
ABSTRACT 
What does the Texan sharpshooter, the World War 2 
American air force, The Taj Mahal, cherry farming, and 
dentistry have in common? They have all been the subject 
of Survivorship bias. This paper will discuss the concept 
of survivorship bias in research by using examples of flaws 
in study designs or interpretation of data. It aims to serve 
as a caution to practitioners of the need to be aware and 
critical when reading literature and manufacturers' reports 
before making decisions regarding materials choices and 
treatment protocols to follow. 

BACKGROUND 
New developments in the field of dental materials and 
techniques have always, and continue to advance 
at an incredibly fast rate. In keeping with this, both 
manufacturers and clinicians need to play a part in 
monitoring the latest products to assess their laboratory 
and clinical performance, durability, and longevity. These 
characteristics then need to be compared to those 
currently in use before one can be replaced with the other. 
The literature is replete with studies investigating success 
rates and survival rates of different materials, components, 
and procedures. However, a recurring problem with 
comparative studies is the lack of standardization in 
experimental design, measurements, and scoring criteria. 
Numerous authors have published papers on standardized 
guides to utilise when assessing clinical success and 
survival, most notably in the field of dental implantology. 
These were developed to help formulate a way of making 
quantitative and qualitative comparisons that could be 
substantiated with statistical evidence. This paper will 
present a brief description and definition of  common 
terms and calculations used in success and survival 
studies. It will then  illustrate examples of inherent flaws 
in study designs or interpretation of data. This aims to 
caution practitioners of the need to be particularly critical 
when reading literature and manufacturers' reports.

Literature review 
1. Success, Survival, and Failure
In restorative material studies different criteria, definitions 
and types of statistics may be used for reporting on 
performance. Some papers refer to percent success and 
percent survival.1 In these Success is taken as the “number 
of restorations that survive without any adverse effects”, 
while Survival relates to “the number of restorations that 
survive even though they may have exhibited some form 
of damage which has not adversely affected their function 
or aesthetics”.1.2 Others report on success and survival 
in terms of probabilities over set periods. They generally 
consider restorations and prostheses as a success if they 
have performed as expected for 5 or more years. Success 
and survival have at times been combined into one definition 
as “the intact survival of a prosthesis with acceptable 
surface quality, anatomical contour and function, and where 
applicable, with acceptable aesthetics”.2 

Restorations would be considered Failures if they “had to 
be replaced during this time for reasons such as secondary 
caries, irreversible pulpitis, excessive wear of opposing tooth 
surfaces, excessive erosion and roughening of their surface, 
ditching of the cement margin, unacceptable aesthetics, 
cracking, chipping, fracture or bulk fracture”.2 However, there 
is no standardization in the criteria used to measure these 
indicators or the parameters reported across different studies 
or with differing materials. For example are repairable fractures 
considered failures or technical complications? And should 
data collection and reporting encompass clinical prosthesis 
failures, technical complications, and biological side effects?1 
In addition, there needs to be a clear distinction between in 
vitro studies and data and those from clinical performance 
studies. 

In implant dentistry, a whole gamut of different benchmarks 
has been postulated for determining implant as well 
as restoration success and survival. Not only do these 
indices differ between researchers, specialties, and implant 
companies, but the measures are constantly being revised 
to account for extraneous factors such as patient profiles, 
surgical techniques used, occlusal considerations, implant 
design, and newer consensus opinions. This makes the 
comparisons of results on implant success rates far more 
complex and adds to the difficulty many clinicians have 
when deciding on which is the best to use for each specific 
patient.3

To further illustrate these difficulties consider how the 
parameters used for assessing implants changed within the 
first ten years of reporting. The first set of implant success 
criteria were developed by a group of experts in 1979.4 The 
standards included that “the implant should display mobility 
less than 1mm in any direction; there should be no bone loss 
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larger than one third of the vertical height of the bone; there 
should be no symptoms, infection, nor damage to adjacent 
teeth; there should be no paraesthesia and no damage to 
the mandibular canal, maxillary sinus, as well as the nasal 
floor; and that the implant should function in the patient’s 
mouth for five years in seventy-five percent of all patients”.4 

In 1982, the criteria was expanded upon to include that 
implants “must have been present in the oral cavity for sixty 
months or more; that there should be a definitive lack of 
mobility; there should be no evidence of radiolucency on the 
radiograph in the cervical region of implants;  the implant 
should be free of haemorrhage; the patient should display 
no pain or percussion sensitivity from the implant; and 
intraorally, there should be no pericervical granulomatosis, 
gingival hyperplasia, or widening of the peri-implant space 
on the radiograph”.5 In 1984, additional success criteria 
were then added as “subjective and objective indices”.6 “The 
subjective measures included proper function, absence of 
discomfort and/or pain, and the patients’ belief that the 
implant had resulted in improvement of their aesthetics, 
as well as their emotional and psychological attitude”. The 
objective criteria “included good occlusal balance and 
vertical dimension, maintenance of healthy collagenous 
tissue, and no polymorphonuclear infiltration”.7

2. Accuracy, Precision, Validity, and Reliability
•	 Accuracy is an indicator of how close measurements 

are to the true value 
•	 Precision refers to the degree to which repeated meas-

urements will produce the same result. It also relates to 
how close repeated measurements are to each other

•	 Validity shows how appropriate and adequate a test is 
for that specific purpose, as well as how correctly the 
results have been interpreted and subsequently used.

•	 Reliability is a measure of consistency and shows the 
degree to which a method produces the same results 
when used at different times, under different circum-
stances, by the same or other observers.

Both accuracy and precision will affect validity and reliability 
(Figure 1).8 

3.  Survivorship bias
The Texan Sharpshooter Fallacy is a fictional story that was 
used to illustrate how misconceptions and false conclusions 
can arise when differences in data are ignored, while simi-
larities are overemphasized. It relates to a human cognitive 
phenomenon called the “clustering illusion” where the ob-
server interprets patterns when none exist.  Legend has it 
a Texan fired a series of gunshots at the side of a barn. He 
then looked for the area where the most holes were clus-
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Figure 2. Illustration of The Texan Sharpshooter Fallacy 

Figure 1. Accuracy versus Precision (Reproduced from Sykes et al.8)

tered and drew a target around these, thus creating the false 
impression that he was an accurate sharpshooter.

Another famous example of survivorship bias dates back to 
World War 2. At the time, the American military asked math-
ematician Abraham Wald to study how best to protect air-
planes from being shot down. The military knew that extra 
armour would help, but it couldn’t be used to protect the 
whole plane as this would make the aircraft far too heavy to 
fly. Initially, they planned to examine the planes returning from 
combat, and see where they were worst hit, and then rein-
force these areas. They identified the wings, around the tail 
gunner, and down the center of the body as the worst-hit 
zones and proposed to reinforce these areas (Figure 3). 

But Wald realized they had fallen prey to survivorship bias 
because their analysis was missing a valuable part of the pic-
ture: the planes that were hit but that hadn’t made it back. He 
reasoned that the returning planes surviving the bullet holes 
they were looking at actually indicated areas that could be hit 
and still allow the planes to keep flying, whereas those that 
didn’t return must have been hit in “critical” areas. As a result, 
the military was planning to armour the wrong parts of the 
planes, the exact areas that didn't need reinforcing.9

A type of survivorship bias that can be seen in civil and urban 
architecture and construction is called “selection bias”. This 
involves the selection of individuals or data in such a way that 
proper randomisation is not achieved, and the sample is not 
a true representation of the entire population. For example, 
commercial development entails that buildings are constantly 
being torn down and replaced with new structures that may 
have more modern designs, make better use of the space 
available, use stronger, more durable, or cost-effective mate-
rials, and have improved ergonomics and functionality. Only 
the most popular, or presumed beautiful, historic buildings 
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1a. Accurate & Precise
Validity +++
Reliability +++

1b. Not accurate & Not 
precise
Validity +
Reliability +

1c. Precise but not accurate
Validity +
Reliability +++
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tend to be preserved and as such will survive from one gen-
eration to the next. Generally, the ugliest and weakest erec-
tions tend to have been demolished creating the erroneous 
impression that all old buildings were more beautiful and 
better built than modern structures.

Agriculture too has been the victim of “the fallacy of incom-
plete evidence” or “suppression of evidence”. It occurs 
where only data that conforms to a certain standard or po-
sition is considered, while that which does not adhere to 
these criteria is ignored. For example, one presumes that 
cherry pickers will only select the ripest and healthiest fruits 
to send to market. An observer will see their load and erro-
neously conclude that most of the tree’s fruit is likewise as 
good. This gives them false impressions of the overall qual-
ity of all the fruit as they see a mere “snapshot” of the best. 
(NB do not confuse this with cherry-picking which refers to 
selecting the most easily accessible fruit/data and ignoring 
that higher up / more difficult to reach)

Discussion of potential survivorship bias in dentistry
Bias is a systematic error in the design (selection bias) 
or methodology (information bias) of the study, leading 
to inacuracies in data or outcomes.10  Many clinical 
decisions are based on studies that use success and 
survival parameters similar to those defined in this paper 
for dental materials and implantology. However, following 
the illustrations of survivorship bias, it may be interesting 
to re-look at both our current clinical practices as well as 
the literature on which these are based, and scrutinise 
the data for evidence of these types of errors. Treatment 
decisions based on clinical experience may be flawed in 
that happy patients tend to return for follow-up visits, while 
those who have had complications or treatment failures will 
often go to a different practitioner. Thus you may never be 
aware of what went wrong or seek answers as to why, and 
adjust your practices accordingly in the future. Erroneous 
conclusions can also be drawn from studies that do not 
compare “like-with-like” components, procedures, patient 
profiles, periods, surgical experience, occlusion, or any 
number of other dissimilar influences. Studies that do not 
take into account the outliers, or the “lost to follow-up” cases 
may miss out on valuable evidence, which could contradict 

the data collected and analysed. Similarly, those that only 
look at successes and survival rates, or complications 
associated with the survivors, may never be aware of the 
number and types of failures. The use of Kaplan–Meier 
mathematics in statistical analyses is another factor that 
may have added to survivorship bias. The Kaplan-Meier 
statistics measures the estimated cumulative survival of 
a prostheses over time. It looks at a specific time interval 
and measures the number of failed and at risk prosthesis 
during this period. The problem with this tool is that 
the failure number is expressed as a numerator in the 
equation, but if a failure is not reported (for example if 
a patient does not return),  it will not be registered as a 
loss and the estimated cumulative survival stays high.11  
Furthermore, in vitro and animal studies have limited use 
if they cannot mimic the exact human oral conditions 
where the entity under investigation will need to perform. 

A slightly different, but equally relevant issue to consid-
er when measuring success, is the objective versus the 
subjective judgment. What the clinician (and literature) 
deem to be successful in terms of objective outcome 
measures, may not be the same as the patients’ opin-
ions. If a seemingly perfect restoration does not meet the 
patient’s expectations in terms of function, aesthetics, or 
comfort, should it be considered a success or a failure? 
And who decides? 

CONCLUSIONS
In dentistry, we may make crucial errors in judgment if 
we base our clinical practice on research or observa-
tions of the survivors, the procedures that outperform 
others, or those things we deem to be successful. Con-
clusions based only on the successful attributes, without 
looking more broadly at the whole dataset, including the 
failures, will constitute survivorship bias. This may blind 
the dentist to their faults leading to oblivious repetition 
of the error. While it may be a hard and humbling exer-
cise, clinicians and researchers need to be conscious 
and courageous enough to scrutinise their failures. They 
must ask themselves why something didn’t work, dis-
cuss possible reasons with colleagues or manufacturers, 
learn from their mistakes, and most importantly share 
this knowledge with others. This is how real progress is 
made, and how we avoid survivorship bias. 
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