatment that patients perceive as beneficial in the absence of side effects.14 This is
often provided in study articles as the effect size when
describing the calculations used to determine sample
size.11 As described in the example that follows, how the
MID relates to the CIs helps clinicians understand if a
study is adequately powered and if the results are clinically
important. This highlights the advantage of CIs in providing clinically important information as well as statistically
significant differences. The p value, on the other hand,
indicates if a result is statistically significant, but it may
not be clinically useful to the patient.
Figure 1 shows 4 hypothetical study results for comparing the postoperative pain score between laparoscopic and
open surgery for hernia repair. A mean difference of
10 mm in postoperative pain score between laparoscopic
and open surgery, for example, is assumed to be the MID.
The null hypothesis is that the difference in postoperative
pain score between laparoscopic and open surgery is 0 (vertical line drawn through 0). For each study, the dot repre-

sents the mean difference (point estimate) and the line represents the corresponding 95% CI.
From Figure 1, when the results of a study are positive
(statistically significant), the CIs would exclude the value
indicated for the null hypothesis (i.e., 0), as in Study 1 and
Study 2. We still need to check the boundaries of the
CI.12,13,15 If the MID of 10 mm falls outside of the lower
boundary (the smallest plausible treatment effect compatible with results) of the CI, we could confidently conclude
that the sample size is large enough and the study’s results
are definitive (Study 1, Fig. 1). If the MID of 10 mm falls
inside of the lower boundary of the CI (even though the
mean difference between the 2 types of surgery is larger
than the MID), we should doubt that the sample size was
large enough to produce definitive results, and there is still
uncertainty as to whether laparoscopic surgery, for example, is beneficial based the results of this study (Study 2,
Fig. 1). More studies with adequate sample sizes are needed
for a definite conclusion.12,13 When a study’s results are negative (not statistically significant), the CIs will include the
value indicated for the null hypothesis, as in Study 3 and
Study 4. Therefore, the hypothesis of no difference will be
accepted, but the CI still provides us with useful information. This information is important for the interpretation
of the results that are not revealed by the p value. If the
MID is outside of the higher boundary of the CI, the sample size was adequate, the study is truly negative, and
results are definitive (Study 3, Fig. 1).12,13 Conversely, if the
MID is included within the boundaries of the CI, then the
study was underpowered, the results are inconclusive, and
more studies with larger sample sizes are needed (Study 4,
Fig. 1).12,13 The methods for constructing CIs for a mean
difference are demonstrated in the Appendix.16

applyIng CIs to our artICle
With this understanding of CIs, the data from the article by
Karounis and colleagues3 can be used to interpret and
understand CIs more in depth. Looking at the primary end
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Fig. 1. Results of 4 hypothetical studies for comparing laparoscopic
and open surgery for hernia repair. A 10-mm improvement in the
postoperative pain score is considered the smallest benefit that
would warrant a change in practice (double line). The single line on
the y axis represents the null hypothesis of no difference. For each
study, the dot represents the mean difference (point estimate), and
the line represents the boundaries of the 95% confidence intervals
around the point estimate. MID = minimum important difference.
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point, the VAS of cosmesis gives a mean of 79 (95% CI 73–
85) mm for the absorbable sutures group and 66 (95% CI
55–76) mm for the nonabsorbable sutures group. That
means that if the trial was done 100 times and CIs were calculated, the true population value for each group would be
included in 95 of the 100 CIs. The chosen MID for this
article was a 12 mm difference in the mean VAS scores.3
The authors did not report the mean difference but provided the mean and 95% CIs for each group. We could calculate the mean difference and the corresponding CIs from
the provided information on each mean (see the Appendix
for the calculation of mean difference and corresponding
CIs from the provided data). The mean difference between
the absorbable and nonabsorbable sutures groups is 13 mm
(in favour of absorbable sutures) and the corresponding CI
is 0.61–25.4 mm. The results are similar to Study 2 from
Figure 1, where the mean difference in VAS of cosmesis
between the groups is statistically significant, as the 95%
CIs excludes 0, the value for the null hypothesis, but the
MID of 12 mm is inside of the boundaries of the 95% CI
(Fig. 2). Therefore, we can conclude that the sample size
was not large enough to produce definitive results and that
more studies are needed to test this hypothesis.
A similar interpretation could be applied to outcome values, such as risk differences, RRs, hazard ratios or ORs. As
previously mentioned, results reported as ratios have a value
of 1 for the null hypothesis, so CIs crossing 1 in these calculations would not be considered statistically significant.
There is no reason to consider secondary outcomes, as
the details for power analysis are usually provided for the
primary outcome only. It is possible to ensure that we
would have enough power to test the hypotheses of no difference for both primary and secondary outcomes, but one
needs to plan the study a priori for this purpose and possibly adjust sample size accordingly.

dIsCussIon
The article3 used here to understand CIs shows clearly
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fig. 2. Results from the study by Karounis and colleagues. A 12-mm
difference in visual analogue scale (VAS) score of cosmesis was an a
priori minimum important difference (MID; double line) by the
authors. The single line is the null hypothesis of no difference in
mean VAS of cosmesis. The dot on the horizontal line represents the
mean difference of 13 mm, and the line represents the 95% confidence interval of 0.61–25.4 mm.
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how a “positive” result of a study based on the p value can
contain much more information for the clinician when
CIs are used to interpret the results. Whereas more information, such as the mean treatment difference and MID,
is needed from study authors, the readers in turn can
reach better conclusions. The clinician can determine, for
example, whether the MID was reached, whether the CIs
show the study results to be definitive or requiring further
study and the amount of precision of the results based on
the narrowness of the CIs.
This specific article also highlighted the importance of
understanding how CIs need to be presented, since the
original article provided group VAS means with CIs rather
than the mean difference between the study groups. It
required some work by our statistician to arrive at the
more useful mean difference between the groups and the
CI (see the Appendix for the calculation). This value is the
treatment effect, which is in essence what the clinician
wants to know. This is a useful point when reviewing articles: to see if the mean difference and CIs have been calculated for means, and to see if RRs, ORs or hazard ratios
and CIs have been calculated for proportions. Figure 1 is a
useful diagram to guide conclusions about research results.
As seen in the article by Karounis and colleagues,3 the CIs
did not include the null hypothesis, so the results are statistically significant, but the CIs did include the MID, indicating that the study was inconclusive for the proposed
MID, thus other larger studies are required to make a
definitive conclusion about suture choice for lacerations.
This diagram can be used to interpret other research article results in a similar manner, by determining whether the
CIs include the null hypothesis value or the MID.

ConClusIon
Returning to our initial scenario, when evaluating the chosen article based on the evidence, you are not convinced
that the study’s conclusion — that absorbable suture is
superior to nonabsorbable suture — is supported by the
data. The final result will only become apparent when a
larger RCT is executed in which the MID is considered in
the sample size calculation. For the time being, you advise
the plastic surgery resident to use her preferred suture.
As can be appreciated through this scenario, a more
detailed analysis is required with CIs than simply looking
at a p value. However, much more information is gained.
Statistical significance can be determined quickly by assessing whether the null hypothesis is included in the CIs (0
for mean difference and 1 for an RR), and the clinical
importance of the conclusions can be determined by
whether the MID is included in the boundaries of the CI
or not. The width of the CI also indicates how much variability is present in the study samples. Confidence intervals
are being used more often in many surgical journals since
they contain more relevant information for the clinician;
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understanding their application is essential for ongoing
analysis and appraisal of surgical research.17
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