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Abstract Öz 
Purpose: The aim of our study was to evaluate the 
robustness and success of fragility index (FI) for 
randomized controlled trials (RCT) utilized diagnostic 
imaging techniques.  
Materials and Methods: We performed a systematic 
survey of RCTs using the terms of “randomized controlled 
trial”, “exact test” and “diagnostic imaging” in PubMed. 
Two researchers independently reviewed the abstracts and 
identified the studies according to selection criteria.  
Results: The median FI was 4.0 [1.0-4.0] and the median 
sample size was 83.5[36.0-148.0]. Fifty percent of RCTs 
reported p value was between 0.001 and 0.05. After one 
more event added, 94.4 % of studies became non-
significant with a p value between 0.05 and 0.10. There was 
no significant correlation between the FI’s and the sample 
sizes and outcome events. (r=0.144, p=0.570; r=0.169, 
p=0.504) There was a statistically significant difference 
between reported p value groups in terms of FI. 
Conclusion: FI should be given along with the p value for 
binary outcomes. Researchers should be careful with the 
interpretation of FI because it only shows the level of 
evidence and the power of the statistical significance. 

Amaç: Bu çalışmanın amacı kırılganlık indeksinin  (Kİ) 
başarısını, tanı amaçlı görüntüleme yöntemleri kullanılan 
randomize kontrollü çalışmalar (RKÇ) için 
değerlendirmektir.   
Gereç ve Yöntem: Pubmed veri tabanında “Randomize 
Kontrollü Çalışma”, “Kesin Test” ve “Tanısal 
Görüntüleme” terimlerini içeren bir sistematik araştırma 
yapılmıştır. İki araştırmacı birbirinden bağımsız olarak 
özetleri ve çalışmaları seçim kriterlerine göre incelemiştir. 
Bulgular: Kİ medyan değeri 4.0 [1.0-4.0] ve örnek 
genişliğinin medyan değeri 83.5[36.0-148.0] olarak 
bulunmuştur. Dahil edilen çalışmaların %50’sinin p değeri 
0.001 ile 0.05 arasında yer almaktadır. Bir kişi daha 
eklendiği durumda çalışmaların %94,4’ünün p değeri 
anlamsız hale gelmiştir. Kİ ile örnek genişliği ve ilgilenilen 
olayın gözlendiği kişi sayısı arasında anlamlı bir ilişki 
yoktur.  (r=0.144, p=0.570; r=0.169, p=0.504) Rapor 
edilen p değeri grupları arasında Kİ değerleri bakımından 
istatistiksel olarak anlmalı bir farklılık vardır. ( 
Sonuç: İkili sonuç değişkenleri için Kİ p değeri ile birlikte 
verilmelidir. Araştırmacılar Kİ’yi yorumlarken dikkatli 
olmalıdır çünkü Kİ sadece çalışmanın kanıt değerini ve 
istatistiksel gücünü göstermektedir.  

Keywords: Randomized controlled trials, fragility index, 
diagnostic imaging. 

Anahtar kelimeler: Randomize kontrollü çalışmalar, 
kırılganlık indeksi, tanısal görüntüleme. 

 
 

INTRODUCTION 
Diagnostic imaging techniques like magnetic 
resonance imaging (MRI), ultrasound (US) or X-ray 
have been used by physicians to make diagnoses for 
nearly hundred years. For physicians, the integration 
of the best evidence while determining the most 

successful imaging method according to the diagnosis 
is very important. In recent years, the evidence based 
medicine (EBM) has become popular in making 
clinical decisions. EBM is the composite of clinical 
experiment of physicians, patient status and best 
evidence. Randomized controlled trials (RCTs) are 
the gold standard of evidence and recommended to 
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evaluate the effectiveness of diagnostic imaging 
techniques because confounding factors and 
potential bias can be controlled and minimized with 
randomization1,2,3. 

Traditionally, the p value of 0.05 has been used to 
demonstrate the efficiency of a specific method, 
treatment or intervention statistically in RCTs. 
However, researches have been discussing the 
validity of this statement for a long time. There are 
some limitations in assessing treatment effects by a p 
value, especially related to studies with binary 
outcome. One limitation is that the p value of a study 
with large sample sizes and small effect sizes is similar 
to another with small sample sizes and large effect 
sizes. In addition, the p value changes according to 
the event rates in these trials. Especially, the Fisher 
exact test or the chi square tests are used in the studies 
which are evaluating the effectiveness of diagnostic 
techniques. Making a decision only according to the 
p value is sometimes misleading in these types of 
studies4,5,6. For example, a randomized controlled 
trial in which 23 patients with angioscopy for end 
luminal evaluation and 19 conventional (CON) in 
situ grafting were assessed in terms of wound 
morbidity, morbidity was seen in 6 of 23 patients of 
the ANG group and 12 of 19 patients of the CON 
group. According to the Fisher Exact test result, the 
p value was calculated as 0.043. But if only one more 
morbidity in the CON group were detected, the trial 
result would not remain statistically significant7. FI 
for the trial was 1 event, that means adding only one 
event to one group changed the result from 
significant to non-significant. Therefore, the quality 
of RCTs is controversial because just few events in 
one group alter the hypothesis, which is considered 
statistically significant.  

To our knowledge, there are no studies present 
evaluating FI in RCTs using diagnostic imaging 
techniques although the Fisher Exact test is used 
commonly. Our aim in this study is to evaluate the 
robustness of randomized controlled trials utilized 
diagnostic imaging techniques. 

MATERIALS AND METHODS 

Selection of studies 
In the first phase, PubMed was systematically 
searched for RCTs using the terms of “randomized 
controlled trial [Publication Type]”, “exact test 
[Title/Abstract])” and “diagnostic imaging [MeSH 

Terms]”.  Diagnostic imaging techniques in MESH 
terms were included in the list which is given in Table 
1. We filtered PubMed to detect all types of Clinical 
Trial publications which have free full texts and are 
concerned with human studies. In our search 
strategy, there was no year or journal restriction. 

Table 1. Diagnostic imaging techniques and 
procedures  

Diagnostic imaging 
• Brain Mapping  
• Cardiac-Gated Imaging Techniques 
• Image interpretation, Computer-Assisted 
• Imaging, Three Dimensional 
• Magnetic Resonance Imaging 
• Microscopy 
• Molecular Imaging 
• Photography 
• Radiography 
• Radionuclide Imaging 
• Respiratory-Gated Imaging Techniques 
• Spectroscopy, Near-Infrared 
• Stroboscopy 
• Subtraction Technique 
• Terahertz Imaging 
• Tomography 
• Transillumination 
• Ultrasonography 
• Voltage-Sensitive Dye Imaging 
• Whole Body Imaging 

In the second phase, two researchers independently 
reviewed the abstracts and identified the studies 
according to selection criteria which were specified 
above. Only one result was taken into account from 
studies which reported more than one significant 
result. The flow diagram of the studies which were 
evaluated systematically is given in Figure 1. The 
characteristics of included studies are given in Table 
27-24. 

p= ((a + b)!(c + d)! (a+c)! (b+d)!)/ a! b! c!  
d! N!                                            (1) 

Statistical analysis  
The Fisher Exact test is used for 2x2 contingency 
tables when 25% percent and more of the expected 
cells are smaller than 5. It gives a better 
approximation to the exact probability under small 
sample sizes than the Pearson Chi-Squared test. The 
Exact test probability is calculated by the formula 
given in Equation 125. An example table required for 
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the calculation of Fisher Exact test is given in Table 
3.  

Table 3. Two by two contingency table 
 Event No Event Total 
Diagnostic Method I a b a+b 
Diagnostic Method II c d c+d 
Total a+c b+d N 

The new approach, called the Fragility Index (FI) for 
2x2 contingency tables, has been proposed as a 
measure of weakness for RCTs.  For a trial which 
reported a statistical significant result, the FI is the 
minimum number of “non-events” that changed to 
“events” to get the non-significant p value26. The 
study results are more robust when the FI is larger.  

 
Figure 1. Flow diagram of studies reviewed 
systematically 

In the calculation step of the FI, events are added 
iteratively to the smallest event group until the 
statistical test becomes non-significant. If a<c, the 
exact p value is calculated as  

p= ((a+ b+1)!(c + d)! (a+c+1)! (b+d)!)/ 
(a+1)! b! c ! d! (N+1)!                         (2)  

and, if the p value is greater than 0.05, the process is 
stopped. Otherwise, one more event is added until 
the non-significant p value is obtained. Then, the 
added event number is FI. Statistica 13.3.1 (TIBCO, 
CA, USA) was used for statistical analysis. 

RESULTS 
In the third phase, randomized controlled trials were 
examined in terms of sample sizes, the number of 
events and the reported p values. Besides the p value 
of the primary outcome for each study, the Fragility 

indices were obtained using the formulation reported 
by Walsh et al.26,27. We reviewed 38 studies, of which 
18 studies were appropriate for the calculation of the 
FI. These studies met all inclusion criteria mentioned 
above. Trial statistics of included studies are given in 
Table 4.  

 

 
Figure 2. The distribution of Fragility Indices for 
diagnostic imaging studies obtained from 
systematic review 

The median FI was 4.0 [1.0-4.0] and the median 
sample size was 83.5[36.0-148.0]. The median of the 
event numbers (both in treatment and control group) 
was 18 [13-32]. Fifty percent of RCTs reported p 
values between 0.001 and 0.05.  

After one more event added, 94.4 % of the studies 
became non-significant with a p value between 0.05 
and 0.10. There was no significant correlation 
between the FI and sample sizes and outcome events. 
(r=0.144, p=0.570; r=0.169, p=0.504) The histogram 
of the fragility index is given in Figure 2. There were 
6 articles with the FI as 1. The publication years of 
the studies were between 1996 and 2017. Studies with 
zero fragility indices were excluded. 

DISCUSSION 

The statistical significance generally depends on the p 
value in medical research6. However, researches have 
been debated on this fact for years although the p 
value’s application and interpretation is very easy. 
Previous studies reported that statistically significant 
results could be changed just with a single event. An 
approach named Fragility Index was introduced by 
Feinstein and then expanded by Walter et al. to solve 
this problem28. 
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Table 2. The sample size, group size, the events number of each group, reported p and  FI of included studies 

# Outcome n 
Treat
ment 

Group 

Treat
ment 
Even

t 

Contr
ol 

Grou
p 

Contr
ol 

Event 
p FI 

7 Incidence of wound morbidity 42 19 12 23 6 0.043 1 

8 Frequency of remnants of high-viscosity 
glass-ionomer sealants 201 157 2 44 12 <0.0001 20 

9 Baseline low-luminance visual acuity 
(LLVA) 492 246 20 246 5 0.0010 4 

10 The rate of positive surgical margins 
(PSMs) 239 125 20 114 31 0.035 1 

11 İmprovement in self-reported pain score 147 112 51 35 1 <0.0001 9 

12 Early (<30 day) morbidity; incidence of 
device-related complications 41 22 13 19 19 0.0055 4 

13 Efficacy of ultrasound (US)-guided three-
in-one femoral nerve blocks 36 18 12 18 1 <0.0001 5 

14 Change of Oswestry Disability Index 
(ODI) scores 87 42 7 45 26 <0.01 8 

15 Pain intensity reduction 71 52 40 19 8 <0.001 2 
16 The microtensile bond strength (μTBS)  80 40 14 40 2 0.001 4 

17 The effectiveness of pancreatic duct (PD) 
stent placement 120 60 1 60 8 0.0322 1 

18 The Mucus Shaver performance 24 12 1 12 10 <0.001 4 
19 The effect of home-use bleaching agents 20 10 8 10 2 0.023 1 
20 The Hobbs clinical score for treated limbs 124 70 13 54 19 0.038 1 

21 The effect of bipolar radial head 
prosthesis replacement 22 8 1 14 13 0.0004 4 

22 A modified way of performing Vacuum-
Assisted Breast Biopsy. 18 9 4 9 9 0.029 1 

23 Radiographic progression in patients with 
ankylosing spondylitis (AS). 214 111 15 103 4 0.034 2 

24 The effect of intravenous N‐
acetylcysteineon renal function 100 46 14 54 4 0.004 4 

*FI: Fragility Index 

Table 4. Trial statistics of included studies  
Sample Size* 83.5[36.0-148.0] 
The number of event * 18.0[13.0-32.0] 
Reported p valueɸ n=18 
• < 0.0001 • 3(16.7) 
• 0.001-0.0001 • 6(33.3) 
• > 0.001-0.05 • 9(50.0) 
P value after one more eventɸ n=18 
• 0.05-0.10 • 17(94.4) 
• >0.10 • 1(5.6) 
Fragility Index * 4.0[1.0-4.0] 

* Data was presented as median[25.Percentile-75.Percentile], 
ɸ Data was presented as count(percentage) 
 
FI was calculated for different medical literatures as 
urologic, orthopedic surgery, giant cell arthritis, 
anesthesiology and etc.29-32. There was no research 

found, which evaluated the robustness of the results 
for randomized controlled trials using diagnostic 
imaging techniques and the Fisher exact test together 



Derici Yıldırım and Taşdelen Cukurova Medical Journal 
 

 1314 

before. According to previous results, testing the 
hypothesis only according to the p value was 
insufficient. In Evidence Based Medicine, it was 
recommended that the p value should be evaluated 
with additional metrics like 95% confidence intervals. 
But there was no metric for categorical data analysis 
besides the chi square or the fisher exact test, 
therefore the FI should be used for this purpose.  

The median FI for our study was 4. This meant that 
the result of the study became non-significant by 
adding only 4 patients. The previous studies reported 
that the median FI was calculated as 2 in spine surgery 
27, 3 in urology literature 29, 4 for anesthesiology 
trials31 and 4 for giant cell arteritis32. The results of 
our study were compatible with published results 
evaluating the FI in other fields. We expected to find 
significant differences between the p value groups in 
terms of the FI. There was a statistically significant 
difference between the three following groups 
(p<0.001). The median [25Q-75Q] FI was 9.0[5.0-
20.0] for the <0.0001 group, 4.0[2.0-8.0] for the 
0.0001-0.001 group and 1.0[1.0-4.0] for the 0.001-
0.05 group, respectively. The difference originated   in 
the third group (0.001-0.05 group). It was statistically 
different from the first (<0.0001) and the second 
(0.0001-0.001) group (p=0.008, p=0.010).  

It is   known that the FI depends on the number of 
events. Studies with small number of events and 
sample sizes have a potential bias for false significant 
treatment effects. There were some studies that 
suggested at least 650 events to evaluate the treatment 
effect correctly in trials related to simulation results33. 
But many studies, utilizing diagnostic imaging 
techniques, used only qualified small sample sizes and 
small number of events. Therefore, an additional 
metric like the FI should be reported together with 
the results. On the other hand, a strong negative 
correlation between the FI and sample sizes was 
detected in some studies 27-31. In our study, we could 
not detect such a correlation because most trials 
included in our review had small sample sizes. We 
thought that the ratio of sample sizes in the treatment 
and the control group affected the value of the FI 
because a high ratio of sample sizes (nT/nc) gives a 
high FI. In addition, relative risk, risk reduction, 
absolute risk and their confidence intervals can be 
calculated besides FI. Especially 95% confidence 
intervals of relative risk reduction denote the 
statistical significance34. This metrics may be helpful 
for more accurate decision.   

The usage and interpretation of the FI is considered 

by researchers carefully. The FI should not be 
interpreted as a metric like p values. It should be 
always given with other metrics obtained from the 
study. A simulation study demonstrated that there 
was an inverse correlation between the FI and the p 
value35. When the p value is low, the FI is calculated 
higher but it does not provide significant clinical 
information about the diagnostic method or 
treatment. Therefore, the magnitude of the FI does 
not show that the study has   a greater clinical effect. 
It only demonstrates the level of evidence and the 
power of the statistical significance.   

Our study was limited by studies with small sample 
sizes. This limitation caused to underestimate the 
correlations between the FI and the trial 
characteristics. Therefore, our results, except the 
median of the FI and the p value group differences, 
were not consistent with earlier study results in 
medical literature. This study was limited because the 
FI could only be calculated for binary outcomes 
presented by two by two contingency tables and the 
exclusion of non-significant randomized controlled 
trials. Unfortunately, there was not a cut-off value for 
the evaluation of the FI.  

Therefore, the FI should be given along with the p 
value for binary outcomes. There are some studies 
that plan the calculation of the FI for continuous 
outcomes. With this development, the usage of the 
FI increases because many RCTs investigate the 
differences and correlations between continuous or 
discrete outcomes. During this study, we have 
planned a simulation study which will show the effect 
of sample sizes for each group on the FI. 
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