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Abstract: 
The authors propose and justify the appli-
cation of the Intention-to-treat (ITT) prin-
ciple in the field of oral implantology. The 
principle states that all participants par-
ticipating in a clinical trial analysis should 
be analyzed in their originally assigned 
treatment groups (treatment and con-
trol groups), regardless of whether they 
completed their treatment, experienced 
challenging events, or withdrew from the 
study. 

The ITT concept has (astonishingly) not 
been applied in conventional oral im-
plantology so far, although it would pro-
vide a more realistic assessment on the 
usefulness and effectiveness of specific 
oral implant procedures for the general 
public. It was concluded that the ITT prin-
ciple is an effective and conservative 
approach in evaluating treatment ben-
efits, as it allows the inclusion of all partic-
ipants, even those that failed to adhere 
to the treatment. 

The ITT principle also addresses missing 
data by deploying imputation technique 
to account for missing data points. Nota-
bly, the application of ITT analysis in the 
clinical aspects of implantology is vital 

because it provides insights into the ef-
ficacy of a dental implant procedure 
under real life conditions. As reports that 
include data for this important principle 
were never published in the field of con-
ventional oral implantology during the 
last 30 years, the pattern of reporting was 
presumably centrally dictated by one or 
more interest groups.

Keywords: 
ITT Principle; osseointegration; osseofixa-
tion; patient selection; treatment group; 
incomplete publications on osseointe-
grated implants.
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1. Introduction 
In the 21st century, when a dental patient 
asks their doctor about the best treat-
ment option, we need to remember two 
things. First, we should deliver a compre-
hensive treatment plan that includes all 
available strategies. Second, we must 
provide a reliable and unbiased evalua-
tion of the effectiveness of the discussed 
treatment methods. However, how do 
we choose the most credible options 
amidst the vast amount of scientific re-
search? The most popular approach is to 
use randomized controlled trials (RCTs). 
Pragmatic RCTs are particularly useful 
because, in contrast to explanatory RCTs, 
they focus on the real-world effective-
ness of interventions.[1] 

However, even RCTs are dependent on 
participants on both sides: the operator 
with their skill and knowledge, and the 
patients with their diversity in general 
health and bone conditions. Like human 
nature, RCTs are not flawless. Because 
participants are likely to deviate from 
the treatment strategy for various rea-
sons, they can compromise the validity 
of the study by nullifying the advantages 
of randomization.[2] For this reason, the 

intention-to-treat (ITT) concept was intro-
duced. The ITT analysis is mandatory in 
randomized clinical trials[3-5]. 
Surprisingly, while this principle is well ac-
cepted in general medicine, it has never 
been applied in the field of conventional 
oral implantology.[6] 

The ITT principle reduces bias by ensur-
ing that all patients are incorporated in a 
treatment group. Thus, during the assess-
ment of the effectiveness of any given 
implant system, all patients should be fol-
lowed, including those that received the 
treatment and those that did not.[7, 8]

As oral implantology has proliferated 
in the last 20 to 30 years, an increasing 
number of patients have been consider-
ing replacing missing teeth with implants. 
[9-11]

Patients who deny the treatment for 
whatever reason and those who were se-
lected but left untreated are not includ-
ed in the statistics regarding efficiency of 
the oral implantology worldwide.[12-14] 
This creates the false belief about the ef-
fectiveness of different implant systems. 
Patients requesting dental implants may 
not receive them for a number of rea-
sons: the treatment provider selects them 
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out because of their general health con-
ditions, local availability of bone and 
habits[15]. This usually occurs in patients 
with morbidities like diabetes, osteopo-
rosis, hypertension etc. Smokers, alco-
hol and drug abusers as well as patients 
with severe bone atrophy are typically 
excluded from treatments with conven-
tional implants[16, 17]. Such patients will be 
filtered out through the process of “pa-
tient selection” and not included in sta-
tistics. Another reason for not undergoing 
the proposed treatment is the fact that 
some patients, after consultation, decide 
that under the conditions offered by the 
treatment provider (e.g. extensive bone 
grafts), they would rather reject implant 
treatment. The lack of reporting those 
patients leaves a big gap of information 
in the field or oral implantology, because 
the existing studies do not reflect the re-
al-life applicability and effectiveness (es-
pecially in the age group of the elderly) 
for the method of implant treatment and 
osseointegration. 

The aim of this article is to familiarize both 
practitioners and researchers in the field 
of oral implants with the ITT concept and 
to propose a timepoint when an inclusion 

of a patient into the cohort of patients 
treated has to be done. This will allow for 
a broader view of the treatment options 
and effectiveness evaluation of dental 
implants. It will ultimately significantly im-
prove our understanding of different im-
plant system applications and clarify mis-
understandings in oral implantology.

2. Problem Statement
Various RCT studies have been conduct-
ed regarding dental implants, but almost 
none of the studies applied the ITT prin-
ciple. Furthermore, only few studies 
focused on the clinical reliability of in-
clusion/exclusion criteria. However, hard 
data regarding the number of deselect-
ed patients has not been found in the 
available literature on conventional im-
plantology. If we take into account that 
some implant solutions like subperiosteal, 
zygomatic or disc implants are not the first 
choice in good bone conditions but are 
only recommended if standard protocols 
are not an option anymore. It is clearly 
visible that our view of the uncommon 
implant system effectiveness is lacking. 
Additionally, if in the RCT study results, it 
is not known how many participants did 
not receive the primary interventions to 
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which they were randomized, changed 
trial arms, missed appointments, or 
dropped out, the conclusions may lead 
to false clinical importance. For instance, 
Lazarov evaluated a protocol for immedi-
ate functional loading of one-piece cor-
tical implants where he claimed that pa-
tient selection was not necessary as the 
only inclusion criteria was the presence 
of second cortical bone.[18] In his study, 
all patients who requested implants had 
been treated without exception. 
Such a study design, although it may 
seem risky from a clinical point of view, 
allows for drawing real conclusions re-
garding the applicability of the chosen 
implant system. Apart from the study by 
Lazarov, no studies applying specific clin-
ical aspects of the ITT principle in oral im-
plantology have been found. Therefore, 
applying the presented principle would 
fill this gap by determining the number of 
patients deciding for or against implant 
treatment and their reasons for making 
such a decision.

3. Discussion
Since 1961, when ITT analysis was first in-
troduced by Sir Austin Bradford Hill, who 
observed that the exclusion of subjects 

after randomization could compromi-
se a study‘s validity[5], researchers have 
continued to face significant challenges 
with its proper application. In an ideal 
scenario for ITT, all collected data should 
be used in the analysis. This approach 
preserves the benefits of the randomiza-
tion process, as well as the sample size, 
statistical power, and comparability bet-
ween groups, ultimately helping to mini-
mize bias.[2] This section presents a few 
examples that would explain why the 
application of the ITT principle is impera-
tive in all fields of medicine and especial-
ly in oral implantology, as it allows clini-
cal trials to be analyzed effectively and 
maintains the integrity of the randomiza-
tion process.[19] 
The ITT principle ensures that clinical tri-
al results are analyzed according to 
the patient’s initial allocation to a study 
group. It analyzes all subjects included in 
the study based on their initial randomi-
zation, regardless of any deviations from 
the protocol. This means if a patient re-
ceives an implant consultation in a clinic, 
their case will be included into the stati-
stics of that particular clinic regardless of 
whether the treatment takes place there 
or not.
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3.1 Randomized Controlled Trials (RCT)
Is the RCT in oral implantology really the 
“gold standard” and should the study 
conditions not be standardized and 
strictly controlled? Would RCT be the 
right choice when it comes to compar-
ing any brand of conventional implants 
on one side and any alternative system 
like for example one-piece implants on 
the other side? Especially if they utilize 
different loading protocols and bone an-
chorage.[20-23]

As we know, one-piece implants with pol-
ished surface do not depend on osseoin-
tegration (OI) for primary stabilization, as 
this requires time to develop.[24] Instead, 
they utilize bone compression and locate 
the implant threads in highly mineralized 
cortical bone that can be found as the 
outer layer of the bones.[25] The latter is 
called osseofixation (OF).[26, 27]  

If patients are randomly assigned to the 
OI or the OF group, all patients in the OF 
group will receive treatments as planned 
and their outcome will be monitored. No-
body would be excluded, although some 
patients might refuse treatment. In the OI 
group, however, many patients would 
be untreatable without bone transplant, 

bone augmentation or sinus-lift pro-
cedures.[28] Many patients in this group 
would either refuse these accessory 
treatments or postpone the oral implant 
treatment as much as possible. Patients 
also compare the price of the treatment: 
with the price of implants being identical, 
the treatment which includes bone aug-
mentation and intermediate prosthetic 
solutions (i.e. removable dentures) would 
still be significantly more expensive, 
which reduces the chance to become 
the method of choice for many patients. 
However, even if the randomization 
would work, uncountable patients who 
are randomly assigned to the OI group 
could be not eligible for treatment that 
includes bone augmentation, healing 
times and intermediate prosthetic steps. 
They would be rejected and referred 
to the other group working with the OF 
method. This would result in the creation 
of a “subgroup” of a significant size that 
receives exactly the same treatment as 
the control group (because nothing else 
can be done in such cases). Successful 
treatment of patients who switch groups 
would be counted as a success in their 
original group. Hence, such a compara-
tive study makes no sense. 
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3.2 Cohort Study 
A “cohort study” in OI implantology de-
mands that each subsequent case is 
entered into a study. Cases should be 
included after patients have received a 
personal consultation by a qualified phy-
sician. Patients who have been exclud-
ed (or have been denied treatment for 
various reasons) must remain part of the 
cohort, even if they are not treated (e.g. 
because their medical status caused 
their treatment with conventional oral 
implants to be contraindicated).

A patient with a complicated bone frac-
ture of the lower arm seems untreatable 
in the local hospital. He will be sent, how-
ever, to a more specialized center that 
applies other devices and provides well-
trained specialists. This means, this patient 
will never be left untreated in highly de-
veloped countries. Even if the first clinic 
refuses the treatment, the organizational 
structure of medicine in general in that 
country will demand that this patient is 
sent on to a more specialized center. 
In oral implantology it is, however, a rou-
tine procedure not to search for alter-
native treatment methods and to avoid 
sending patients to (private) competi-

tors who might offer a more modern and 
more applicable method. This means 
that only conventional implant systems 
are used and taught, while other meth-
ods are neglected or even actively re-
jected.
3.3 Real-Life Situations
Imagine a clinic treating patients with 
conventional OI implants that provides 
consultation to the general public every 
day and a number of the consulted pa-
tients will be really treated later. However, 
the guidelines of the clinic management 
state: 
•	 Not to treat patients above an insu-

lin blood level of XX nmol (the criti-
cal amount / the threshold differs be-
tween clinics). Therefore, e.g. 20% of 
the patients seeking treatment are 
excluded by the physicians. 

•	 Not to treat patients requiring bone 
augmentation who declare that they 
regularly smoke. Therefore, another 
30% of the patients seeking treatment 
are excluded because they do not 
have enough bone for a sufficient 
number of implants. Only 10% of smok-
ers (33%) receive treatment because 
they do not require bone augmenta-
tion.
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•	 Not to treat patients who are receiv-
ing IV bisphosphonate injections (0.1% 
of the patients are excluded). 

Besides the above, the implant success 
rate after three years is 97%. By applying 
the ITT Principle, it would result in a 43.1 % 
failure rate for the classic approach (pa-
tients who are denied implant treatment 
include 20% due to diabetics, another 
20% for smoking, and 0.1% of those re-
ceiving i.V. bisphosphonate. Total 40.1%). 
Therefore, a 3% failure rate of the implants 
(for example) would be reported. 

On the other hand, a clinic treating pa-
tients with OF implants provides consulta-
tion to the general public every day and 
a number of the consulted patients will 
be really treated later. The guidelines for 
treatment, set up by this clinic’s manage-
ment include: 
•	 Not to treat patients who have been 

treated with IV bisphosphonates (0.1% 
of the patients are excluded).

•	 Smokers and diabetic patients are 
treated without exception and with-
out adjustments of the treatment plan. 

Besides these, the implant success rate 
after three years is 97%. By applying the 
ITT Principle, it will result in a 3.1 % failure 
rate for this method of treatment (under 
the assumption that exactly the same 
patients were treated). 

From this example, we learn that in the 
clinical reality, many dental offices that 
offer implants and use the convention-
al implant treatment will refuse to treat 
much more cases compared to clinics 
that work with cortically anchored im-
plants. If their method does not work, 
the patient is sent home untreated and 
branded as “in general untreatable with 
oral implants”. Differences between the 
two methods are presented in Tab.1.

3.4 Long-Term Follow-Ups
For example, 100 patients that have un-
dergone a consultation or an oral implant 
therapy will all count as being included 
into the study group of a specific clinic 
and for a specific treatment. Presumably, 
40% of the patients were either selected 
out or refused the treatment (although it 
was indicated to treat, and the available 
treatment had a realistic chance for suc-
cess). Furthermore, it can be assumed 
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that at the end of the planned obser-
vation period (e.g. four years), 50 out of 
the 60 treated patients were examined, 
whereas 10 of the treated patients did 
not turn up for the final control appoint-
ment (i.e. they were lost). The treatment 
had failed in 6 out of the 50 controlled 
patients. This all must be reported in the 
publication as follows:
•	 40% of the cases turned out to be not 

treatable in general: for this calcula-
tion, the number of consulted patients 
is considered.

•	 10% of the treated and controlled 
cases had failed: for this calculation, 
those numbers of patients are calcu-
lated which appeared with a failure, 
out of the 60% of patients who re-
ceived treatment.

•	 10% of the cases were out of control 
at least at the endpoint of the study. 
An earlier control date could be con-
sidered and reported as endpoints of 
the study for this group.

In general, we can assume that patients 
experiencing failure or complications will 
come to the treatment provider to get 
this fixed, whereas patients who were 
out of control (in this example, 10 cases) 

are likely to be without problems or com-
plication. Only this type of full reporting 
would make studies on conventional OI 
and OF implants comparable. 

Major differences between methods for 
oral implants are displayed in the follow-
ing Table 1:

Table 1. The table shows major differenc-
es between the method of osseointegra-
tion (OI) and the method of osseofixation 
(OF) regarding permanent and tempo-
rary contra-indication as well as regard-
ing patients’ reason(s) for refusal to of the 
treatment
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OI Concept OF Concept [16]

Permanent medical 
contraindications for 
oral implanttreatment 
which will lead to de-
selection of the pa-
tient by the treatment 
provider

•	 Unfavorable medical conditions (diabetics, hy-
pertension, various medications, IV bisphos-
phonate treatment, etc.)

•	 Smoking
•	 Insufficient bone supply and
•	 unfavorable conditions for bone augmenta-

tion Implant treatment does not provide 
advantages compared to conservative treat-
ment or no treatment (from patients point of 
view)

Temporary medical 
contraindications for 
oral implant treatment 
that will lead to the 
patient’s temporary 
postponement by the 
treatment provider

•	 Implant treatment does not provide advan-
tages compared to conservative treatment 
or no treatment (from patients point of view)

•	 IV bisphosphonate treatment Periodontal 
infections, IV bisphosphonate treatment cysts 
in the bone, infections in the bone, recent 
radiation therapy

•	 Swellings

IV Bisphosphonate 
treatment, recent radi-
ation therapy Implant 
treatment does not 
provide advantages 
compared to conser-
vative treatment or 
no treatment (from 
patients point of view)

Reasons for  the pa-
tient’s refusal to un-
dergo oral implant 
treatment

•	 Long duration of treatment hight costs of 
implant treatment

•	 The risks associated with bone augmenta-
tion

•	 Additional costs of bone augmentation 

•	 Fear of repeated pain

•	 Unwillingness to wear an intermediate 
removable denture or to be without teeth 
for some time.

•	 Fear of experiencing

•	 Periimplantitis which will lead to pain, 
infections and eventually to loss of large 
amounts of bone and the implants

Despite the compara-
tively lower treatment 
costs, some patients 
will postpone or forgo 
treatment for financial 
reasons
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4. Conclusion
It can be concluded that the inclusion of 
the rules given through the ITT principle is 
a crucial step to come to realistic judg-
ments about a treatment’s effectiveness 
and its applicability on the general pop-
ulation. The application of this principle 
has been neglected since the beginning 
of scientific publishing in the field of oral 
implantology. Due to this, all publications 
as well as the marketing of big and influ-
ential manufacturers, but also the teach-
ing of the universities have provided an 
extremely untrue picture of the results 
of different treatment methods applica-
tions in oral implantology. 

Hence, all presently available articles in 
the field of oral implantology are of se-
verely reduced relevance, as they do not 
report outcomes of all patients but only 
those who underwent the treatment. Un-
fortunately, considering close to 100% of 
the available data that was collected 
and reported in the field of conventional 
OI implantology is of minor relevance, 
because each patient case was care-
fully selected for treatment. This explains 
why university studies yield excellent re-
sults, whereas the practitioners who later 

buy and use the device will use a differ-
ent set of inclusion criteria, because for 
financial reasons they are tempted to 
apply the devices on all of their patients 
and their results will therefore differ signifi-
cantly from the university study. 

Published results about success rates 
from clinics that do not obey the ITT prin-
ciples cannot be compared to results 
from clinics that openly and meticulously 
include data of non-treated patients into 
their statistics, because such publications 
show what the team and the technol-
ogy together may achieve. Neglecting 
the ITT principle seems to have become 
the standard procedure in the field of 
scientific reporting in conventional OI im-
plants. This reduces the scientific value of 
such publications significantly. 

Clinicians, institutions, and policy makers 
use results from randomized controlled 
trials or cohort studies to make decisions 
regarding therapeutic interventions for 
their patients and populations. Knowing 
the applicability and the effect that an 
intervention has on patients in clinical tri-
als is crucial for making decisions for indi-
vidual patients as well 
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population-oriented decisions. Published 
studies that do not respect the ITT prin-
ciple are in general of no value for the 
aforementioned deciders when it comes 
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