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AHHOTALNA

06ocHoeaHue. CoBpeMeHHasi MOfENb 3[paBOOXPaHEHUS TPebyeT M3MEHEHWUs! NapajurMbl MBbILLIEHNS PYKOBOLUTENEN
30paBO0OXPaHEHUs, Bpayei U NauneHToB. lepcoHanvavpoBaHHbIA NOAX0L, BbIABNIEHWE 3TMONATOreHe3a 3abosieBaHuii U Npo-
dunakTiKa Ntoboro poga nNaTonorMim — cnaraemble YCNeLwHoro U Ka4ecTBEHHOr0 OKa3aHUs MeMLMHCKOW NOMOLLM B HaLlew
cTpaHe. Ctomatonorus — Ta oTpacsb, B KoTopoi 3[1-MeauumHa (podmnakTuyeckas, NpeBeHTUBHaS, NepCoHaNU3NpOBaH-
Hasl) ABNSAETCA HEOTLEMIEMOM YaCcTbio JieyeHUs naumeHToB. OQHONM M3 BaKHbIX 3af4ay COBPEMEHHOW LMdpOBOK CTOMATO-
NOTWM NpeLCTaBNIAETCA MOMCK MOKa3aTesiel, KoTopble M03BONMIM Obl NPOrHO3MPOBaTL Pa3BUTME OCNOXHEHWI [eHTasNbHOM
uMnnaHTauuu. PelleHnem 3To NpobnieMbl MOXET CTaTb CO3A4aHWE CUCTEMbI MOLAEPHKW MPUHATUA BpayebHbIX peLLeHuH,
Mo3BOJISIOLLLEN NMPEeLCKa3aTh UCX0S, 0 NPOBEAEHNUS UMMIAHTALMN.

Llenb uccnedoearus — BbIABUTL CTATUCTUYECKM 3HAUUMble NPEAMKTOPLI PUCKA paHHEro (40 6 Mec) OTTOPXKeHUA 3yBHOro
MMNMaHTaTa 3a CYET NPUMEHEHNS NepapXuyeckux baecoBCKUX Mofieneii aHanu3a BbIXKMBAaeEMOCTM!.

Mamepuanelr u Memodsl. B kayecTBe HdoOpMaLmoHHOM Ba3bl paccMaTpuBanuch cobpaHHble PETPOCMEKTUBHO AaHHbIE
naumeHToB, KoTopbiM B nepuog ¢ 2013 no 2022 rop 6biny ycTaHoBMEHbl 3ybHble MMNMaHTaThl. [JaHHble chOpMUPOBaHbI
Ha 0CHOBE pe3ynbTaToB MHOMOLEHTPOBbIX 06CNeA0BaHNM, NONYYEHHbIX U3 LIEHTPOB AeHTaNbHOM MMnnaHTonorum Ctasponons,
Mockabl, lleHsbl. 0bLiee konuyecTBo HabnoaeHuit coctaBuno 1472 cnyyas. B KayecTBe KaHAMAATOB Ha NMPeAUKTOPbI pUC-
Ka paccMaTpuBau rpynny onpefenéHHbIX haKTopoB, a B Ka4ecTBe MOJEM BbISBNIEHWS NPeAYKTOPOB PUCKA MCMOMb30Basy
DaliecoBcKyto nepapxuyeckyto Mofenb Kokca (Gsslasso Cox).

Pesynemamei. Mocne cbopa HeobxoaUMoi MHDOPMaLMK HA OCHOBE PETPOCTEKTUBHOIO aHaNN3a, 0TCEBA HEMOJHbIX U He-
KaueCTBEHHbIX AaHHbIX 00WMii 06bEM 6a3bl cocTaBun 39 nepeMeHHbIX (hakTopoB) no 1472 HabnopeHWsM (MMNaHTaTaM).
B pe3ynbTate MynbTUBapMaHTHOrO aHanW3a noay4Yunm clesyoLlme NpeAuKTOpbl PUCKa PaHHEr0 OTTOPKEHMUS 3yBHOro UMMNaH-
TaTa: Myxckoi non (HR=2,388; 95% Cl: 1,345-4,240; p=0,003), Bo3pacT Ha MoMeHT uMnianTaumu, net (HR=1,034; 95% Cl:
1,008-1,041; p=0,011), rurvuena nonoctu pta (MHaekc Cunnec-Jloy) (HR=2,439; 95% Cl: 1,205-4,701; p=0,051), Hanuume
octeonoposa (HR=5,512; 95% Cl: 3,684-8,248; p <0,001), wmpuHa Koctn B MunammeTpax (HR=0,823; 95% Cl: 0,716-0,944;
p=0,006), Tvn aHecte3mu (MecTHas) (HR=0,469; 95% Cl: 0,234-0,944; p=0,034), nokanu3osaHbiii napofoHTUT (HR=2,024;
95% Cl: 1,452-2,821; p=0,039), Hu3kuit decToHyaThIn, ToNCTbIA 6uotun pecHel (HR=0,485; 95% CI: 0,358—-0,658; p=0,0104).

3aknwoyenue. MNpoBefEHHOE MCCNE0BaHME MOKA3blBAET BO3MOXHOCTb BbISIBNEHWS MPELUKTOPOB PUCKA OTTOPIKEHUS
3yOHOro MMNNaHTaTa OTAEeMbHO B paHHEM MOC/eonepaLMoHHOM nepuoge (40 6 Mec) 3a CYET NPUMEHEHUS MePapXUYECKMX
bailecoBCKMX MoJeneil aHanM3a BbIKMBAEMOCTH, TaK KaK B 3TOM NEPUOAE BbISBNSAIOTCA NPeAMKTOPbI PUCKA, OT/IMYHBIE OT Npe-
AVKTOPOB PUCKa OTTOpXKEHUs MMNiaHTaTa B boniee 0TAaNEHHOM nepuoge.

KnioueBble cnoBa: npodmnakTuyeckas, NpeBEHTUBHAS, NEPCOHaNU3UpoBaHHas MeAuuUMHa; 3M1-MefuunHa; feHTanbHble
WMMIaHTaTbl; CUCTEMA NOALEPIKKM NPUHATUSA BpauebHbIX pelemii; CMTNBP; oTTopxeH1e UMMaHTaToB; NPeAUKTOPbI pUC-
Ka; My/IbTMBApPUaHTHbIN aHaNu3.
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ABSTRACT

BACKGROUND: The modern model of healthcare requires a paradigm shift in the thinking of healthcare managers, doctors,
and patients. A personalized approach, identification of possible causes of diseases, and prevention of pathologies are
the components of successful and quality healthcare delivery in our country. Dentistry is a field in which preventive, prophylactic,
and personalized medicine is an integral part of patient care. One of the important tasks of modern digital dentistry is to find
indicators that allow for predicting dental implant complications. The solution to this problem could be the creation of a medical
decision support system that allows predicting outcomes before implant surgery.

AIMS: To reliably identify predictors of early (up to 6 months) risk of dental implant rejection by applying hierarchical
Bayesian survival analysis models.

METHODS: Data collected retrospectively for patients who underwent dental implant placement between 2013 and
2022 were considered information bases. Data were generated from multicenter surveys conducted in dental implant centers
in Stavropol, Moscow, and Penza. The total number of observed cases was 1472. A group of defined factors was considered
candidate risk predictors, and the Bayesian hierarchical Cox model (Gsslasso Cox) was used to identify risk predictors.

RESULTS: After retrospective analysis of the collected data and screening out incomplete and poor-quality information,
the database included a total of 39 variables (factors) for 1472 observations (implants). The multivariate analysis yielded
the following predictors of risk of early dental implant rejection: male sex (hazard ratio [HR] 2.388, 95% confidence interval [Cl]
1.345; 4.240, p=0.003), age at implantation (years; HR1.034, 95% Cl 1.008—1.041, p=0.011), oral hygiene (Silnes—Low index;
HR 2.439, 95% Cl 1.205-4.701, p=0.051), osteoporosis (HR 5.512, 95% CI 3.684-8.248, p <0.001), bone width (mm; HR 0.823,
95% CI 0.716-0.944, p=0.006), anesthetic type (local; HR 0.469, 95% Cl 0.234-0.944, p=0.034), localized periodontitis
(HR 2.024, 95% Cl 1.452-2.821, p=0.039), and low-festooned, thick gingiva (HR=0.485; 95% Cl: 0.358—-0.658; p=0.0104).

CONCLUSIONS: This study shows that predictors of risk of dental implant rejection can be identified separately in the early
postoperative period (up to 6 months) by using hierarchical Bayesian survival analysis models, and risk predictors different
from those in the longer term are identified in this period.

Keywords: preventive, prophylactic, personalised medicine; 3P medicine; dental implants; decision support system; DSS;
implant rejection; risk predictors; multivariate analysis.
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BACKGROUND

One of the important tasks of modern digital dentistry is
to find indicators that allow predicting the development of
dental implant complications [1]. According to studies, the
percentage of biological complications in implant treatment
leading to implant rejection is quite high, ranging from 2 to
5% of removed implants in the first year of treatment [2]. The
solution to this problem could be the creation of a medical
decision support system to predict the outcome prior to
implantation surgery. Such a system should be based on an
adequate model that takes into account the many influencing
factors on possible adverse outcomes. However, there are
currently no multicentre studies in Russia analysing all the key
factors (somatic, biological, anatomical, technical, medical)
that influence the osseointegration of dental implants. This
means that there is currently no unified protocol for taking
into account the factors affecting engraftment, combined with
a methodology for early risk assessment of complications,
monitoring of osseointegration processes and control of
functional load. Implant rejection in the early loading period,
during the first 3 years, is usually the result of biological
complications due to underestimation of general and local
risk factors at the surgical planning stage. Globally, there
are studies that have attempted to identify predictors
of implant repair risk in the early postoperative period
(up to 6 months). The vast majority of these studies use non-
parametric statistical analysis, or classical statistical models.
For example, Nathalia de Faria Schimunda et al. (2021) [3]
applied Kruskal-Wallis tests to estimate differences between
groups and tested a number of hypotheses using correlation
analysis. Feher B. et al. (2020) [4] evaluated linear regression
using the LASSO method on data from 2413 implantation
cases. This study has a significant drawback, as the
method does not allow for time-dependent covariates (risk
predictors), which may affect unbiased estimates. However,
due to the widespread use of machine learning algorithms,
there have been a number of studies using these approaches
to estimate the probability of implant rejection. For example,
in Liu C.H. et al. (2018) [5] uses a large set of machine learning
tools, such as decision tree, support vector machine, naive
Bayesian classifier, to estimate the probability of implant
rejection. Chiang H.J. et al. (2013) [6] applied a decision tree
algorithm, which allows us to rank factors according to the
significance of their influence on the final implant outcome.
The study conducted by Vysotskaya E.V. et al. (2018) [7] relies
on the application of logistic regression to estimate the
prediction of implant rejection: the authors claim a prediction
accuracy of 96%, but this figure was obtained by them on the
entire sample involved in model training, which means there
was no confirmation of the claimed prediction accuracy in
blind validation, which does not exclude model overtraining.
The work of Chinese colleagues Yang Y. et al. (2021) [8]
investigates early risk factors for implant loss using a logistic
regression model trained on a sample of 2053 implants.
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In a study by Ha S.R. et al. (2018) [9] applied two machine
learning tools to estimate the prediction regarding implant
osseointegration: a support vector machine and a decision
tree. In a sample of 667 implant cases, both algorithms
produced similar results. A significant disadvantage of all
the above studies is that they attempt to predict the loss of
the implant, but each patient may have an individual period
from implantation to loss, and the length of this period may
be affected by various factors, and it cannot be excluded that
these factors may themselves be time dependent. Survival
analysis models [10] use the period from the start of follow-
up to the time at which the (usually adverse) event occurred
as the output (target) variable. A special advantage of these
models is their interpretability due to the calculation of the
risk ratio that an adverse event will occur. There is work by
Moayeri R.S. et al. (2016) [11] that estimates the prediction
of implant engraftment survival up to one year using one of
the survival analysis models, namely the Cox proportional
hazards model. Despite the obvious advantages of these
models, their accuracy has not been great up to a certain
point. The main problem with these models, particularly
the Cox model, is that the condition of proportional risk
must be satisfied, and the bias in the estimates of model
coefficients can be derived from the correlation of risk
predictors with each other. These problems can be solved by
applying a hierarchical Bayesian estimation approach to the
parameterisation of the survival model [12].

The aim of the study is to reliably identify predictors of
early (up to 6 months) dental implant rejection by applying
hierarchical Bayesian survival analysis models.

METHODS

Data collected retrospectively for patients who underwent
dental implants between 2013 and 2022 were considered
as an information base. The data were generated from
multicentre surveys from dental implant centres in Stavropol,
Moscow and Penza. The total number of cases was 1,472,
with 52 cases (3.5%) of rejection after implant placement
within 6 months.

The following group of factors were considered as
candidates for risk predictors: demographics (gender and
age of the patient), presence of periodontal disease, gingival
biotype, bone density, width and height, history of implants,
status of the adjacent medial tooth, time of placement after
tooth extraction, oral hygiene, degree of alveolar ridge, load
and type of anaesthetic.

A Bayesian hierarchical Cox model was used as a model
for identifying risk predictors (Gsslasso Cox), taking the
following form:

h(t|x) = exp (xB) hy (D),

where B is a vector of regression coefficients for predictor
variables of implant rejection risk, x — vector of explanatory
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risk factors (risk predictors), and hy(f) — baseline implant
rejection risk function, t — time.

In the classical Cox model, however, the logarithmic
partial likelihood function must be maximised in order to
calculated:

LL@) = {”Mdi log (exp (x;B) / Zl..eR(t_) exp (x; B)),

where R(t) — the set of indices of patients who are under
observation but have not yet had a case of implant rejection
by the i-th point in time, d; — a censored variable with zero.

But for correlated or multivariate data, Bayesian
hierarchical modelling using a double exponential a priori
distribution over the coefficients is used:

Bily; So. 51~ de(@,(1=y)sy+y;s) =
=1/((0=y)sg+y;sp) exp(=(IB;[) / (1 = y)sg +y;5)),

where s;, 5; — scale parameters (y) is the indicator variable.

Cox's Bayesian hierarchical model relates the level of
risk for individual patients to the value of the rejection risk
predictor x; with the baseline risk level. The results of the
implant rejection modelling were therefore interpreted on the
basis of the risk ratio:

HR (x) = h(t]x) / hy(t) = exp (x; ).

The model is based on the assumption that the underlying
implant rejection risk function depends on time t, but the
predictors are not time dependent. This assumption is also
called the proportional risk assumption, which says that the
ratio of risks of implant reparation does not change over time
for each patient.

The primary data analysis was performed by comparing
the rates for the group of patients who did not experience
implant rejection within 6 months and the group of patients
who did. Comparisons for continuous features were
performed by testing the null hypothesis of no difference
using the Wald-Wolfowitz test, for the null hypothesis of no
difference in the frequency of nominal features using the ¥
criterion with plausibility adjustments. The choice in favour
of using appropriate hypotheses is related to the strong
difference between groups in the number of observations,
differences were considered proven at p <0.05.

In addition, single-factor (univariate) models, in which only
one factor of the possible risk of implant rejection was taken into
account, were constructed to preliminarily analyse the selection
of predictors of implant reparation risk. Based on this analysis,
risk predictors with a significance of p <0.05 were identified.

A generalised model was then constructed for the selected
statistically significant features in the univariate analysis, and
a 95% confidence interval was calculated for each odds ratio
risk factor. The following quality metrics were examined for
the model, suggesting the model’s predictive value:
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1) Measure of explained randomness (MER). The measure
of explained randomness [13] is calculated using the
following formula:

R,..=1—-exp((2/m)Ly-L,),

where L, and L, are the values of the likelihood function

for the null and saturated models, and m is the number of

observed events.

2) Measure of explained variation (MEV). The measure of
explained variation is calculated using the following
formula:

Rzmevz Rzmer / (Rzmer +1/6 (1 - Rzmer) )v

and also used Harel's concordance index. The predictive
power of a survival model is said to be high if the quality
metrics are close to 1.

Ethical review

According to the data of ethical expertise and the extract
from the protocol of local ethical committee of FSBEI HE
“Stavropol State Medical University” of the Ministry of
Healthcare of the Russian Federation N 117 from 20.03.2023
a decision to adopt a positive ethical opinion on the approval
of this scientific article was made.

RESULTS

After collecting all necessary information based on
retrospective analysis since 2013, screening out incomplete
and poor-quality information, the total database was
39 variables (factors) for 1472 observations (implants).
The selection of potential risk factors was based on the
experience of surgical specialists and the analysed literature
on the topic. In 52 cases, implant rejection was observed
up to 6 months after surgery. Table 1 compares the results
of two groups; the group of implants for which no rejection
event occurred (n=1420) and the group of implants for which
this event occurred (n=52). Medians (Me) and first and
third quartiles (@;; @,) are shown for continuous features,
frequency incidence and relative frequency in %, p-value for
frequency features was calculated with the y2 likelihood-
adjusted criterion, and for continuous features with the Wald-
Wolfowitz test. Osteoporosis was identified as local based
on CBCT data, with bone density D4 (HU 400-600) and D5
(below HU 400) being osteoporotic. This study also correlated
the form of periodontitis (gingivitis as inflammation of the
periodontal gingival complex and periodontitis as involvement
of the entire complex) and the extent of the process (local or
generalised). Since three postoperative management options
were used; placing an end cap (mostly low risk), placing a
shaper (medium risk), and placing a temporary crown (high
risk), each option was investigated separately for potential
risk factors.
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Table 1. Results of a comparison of two groups of implants that rejected and for which no rejection event occurred
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Group of implants
without rejection

Group of implants with
rejection occurred

Risk factors for implant rejection before 6 months (n=1420) in 6 months (n=52) p-level
Me (@;; @5) or frequency (%)

Age at the time of implantation, years 50.9 (44.1; 57.8) 53.2 (44.5; 59.9) =0.075
Patient gender (female/male) 862/558 29/23 =0.478
Oral hygiene (Silnes-Loe index) 4 (4; 5) 5 (4; 5) =0.076
Bone width, in mm 6.0(5.0;72) 5.0 (4.05; 7.0) =0.036*
Bone height, in mm 11.1 (10.0; 13.6) 12.0 (10.0; 15.3) =0.024*
Height of keratinised gingiva in mm 2(2:3) 2(2:2) =0.112
Presence of diabetes mellitus 6 (0.4%) 0 (0%) =0.996
The presence of osteoporosis 596 (42.0%) 17 (32.7%) =0.177
Bruxism 218 (15.4%) 7 (13.5%) =0.706
Generalised gingivitis 95 (6.7%) 1(1.9%) =0.113
Generalised periodontitis 416 (29.3%) 18 (34.6%) =0.416
Localised gingivitis 291 (20.5%) 7 (13.5%) =0.535
Localised periodontitis 65 (4.6%) 5 (9.6%) =0.062
Gingiva biotype — high festooned, thin 311 (21.9%) 16 (30.8%) =0.146
Gingiva biotype — low festooned, thick 56 (3.9%) 6 (11.5%) =0.025*
Gingival biotype — medium festooned, moderately thick 1053 (74.2%) 30 (57.7%) =0.012*
Alveolar ridge — stage | atrophy, width 6.0 mm or more 525 (37%) 17 (32.7%) =0.520
Alveolar ridge — grade Il atrophy, width 4.0 to 6.0 mm 718 (50.6%) 21 (40.4%) =0.149
Alveolar ridge — grade Il atrophy, width 3.0 to 4.0 mm 152 (10.7%) 12 (23.1%) =0.013*
Alveolar ridge — stage IV atrophy, width 3.0 mm 12 (0.8%) 1(1.9%) =0.478
Alveolar ridge — V stage atrophy no AH 13 (0.9%) 1(1.9%) =0.517
Radiological bone density D1 53 (3.7%) 6 (11.5%) =0.020*
Radiological bone density D2 468 (33%) 22 (42.3%) =0.168
Radiological bone density D3 597 (42%) 17 (32.8%) =0.174
Radiological bone density D4 277 (19.5%) 6 (11.5%) =0.129
Radiological bone density D5 25 (1.8%) 1(1.9%) =0.932
Missing adjacent medial tooth 435 (30.6%) 18 (34.5%) =0.546
Healthy adjacent medial tooth 216 (15.2%) 6 (11.5%) =0.452
Crown on adjacent medial tooth 231 (16.3%) 8 (15.4%) =0.862
Immediate placement after tooth extraction 80 (5.6%) 7 (13.5%) =0.041*
Early setting (4 to 8 weeks) after tooth extraction 46 (3.2%) 1(1.9%) =0.569
Delayed placement (12 to 16 weeks) after tooth extraction 251 (17.7%) 17 (32.7%) =0.011*
Use of local anaesthesia with sedation 57 (6%) 10 (19.2%) <0.0071%**
Temporary crown 6 (0.6%) 0 (0%) =0.524
Installing a plug 1159 (8%) 43 (82.7%) =0.844
Installing the shaper 142 (10%) 9 (17.3%) =0.116
Immediate loading with a prosthodontic structure (within 48 hours) 28 (2%) 5 (9.6%) =0.006**
Traditional prosthodontic loading (3 to 6 months) 1045 (73.6%) 4 (7.7%) <0.001***
Previous oral implant treatment: Biological complications 71 (5%) 7 (13.5%) -0.023*

from 1 to 5 years

* kk kkk
’
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— statistical significance of differences in coefficients from zero at p <0.05, p <0.01 and p <0.001, respectively.
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As can be seen from the comparison results in the groups,
statistically significant differences at p <0.05 are observed for
the following factors: presence of a biological complication
from 1 to 5 years of previous oral implant treatment, loading
options (immediate and traditional), use of local anaesthesia
with sedation, bone width and height, gingival biotype,
stage Il alveolar ridge atrophy, radiological bone density D1,
immediate and delayed placement of implants after tooth
extraction. At the p <0.1 level, differences in the following

Yol. 29 (3) 2023

Medical Journal of the Russian Federation, Russian Journal

factors were significant: age at implantation, presence of
localised periodontitis and oral hygiene score (Silnes-Loe
hygiene index). Univariate Cox models were also built with
the selected factors, potential candidates for predictors of
implant rejection risk, the results of which are summarised
in Table 2. The table shows the coefficient for a given trait,
the risk ratio (HR) calculated on its basis by potentiation,
the standard error of the coefficient, and the corresponding
p-value of the error of rejection of the null hypothesis that

Table 2. Results of estimated predictors of implant rejection risk derived from univariate Cox models

Acknowledgement Factor Risk attitude, Stand. p-level
HR error

Age at the time of implantation, years 0.026 1.026 0.015 0.078
Patient gender (female/male) 0.178 1.194 0.281 0.527
Oral hygiene (Silnes-Loe index) 0.400 1.492 0.238 0.092
Bone width, in mm -0.235 0.790 0.089 0.008**
Bone height, in mm 0.087 1.09 0.032 0.007**
Height of keratinised gingiva in mm -0.508 0.602 0.347 0.143
The presence of osteoporosis 0.500 1.649 0.296 0.09
Bruxism -0.634 0.530 0.407 0.119
Generalised periodontitis 0.923 2.517 1.027 0.369
Localised gingivitis 2123 8.354 1.071 0.047*
Localised periodontitis 1.947 7009 1.096 0.076
Gingiva biotype — high festooned, thin gingiva biotype 1.267 3.549 0.447 0.005**
Gingiva biotype — low festooned, thick gingiva biotype -0.577 0.561 0.309 0.062
Gingival biotype — medium festooned, moderately thick gingival biotype 0.577 1.781 0.309 0.063
Alveolar ridge — Stage | atrophy, width 6.0 mm or more -0.175 0.839 1.029 0.865
Alveolar ridge — atrophy stage I, width 4.0 to 6.0 mm -0.356 0.701 1.024 0.728
Alveolar ridge — atrophy stage lll, width 3.0 to 4.0 mm 0.366 1.443 0.178 0.045*
Radiological bone density D1 -0.060 0.942 1.081 0.956
Radiological bone density D2 -0.856 0.425 0.461 0.063
Radiological bone density D3 -1.349 0.259 0.475 0.005**
Radiological bone density D4 -1.619 0.198 0.578 0.005**
Missing adjacent medial tooth -0.549 0.578 0.350 0.117
Healthy adjacent medial tooth 0.522 1.686 0.306 0.088
Crown on adjacent medial tooth -0.946 0.388 0.483 0.050%
Immediate placement after tooth extraction 1.029 2.700 0.421 0.010*
Delayed placement (12 to 16 weeks) after tooth extraction 0.788 2.201 0.301 0.011*
Use of local anaesthesia with sedation 1.5063 45099 0.3519 <0.001***
Installing a plug -0.492 0.612 0.386 0.202
Installing the shaper -0.725 0.484 0.733 0.323
Immediate loading with a prosthodontic structure (within 48 hours) 20.66 94200000 0.67 <0.001***
Traditional prosthodontic loading (3 to 6 months) 17.08 26280000 0.67 <0.001***
Previous oral implant treatment: 1.9765 35842 04113 0,002

Biological complications from 1 to 5 years

* *% *k%

, ¥, ¥** — statistical significance of differences in coefficients from zero at p <0.05, p <0.01 and p <0.001, respectively.
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the coefficient estimate is equal to zero. It should be noted
that univariate models were not constructed for the factors
diabetes mellitus, presence of generalised gingivitis, presence
of IV and V stages of alveolar ridge atrophy, radiological bone
density D5, fact of early implant placement (4 to 8 weeks)
after dental extraction and presence of a temporary crown
after implantation, due to the absence or very rare occurrence
(1 time) of this factor in one group.

As shown in Table 2, there is an isolated statistically
significant effect, at p <0.05, of increasing the likelihood of
implant rejection up to 6 months postoperatively:

« the presence of a hiological complication from 1 to

5 years after previous oral implant treatment,

« traditional prosthodontic loading (3 to 6 months),
» immediate loading with a prosthodontic structure (within

48 hours),

« the use of local anaesthesia with sedation,

o |mmediate placement of an implant after a tooth
extraction,

» Delayed placement of an implant (12 to 16 weeks) after

a tooth extraction,

« Stage Il atrophy, when the width of the alveolar ridge is

between 3.0 and 4.0 mm,

« high festooned, thin gum biotype,
« the presence of localised gingivitis,
« high bone height.

The presence of a healthy adjacent medial tooth, the
presence of osteoporosis, the patient’s age, and oral hygiene
have a quasi-significant positive effect (at p <0.1) on
increasing the risk of implant loss. Bone width, presence of
a crown on the neighboring medial tooth, radiological bone
density D3 and D4, low festooned, thick gingival biotype have
a significant isolated effect (at p <0.05) on the reduction of the
risk of implant rejection (at p <0.1).

Based on the identification of significant factors
influencing the risk of implant loss up to 6 months after

Yol. 29 (3) 2023

Medical Journal of the Russian Federation, Russian Journal

implant treatment, a multivariate Bayesian hierarchical Cox
model (Gsslasso Cox) was constructed, insignificant features
(p >0.05) were discarded when constructing the model.
The results are summarised in Table 3, which shows the
coefficient at feature, risk ratio HR, confidence interval (CI)
at 95% confidence level for the risk ratio, and p-value. The
estimation quality of the resulting model is high: CIH=0.899,
R?_.=0.91, R, =0.94.

mer mev

DISCUSSION

The simulations showed that male gender averaged
2.4-fold (HR=2.39; CI=(1.35-4.24)) increased the risk of
implant loss up to 6 months after implant placement. Similar
results were obtained by other researchers: in Hasegawa T.
et al. (2022) [14] the risk ratio is even higher HR=6.22; in
Compton S.M. et al. (2017) [15] considered female gender as
a risk predictor, which in contrast almost halved the risk of
implant rejection (HR=0.5; C/=(0.48-0.53)). Increasing age by
one year increased the risk ratio by a factor of 1.034 (HR=1.034;
Cl=(1.0081.041)). Neves J. et al. (2018) [16] has also shown
that patient age over 40 years increases the risk (OR=2.63)
and Takamoli J. et al. (2021) [17] shows that patient age over
55 years at the time of implant placement, is a predictor of
even higher risk of implant loss (OR=4.05; C/=(2.15-12.25)).

Notably, in the multivariate model, periodontal
inflammatory disease (PID) was not significantly associated
with implant loss up to 6 months postoperatively. Similar
results were obtained by Derks J. et al. (2015) [18]. A number
of studies have shown that PID affects the outcome of
implant loss, but only in the late period, Vercruyssen M. et al.
(2010) [191, 50 months after implant placement, Levin L. et al.
(2011) [201]. In another study by Compton S.M. et al. (2017) [15]
showed that generalised periodontitis is a predictor of high
risk of implant loss (HR=2.53; C/=(2.37-2.71)), but this study
only studied patients over the age of 60.

Table 3. Results of an assessment of predictors of implant loss risk based on a multifactorial Bayesian hierarchical Cox model

(Gsslasso Cox)

Acknowledgement Factor Risk aHtgtude, Cl for HR (95%) p-level
Gender/masculine 0.870 2.388 1.345-4.240 0.0029**
Age at the time of implantation, years 0.034 1.034 1.008-1.041 0.0111*
Oral hygiene (Silnes-Loe index) 0.891 2.439 1.205-4.701 0.05M
The presence of osteoporosis 1.707 5.512 3.684-8.248 <0.001***
Bone width, in mm -0.195 0.823 0.716-0.946 0.0061**
Type of anaesthesia (local) -0.756 0.469 0.234-0.944 0.0339*
Localised periodontitis 0.705 2.024 1.452-2.821 0.0391*
Low festooned, thick gum biotype -0.723 0.485 0.358-0.658 0.0104*
CIH (Harel index) = 0.899 Rz =091 R?,..,~0.94

mer

* *% *k%
’ '
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The oral hygiene index (Silnes-Loe) is a statistically
significant factor that more than doubles the risk (HR=2.44,
CI=(1.21-4.70). These findings are in agreement with those
of Takamoli J. et al. (2021) [17], who reported that an oral
plaque score of more than 20% increased the odds ratio for
implant rejection by a factor of 20 (OR=20.21; Cl=(5.2-50.98)),
as well as those of Romandini M. et al. (2021) [21], who
reported the presence of plaque (OR=3.49; Cl=(1.13-10.75)).
In the univariate modelling phase, we showed that bruxism
has no effect on the risk of early implant rejection; the same
results were obtained in the Manor Y. et al. study (2009) [22].

This study showed that the presence of osteoporosis
significantly increased the risk of implant repair (HR=5.51;
Cl=(3.68-8.25)). In contrast, Carr A.B. et al. (2019) [23] did
not associate this factor with the risk of implant loss in the
first year. However, Boboeva 0. et al. (2021) [24] showed
that osteoporosis was associated with risk (HR=6.63) only
in older patients. Indirectly, our findings are supported by the
fact that in the univariate models we assessed, radiological
bone density classes D3 and D& significantly reduced the
risk of implant rejection. Similar results were obtained by
Malm M.0. et al. (2021) [25] — also in a univariate analysis
only, pronounced bone resorption significantly increases the
risk of implant loss (OR=9.07; C/=(3.57, 23.01)). Alsaadi et al.
(2008) [26] reached the same conclusions — bone density D2
increases the risk compared to class Da4.

A factor of greater bone width than the population average
is a predictor of reduced risk of early implant rejection
(HR=0.823; CI=(0.716-0.946)). In the univariate analysis,
greater bone height was also found to be a significant predictor
of increased risk. An analysis of the sources showed that the
vast majority of them did not look at the jaw width and height
of the patient, but at the associated features, such as implant
length and diameter. For example, Krisam J. et al. (2019) [27]
showed that implant length >10 mm is a statistically significant
factor (p=0.01) increasing the risk, while Hasegawa T. et al.
(2022) [14] found that narrow implants (<3.3 mm) increase the
risk of rejection up to 10 years (HR=3.86).

Having a low festooned, thick gingiva biotype reduced
the risk of implant loss by almost half (HR=0.485;
Cl1=(0.358-0.658)). The soft tissue thickness factor of the
gingiva is often investigated as a possible predictor of the
risk of adverse events after implantation. For example,
a meta-analysis conducted by Suarez-Lapez del Amo F. et al.
(2016) [28], based on 8 studies, showed that there was
statistically less (p <0.0001) marginal bone loss around the
implant for patient groups with thick periodontal tissue.

It is noteworthy that local anaesthesia at implantation was a
favourable factor for the outcome compared to local anaesthesia
with sedation (HR=1.506). In the univariate model, the fact of
local anaesthesia with sedation increased the risk of implant
loss by more than 1.5 times (HR=0.469; CI=(0.234-0.944)).
There is currently no protocol for choosing between local
anaesthesia and sedation anaesthesia, and the choice may
be forced if the clinic does not have a license for sedation
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anaesthesia or no anaesthesiologist on staff. Otherwise,
the physician will generally advise the patient to choose
anaesthesia with sedation if the surgery is to be extended
in time and in terms of the procedures to be performed
(e.g., the placement of several implants at once). The use of local
anaesthesia with sedation may thus correlate with the timing of
the surgical procedure, and the extension of time is generally
more important in complicated cases, which may affect the
prognosis for the success of the implant treatment. The result
is controversial and requires a separate additional study, which
the authors plan to perform on an extended data set.

CONCLUSION

This study shows the feasibility of developing separate
models for dental implant rejection in the early postoperative
period (up to 6 months), as risk predictors different from those
in the longer term are identified in this period. An adequate
model (in terms of quality metrics) can serve as a risk
stratification prior to surgical intervention and thus form the
basis for a decision support system that is personal to each
patient. The study identified the most significant risk factors
for implant loss, such as male gender, advanced age, high oral
hygiene index (SilnesLow), the presence of osteoporosis, and
the presence of localised periodontitis. Factors that significantly
reduced the risk of implant reparation were also identified:
large bone width, low festoon, thick gingival biotype, use of
local anaesthesia during implantation. The conclusions drawn
regarding the risk reduction with local anaesthesia versus
sedation are debatable and require a separate additional study,
which the authors plan to perform on an extended data set.
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