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Beenenue. Jlepuut MATKHUX TKaHel BOKPYT MMJIAHTATOB B IMCTAJIBHBIX OT/IENIaX HIKHEH YeTIOCTH OCTAeTCsl 3HAUMMOM
KIMHUYeCcKol mpobnemoii. HecMoTpst Ha To, 4TO cyO3mUTENHANbHbIE COeTUHNTEIbHOTKaHHbIE TpaHcILIanTatel (SCTG)
B COYETaHWH C JeiikonurapHo-TpomoOormTapusiM  ¢udpuHom (L-PRF) mnponemoncTpupoBanu —OGnaronpustHeie
KJIMHUYECKHUE Pe3yNbTaThl, UHANBUIYAIN3UPOBAHHOE MIPOTHO3UPOBAHUE YCIICIIHOCTH JIEUCHUSI OCTAETCSl HEIOCTaTOYHO
N3y4eHHBIM. MeToAbl MalIMHHOIO OOY4YEeHHsI MOT'YT IPEIOCTaBUTh HOBBIE BOSMOXKHOCTH ISl NIEPCOHAIN3UPOBAHHOIO
IUTAHUPOBAHUS JICIEHUSI B UMIIJIAHTOIOT U,

Henp. OueHUTH BOSMOKHOCTH HNPUMEHEHHS METOJOB MAIIMHHOTO OOY4YEeHHs IJIs NPOTHOSHPOBAHHS PE3yIbTaTOB
MEPUUMITIAHTATHON ayrMeHTaumu MArkux TkaHed mocie npumeneHuss SCTG m L-PRFE, a Taxke ompenmenuts
KJIMHUYECKHE IIepeMeHHbIe, Hanboee TECHO CBSI3aHHbIE C YCIEIIHOCThIO JICUCHUSL.

Marepuansl U Metoabl. lccienoBaHue TNpencTaBisieT CO00 BTOPUYHBIN aHAIM3 C HMCIIONB30BAHHEM METO/IOB
MAaIlMHHOIO OOYy4YeHWs, OCHOBAaHHBI HA MJAHHBIX paHEe MPOBEIEHHOr0 PaHIOMHU3UPOBAHHOIO KOHTPOIUPYEMOIO
KIIMHUYECKOro uccnenoBanus. OKoHYaTeIbHbIC JaHHbIE BKIIOYAIN 92 MalMeHToB CIycTs 6 MecsleB HaOIIOACHUS TOCTe
ayrMEeHTAalUH MATKUX TKaHeH, BKiTtouas 47 maruenToB nocie ayrmenTarmu SCTG B couerannu ¢ L-PRF, u 45 narmmenTos
nocne mnepecankd Tonbko SCTG. B aHanm3 ObulM BKIIOYEHBI HCXOIHBIE AeMorpaguveckue, KIMHHYECKHeE,
HMMYHOJIOTHYECKHE U TIOKa3aTeid MATKHX TKaHeW BOKpYr HMIUIaHTaTa. lIporHoctudeckoe MOJEIMPOBaHUE
BBINONHSUIOCH C MCIonb3oBaHueM Python m 6ubnmoreku scikit-learn. Anropurmbl Random Forest u MHorocioitnoro
MepCENTPOHA OLEHUBAINCH C TNPUMEHEHHEM S5-KpaTHOM mepekpecTHOM Banuaanmu. I(GQPEKTHBHOCTh MOJeiei
OLIEHHMBAJIACH MO TTIOKA3aTesIM accuracy, precision, recall u F1-score.

Pesyabrarhl. braronpustHele KIMHHYECKHE PE3YIBTATHI uepe3 6 MecsleB Habmonanuch y 79 namuentos (85,9%), Torna
kaKk y 13 marmmenToB (14,1%) ObuIM BBISBIEHBI CyOONTHMAIbHBIE COCTOSIHHE MSATKUX TKaHEH BOKPYI MMIUIAHTATOB M
screTHdeckue pesynpratel. Knaccugukarop Random Forest nponemoHcTprpoBai Gonee cTabMIbHYIO IPOrHOCTHYECKYIO
3¢ PEKTUBHOCTH TI0 CPABHEHHIO C MOJIENIBI0 MHOTOCIIOWHOTO Tiepcentpona. VcenenoBarenbckas monenb Random Forest
moKasaia cpenHue 3Hadenus accuracy 0,81, precision 0,79, recall 0,77 u Fl-score 0,78 B xoze mporenyp nepexpecTHOH
BaJIMJalMK. AHAJIU3 3HAYMMOCTH MPU3HAKOB IIOKA3all, YTO WCXOAHAs LIMPHHA KePATWHW3UPOBAHHOM TKAaHH, (PEHOTHII
NEePUUMIUIAHTaTHBIX MSTKUX TKaHell W KypeHHe ObUM HamOolee 3HAYUMBIMU IIEPEMEHHBIMH, CBS3aHHBIMH C
pe3yIsTaTaMu JEUEHHUSI.

O6cy:xnenue. [lomydeHHBIE Pe3yNBTaTHl MOATBEP)KIAIOT BAXXHOCTH KEPATHHU3MPOBAHHOW CIHM3UCTON OOOJOYKH IS
CTaOMIBHOCTH NMEPUUMITIAHTATHBIX TKaHeH 1 ncrionp3oBanne SCTG kak mpeackazyeMoro MeTosia ayrMeHTAInH MATKIX
TKaHel. JomomHuTenpHOe mpuMeHeHne L-PRF Moxker ymydmmaTe mocieoneparioHHOE 3a)KHBIEHHE Onaromapsi €ro
peTeHEpaTUBHBIM CBOMCTBaM. AHAIM3 C WCIOIb30BAHHEM METOAOB MAIIMHHOTO OOYyYeHUs MPOXEMOHCTPHPOBAI
MTOTCHIIMATBHYI0O BO3MOKHOCTh HMHIWBHAYAJIM3UPOBAHHOTO MPOTHO3MPOBAHMS pPE3YIBTATOB JICUCHHS HA OCHOBE
MHTETPALNH KIMHIYECKUX 1 OMOIOTHYECKUX MIEPEMEHHBIX B MIMILUTAHTOIOT HH.

3akiiloueHue. AHalM3 C WCHOMB30BAHMEM METONOB MAIIMHHOTO OOYYCHHS HPOAEMOHCTPHPOBAN MOTEHIMAIBHYIO
BO3MOXXHOCTh MHAWBHAYAJIM3UPOBAHHOTO MPOTHO3MPOBAHMS PE3YIHTATOB ayrMEHTAIlMH MSTKHX TKaHEH C MOMOIIBIO
SCTG u L-PRF Bokpyr ummianTtatoB. McxomHble XapakTepUCTUKH MEPUUMILIAHTATHBIX MSTKUX TKaHEH W MAIMeHT-
accOIMMPOBaHHBIE (DAKTOPH! OKA3BIBAIOT BIMSHUE HA ITOCIEONEPAIIMOHHOE 3a’KHBJICHHE M SCTETHYECKHE PE3YNIBTaTHI.
[lomyuenHsle naHHBIE CIIEAYET paccMaTpHBaTh KaK THUIIOTE30-TeHepupylomue. Jias pyTHHHOTO KIMHHYECKOTO
MIPUMEHEHNSI TPOTHOCTUYECKUX MOJENIe MAIIMHHOTO OOy4YeHHs B WMIUIAHTOMIOTMHM HEOOXOIMUMBI JalbHEHIINe
MHOTOLICHTPOBBIE HCCIIEIOBAHMS C Ooiee KPYITHBIMU HE3aBUCUMBIMY BEIOOPKAaMH 1 BHEIITHEH BaJMIAIlHCH.
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KaroueBrnie ciioBa: JACHTAJIbHAA UMIUIAHTAWA, ayTMCHTAlUSA MATKUX TKaHefI, COGZ[I/IHHTGHLHOTK&HHLIfI TPAHCIUIAHTAT,
MAalIuHHOC O6y‘I€HI/I€, MPESANKTUBHOC MOJCIIMPOBAHKC.

SCTG XKOHE L-PRF KOJITAHY APKbUIBI XKYPI'ISUIETIH XX¥MCAK TIHAEPI
AYI'MEHTAIMAIIAY HOTWXEJIEPIH MAIIMHAJIBIK OKBITY HEI'T3IH/IE bOJDKAY

AsxkunbexoB A.C.! , MenunmeBa F0.A.%, Epkn6aeBa K.V. !

IC . Acpenousapos amvinoazel Kazax yummolk MeOuyuHa YHUSEPCUmemi,
Kaszaxcman, Anmamor

Kipicme. TeMeHT1 jXaKThIH JUCTANBIBI OOTIMICPIHACTT MIMIUIAHTATTAp aifHAIACHIHIAFbI )KYMCAK TIHASPIH TANIIbLUIBIFBI
MaHBI3bI KIMHUKAIBIK Mocesie Oonbin Kanma Oepeni. SCTG cy0amuTenuanbapl AOHEKEp TiH TPaHCIUIAHTATTAPhl MEH
nerkoruTapisi-Tpomoorutapinel GuopunHiH (L-PRF) yiineciMi Komaiisl KIMHAKAIBIK HOTHXKEIECP KOPCETKEHIMEH, M
HOTWDKEINIEpiH JKEKEeJeHIIpIIreH Oomkay J>KeTKITIKTI 3epTTesMereH. MalllMHANBIK OKBITY 9/iCTepi MMIUIaHTOIOTHUsIA
eMJIey/li TIepCOHATN3AIMIIaHFaH JKOCTIapIIayIbIH XKaHa MYMKIHIIKTEPiH YChIHA ajaJibl.

Makcatbl. SCTG xone L-PRF KonjganraHHaH KeiiH IEpUMMILIAHTATTHIK JKYMCAK TIHIAEpP ayrMEHTalHSICHIHBIH
HOTIDKEJIEPiH OOMKayma MaIlMHAJIBIK OKBITY QMIICTEPiH KOJNJAHy MYMKIHIITIH Oaranay KoHE €M HOTHXKECIHE €H THIFbI3
0aiJIaHBICTBI KIIMHUKAJIBIK aHBIMAJIbUIAP/bI aHBIKTAY.

Marepuangap MeH daicTep. 3eprTey OypbIH XKYpri3uireH paHJoMU3alysIaHFaH OaKbUIAHATHIH KIMHHUKAIBIK 3€pTTeY
JIepeKTepiHe Heri3/IeNreH MallMHAIBIK OKBITY SJiCTepiH KONAaHAThIH eKIHIIUTIK Tanaay Oonbin Tadbutasl. KopbIThIHbI
JIEpEeKTep JKUBIHTHIFBIHA J)KYMCAK TiHJEp ayrMEHTAlMsIChIHAH KeHiH 6 aijiblK OakbuiaynaH oTkeH 92 MalueHT eHri3ijimui,
onapapiy inmaae 47 namueHT SCTG sxone L-PRF yitnecimimen, an 45 manuent tek SCTG TpaHCIIaHTAIMSICHIMEH
emuenre. Tanaayra Gacrankpl AeMorpadusUIbIK, KITMHUKAIBIK, IMMYHOJIOTHSIJIBIK KOPCETKIIITED, COHIaH-aK UMITaHTaT
allHaNachIHIAFBl JKYMCAaK TiHAEpAIH NapaMmerpriepi eHrizingi. bomkamapik monenbaey Python sxone scikit-learn
KiTanmxaHaChIHBIH KoMeriMeH opbiHaanasl. Random Forest skoHe kenkabaTThl EPCENTPOH aIrOPUTMIEP] 5 ecerlik Kpoce-
BaNMAALMs apKbUIbl Oarananzbl. MozenbaepaiH THIMALIIr accuracy, precision, recall skone Fl-score kepcerkimrepi
OoiibIHIIA OaFaiaH/Ibl.

Haruxenep. 6 aiinbik Oakputaynan keitin 79 narmentre (85,9%) Konaiiibl KIMHUKAIBIK HOTHKeNep Oaiikaiusl, an 13
nanuentre (14,1%) WMIUTaHTAaT alHANACBIHAAFBI JKYMCAK TIHAEPAIH CyOONTHMAIIbl >KaFdaibl )KOHE SCTETHKAIBIK
HoTmkenep aHblkTangpl. Random Forest kmaccuukaTopsl KenkabaTThl MEPCENTPOH MOJENIHE KaparaHaa HEFYpIIbIM
TYpaKThl OOyDKaMIBIK THIMALUTIK kepcerTi. Random Forest 3eprreynik mozeni kpocc-Bajauaanus 60apbiChiHIa accuracy —
0,81, precision — 0,79, recall — 0,77 xone Fl-score — 0,78 oprama kepcerkimrtepiHn kepcerTi. benrinepaix
MaHBI3/IBUIBIFBIH TANAAY KEPATUHICHIeH TIHHIH OacTanKbl eHi, MePUUMILUIAHTATTHIK KYMCAK TiHAEpAiH (eHOTHNI jKoHe
LIBUTBIM IIIETY €M HOTHKEJIePIMEH €H ThIFbI3 OaiIaHBICThI alHBIMAIBLIAP EKeHIH KOPCETTI.

Tankpuiay. AJNBIHFAaH HOTHXKENEp NEPUUMILIAHTATTBHIK TIHIACPIAIH TYPAKTHUIBIFBI YIIIH KEPATHHICHTEH LIBIPBIIITHI
KaOBIKTBIH MaHbBI3IBLUIBIFBIH pacTaiijpl skoHe SCTG-HI xKyMcak TiHIep/i ayrMeHTalusUIayIblH O0KaMIbl 9IiCI peTiHe
komaaiinel. L-PRF KochIMIna KoNgaHy OHBIH pEreHepaTUBTI KACHETTEPiHIH apKaChIHA ONepanusiiaH KeHiHT1 Ka3bLTybl
KaKCapTybl MYMKiH. MalllMHAIBIK OKBITY OJICTepiH KOJJAaHFAaH Tajjay HMIUIAHTOJOTUSAAA KIMHUKAJIBIK >KOHE
OUONOTHSUTBIK  alfHBIMANIBLIAP/ABI  OIPIKTIpYy HETi3iHIE €M HOTIKENEpiH JKeKENCHIIPUIreH OOMDKayIblH oJeyeTTi
MYMKIHIITiH KOPCETTI.

KopbIThIHABI. MammHaNBIK OKBITY 9AIiCTEpiH KOMAaHy apKbUIbl xkyprizimred Tamngay SCTG xone L-PRF kemerimen
MMIUTAaHTATTap afHAIACKIHAAFBI KYMCAK TIHIEp ayTMEHTAIUSICHIHBIH HOTIDKEIEPiH JKeKeIeHAI piireH TypAe OomKayapiH
oJeyeTTi MYMKIHAITIH KepcerTi. [lepunMIUIaHTaTTHIK KYMCAK TiHAEpAiH OacTamlKpl CHIATTaMajapbl MEH MAIEHTKE
OailnaHbICTBl (paKkTOpIAp OMEpalHsgaH KEHiHr1 Ka3bUly MEH O3CTETHKANBIK HOTIDKeIepre ocep eremi. AJbIHFaH
HOTWKENIEP/Al TUIOTe3a KAJBINTACTBIPYIIbI JEPEKTep PpETiHAe KapacThIpFaH jkeH. VIMIUIaHTONOTHsIia MAaIlWHAJBIK
OKBITYFa HETi3[eNTeH OOmKaMABIK MOIEITbACPIl KYHACTIKTI KIMHAKAIBIK TOXIpHOere eHri3y YIIiH Toyenci3 ipikreMenepi
0ap KOHE CHIPTKBI BATUIAIINS JKYPTI31JreH KOMOPTAIBIKTBI KOCHIMIIIA 3ePTTEYIIep KaKeT.

Tyilinai ce3mep: IeHTANBIBI WMIUIAHTALMS, JKYMCaK TIHIEpAlI ayrMEHTAIWsIay, ITOHEKep TiH TpPaHCIDIAHTATH,
MPEIUKTUBTI MOJICIIB/ICY.

MACHINE LEARNING-GUIDED PREDICTION OF OUTCOMES FOLLOWING SCTG AND
L-PRF SOFT TISSUE AUGMENTATION

Azhibekov A.S. !, MenchishevaYu.A. ', Yerkibayeva Zh.U.!
! Asfendiyarov Kazakh National Medical University, Almaty, Kazakhstan

Introduction. Peri-implant soft tissue deficiency in the posterior mandible remains a significant clinical challenge.
Although subepithelial connective tissue grafts (SCTG) combined with lekocyte-platelet-rich fibrin (L-PRF) have
demonstrated favorable clinical outcomes, individualised prediction of treatment success remains insufficiently
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investigated. Machine learning approaches may provide new opportunities for personalised treatment planning in implant
dentistry.

Objective. To evaluate the feasibility of machine learning based prediction of peri-implant soft tissue augmentation
outcomes following SCTG and L-PRF augnentation and to identify the clinical variables most strongly associated with
treatment success.

Materials and methods. This study represents a secondary exploratory machine learning analysis based on data obtained
from a previously conducted randomised controlled clinical trial. The final dataset included 92 patients who completed
6-month follow-up after peri-implant soft tissue augmentation procedures, including 47 patients treated with SCTG
combined with L-PRF and 45 patients treated with SCTG alone. Baseline demographic, clinical immunological and peri-
implant soft tissue variables were included in the analysis. Predictive modelling was performed using Python and the
scikit-learn library. Random Forest and multilayer perceptron algorithms were evaluated using 5-fold cross-validation.
Model performance was assessed using accuracy, precision, recall, and F1-score.

Results. Favorable clinical outcomes at 6 months were observed in 79 patients (85.9%), whereas 13 patients (14.1%)
demonstrated suboptimal peri-implant soft tissue or aesthetic outcomes. The Random Forest classifier demonstrated more
stable predictive performance compared with the multilayer perceptron model. The exploratory Random Forest model
demonstrated a mean accuracy of 0.81, precision of 0.79, recall of 0.77, and F1-score of 0.78 during cross validation
procedures. Feature importance analysis identified baseline keratinised tissue thickness, peri-implant soft tissue
phenotype, smoking status as the variables most strongly associated with treatment outcomes.

Discussion. The findings confirm the importance of keratinized mucosa for peri-implant tissue stability and support
SCTG as a predictable approach for soft tissue augmentation. The adjunctive use of L-PRF may improve postoperative
healing because of its regenerative properties. Exploratory machine learning analysis demonstrated the potential
feasibility of individualized outcome prediction using integrated clinical and biological variables in implant dentistry.
Conclusion. Machine learning-based analysis demonstrated potential feasibility for individualised prediction of peri-
implant soft tissue augmentation outcomes following SCTG and L-PRF use. Baseline peri-implant soft tissue
characteristics and patient-related factors appear to significantly influence postoperative healing and esthetic outcomes.
The present findings should be considered exploratory and hypnotises-generating. Further multicentre studies with larger
independent datasets and external validation are required before routine clinical implementation of machine learning-
based predictive models in implant dentistry._x001D _

Keywords: dental implantation, soft tissue augmentation, connective tissue graft, predictive modeling.

Introduction increasing attention as potential enhancers of
Adequate peri-implant soft tissue dimensions wound healing and tissue regeneration [5]. L-
are considered essential for the long-term PRF contains platelets, leukocytes, cytokines,
stability of dental implants and maintenance of and growth factors capable of promoting
peri-implant health [1]. Insufficient keratinised angiogenesis, fibroblast proliferation, and soft
mucosa around implants has been associated tissue maturation [6]. Several studies have
with impared plaque control, increased reported favorable healing outcomes following
bleeding on probing, mucosal discimfort during the combined use of SCTG and L-PRF,
oral hygiene procedures, and a higher although evidence regarding their long-term
prevalence of peri-implant mucositis and peri- clinical superiority remains inconsistent [7-9].
implantitis [2]. These problems are particularly Machine learning has recently emerged as a
pronounced in the posterior mandible, where promising tool in dentistry and implantology
thin soft tissue biotype and limited keratinised because of its ability to identify complex
mucosa  frequently complicate  implant interactions among clinical variables and
rehabilitation. support personalised treatment planning [10,
Subepithelial connective tissue grafting 11]. Predictive models may assist clinicians in
(SCTG) remains the gold standard for peri- identifying patients at increased risk of
implant soft tissue augmentation due to its suboptimal healing and in optimising surgical
predictable volumetric stability and favorable protocols accordingly. However, the use of
long-term clinical outcomes [3]. However, machine learning for prediction of peri-implant
autogenous grafting is associated with donor- soft tissue augmentation outcomes remains
site morbidity, prolonged surgical time, and insufficiently explored.

limited tissue availability [4]. Consequently, Objective. To evaluate the feasibility of
biologically active adjuncts such as leukocyte- machine learning based prediction of peri-
platelet-rich fibrin (L-PRF) have attracted implant soft tissue augmentation outcomes
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following SCTG and L-PRF augnentation and
to identify the clinical variables most strongly
associated with treatment success.

Materials and methods.

Study design. The present study represents a
secondary exploratory machine learning
analysis based on data obtained from a
previosly published randomised controlled
clinical trial investigating peri-implant soft
tissue augmentation using L-PRF combined
with SCTG versus SCTG alone.

The clinical trial included patients with thin
gingival biotype undergoing delayed dental
implantation following soft tissue
augmentation procedures. 110 patients were
assessed for eligibility, 100 patients were
allocated to intervention groups, and 92 patients
completed follow-up and were included in the
final analysis (47 patients in the L-PRF+SCTG
group and 45 in the SCTG-only group). The
study was conducted in accordance with the
Declaration of Helsinki. All data were
anonymised prior to analysis. Written informed
consent was obtained from all participants for
the use of their clinical data for research
purposes. The study protocol was approved by
the Research Ethics Committee of the
Asfendiyarov  Kazakh National Medical
University (Approval number: N°6 [112] from
May 26, 2021). The original randomized
controlled clinical trial was registered at the
ISRCTN registry (ISRCTN27670172).
Inclusion criteria: age > 18 years, partial
edentulism in the posterior mandible, thin peri-
implant soft tissue biotype < 2 mm, adequate
bone volume for implant placement without
simultaneous bone augmentation. Exclusion

criteria:  uncontrolled systemic  diseases,
pregnancy or lactation, immunodeficiency
disorders,  active  periodontal  disease,

bisphosphonate therapy, poor oral hygiene
complience, heavy smoking (more than 10
cigarettes per day).

Mucosal thickness was measured using a
periodontal probe with an endodontic stopper
under local anesthesia at standardised reference

points. Keratinised mucosa width was
measured using a calibrated periodontal probe
from the free gingival margin to the
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mucogingival junction. Peri-implant soft tissue
esthetics were evaluated using the PES.
Surgical protocol. A mucoperiosteal flap was
elevated at the implant site. A subepithelial
connective tissue graft was harvested from the
maxillary tuberosity or palate using a
minimally invasive technique. The graft was
de-epithelialised and inserted into a prepared
recipient bed and stabilised using mattress
sutures. L-PRF membranes were prepared from
venous blood via centrifugation and applied in
combination with the graft to enhance
biological healing.

Clinical measurements were performed by two
calibrated investigators. Calibration procedures
were conducted before the study, and repeated
measurements demonstrated acceptable intra-
observer reproducibility.

For the present machine learning study, only
patients with complete baseline and follow-up
datasets were included in model development.
The machine learning analysis focused on
identifying the relative contribution of baseline
clinical and biological variables to treatment
success and predicting favorable soft tissue and
aesthetic outcomes.

Baseline variables recorded prior to surgery
included: gender, age, mucosal thickness before
surgery (mm); width of keratinised mucosa
before surgery (mm); smoking status, cytokine
ratios, laser Doppler flowmetry parameters,
cytological healing characteristics. The primary
outcome variable was defined as a successful
clinical outcome at 6 months, characterised by
an increase in mucosal thickness of >1 mm
combined with an improvement in esthetics,
assessed using the Pink Esthetic Score (PES
>7), which reflects clinically relevant peri-
implant soft tissue enhancement.

Statistical analysis

Statistical analysis was performed using SPSS
software. Normality distribution was assessed
using the Shapiro-Wilk test. Continuous
variables were presented as meanzstandard
deviation (SD).

Comparisons between baseline and follow-up
values were performed using Wilcoxon signed-
rank test. Categorical variables were analysed
using Fisher’s exact test. Statistical significance
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was established at p<0.05. Ninety-five percent
confidence intervals (95% CI) were calculated
where appropriate.

For the present exploratory analysis, supervised
machine learning algorithms were additionally
implemented to evaluate nonlinear
relationships between clinical variables and
treatment outcomes. Model performance was
assessed using cross-validation techniques.
Machine learning analysis.

Machine learning analysis was performed as a
secondary exploratory component of the study
using the dataset obtained from the previosly
conducted controlled clinical trial. The final
dataset included 92 patients who completed the
6-month follow-up period, including 47
patients treated with L-PRF combined with
SCTG and 45 patients treated with SCTG alone.
Data processing was performed using Python
and the scikit-learn library. Continuous
variables were standardised using
StandardScaler, and categorical variables were
encoded numerically before model
development.

Because of the relatively small sample size,
several measures were implemented to reduce
the risk of overfitting: five-fold cross-
validation, restriction of model complexity,

limited neural network  architecture,
comparison of training and validation
performance. Two algorithms  were

implemented: Random Forest Classifier (n=100
trees), Multilayer perception neural network
(two hidden layers - 20 and 10 neurons). Model
performance was evaluated using accuracy,
precision, recall, Fl-score,  sensitivity,
specificity, ROC-AUC. Confusion

matrices were additionally analyzed to evaluate
classification performance. Feature importance
analysis was performed for the Random Forest
model to identify the most influential predictive
variables.Given the pilot nature of the study and
limited sample size, calibration analysis and
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external validation were not performed and
should be addressed in future multicenter
investigations.

For each patient, the probability of successful
treatment outcome was calculated and used to
support clinical decision-making.

Limitations

The present study has several limitations. First,
the sample size was relatively small, which
increases the risk of overfitting in machine
learning models, particularly neural network
algorithms. Second, the study had a single-
center design, which may limit generalisability
of the findings. Third, the follow-up period was
limited to 6 months and therefore does not
allow assessment of long-term peri-implant
stability. Finally, external validation of the
predictive model was not performed. Future
studies with larger datasets and longer follow-
up periods are required to confirm the reliability
and clinical applicability of machine learning-
based predictive modeling in implant dentistry.
Clinical case of application of the model. A
30-year-old male patient presented to the Atlas
Dent Dental Clinic (Almaty, Kazakhstan) with
a chief complaint of a missing mandibular left
first molar (tooth 3.6). According to the
patient’s medical history, his general health
status was satisfactory, and no chronic systemic
diseases were reported. Clinical examination
revealed a pronounced deficiency of keratinised
mucosa in the edentulous area corresponding to
tooth 3.6. Periodontal probing demonstrated a
keratinised tissue width of 1.5 mm. The
periodontal biotype was classified as thin, with
mucosal thickness measuring less than 2 mm.
Radiographic evaluation, including panoramic
radiography and cone-beam  computed
tomography (CBCT), confirmed the presence
of sufficient alveolar bone volume at the
planned implant site, thus eliminating the need
for preliminary bone augmentation prior to
implant placement (Figure 1).
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Figure 1 - CBCT, assessment of planned implant site

The treatment plan included the placement of a region. The surgical approach involved two
dental implant combined with simultaneous horizontal and two vertical incisions, oriented
soft tissue augmentation using a subepithelial perpendicular to the mucosal surface, with a

connective tissue graft. Harvesting of the SCTG depth of 1.0-1.5 mm (Figure 2).
was performed from the maxillary tuberosity

Figures 2 - Surgical procedure for connective tissue graft harvesting

Following graft retrieval, the donor site was ensuring stability throughout the initial healing
covered with a collagen membrane and sutured phase (Figure 3).

to optimize healing. The harvested SCTG was

temporarily placed on sterile gauze moistened

with isotonic sodium chloride solution, after

which de-epithelialisation was carried out using

a scalpel blade. The prepared graft was inserted

into the vestibular pouch and secured in the

desired position using a mattress suture,
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Figure 3 - Gingival augmentation with SCTG and L-PRF performed prior to healing abutment connection

For the preparation of the L-PRF membrane,
the following protocol was applied. A venous
blood sample (10 mL) was collected into a
sterile tube containing an anticoagulant.
Centrifugation was performed at 700 g for 8
minutes using a laboratory centrifuge (Hettich
EBA 200, Andreas Hettich GmbH & Co. KG,
Tuttlingen, Germany). The resulting fibrin clot
was mechanically compressed in a PRF box
(HBXPRF, Beijing Hanbaithan Medical
Devices Co., Ltd., Beijing, China) to obtain an
L-PRF membrane. The resulting membrane
was subsequently used in combination with a
subepithelial connective tissue graft. During the
surgical procedure, a mucoperiosteal flap was
elevated, and the existing zone of keratinised
tissue was repositioned toward the buccal
aspect. The subepithelial graft and L-PRF
membrane were secured at the recipient site
using resorbable sutures (Vicryl 5-0, Johnson &
Johnson MedTech, New Brunswick, NJ, USA).
Postoperative  management included the
administration of antibacterial and anti-
inflammatory therapy for five days. The patient
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was instructed to avoid  mechanical
toothbrushing in the surgical area and to
perform rinses with a chlorhexidine antiseptic
solution for 14 days. Suture removal was
carried out on the 10th postoperative day.
Follow-up examinations were scheduled at 3
and 6 months after surgery.

At one week postoperatively, the surgical site
demonstrated primary intention healing with
minimal edema. After one month, an increase
in the width of keratinised tissue to 4 mm was
observed, along with complete integration of
the graft. At three and six months, a stable
volume of soft tissue was maintained without
signs of inflammation. The width of keratinised
mucosa increased by 2.0 mm compared with
baseline. Favorable conditions for adequate
oral hygiene maintenance were achieved. The
implant remained stable, and radiographic
evaluation revealed no evidence of marginal
bone resorption. No postoperative
complications, such as suture dehiscence or
graft necrosis, were recorded. (Figure 4).
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Figure 4 - Postoperative clinical view after soft tissue augmentation with SCTG and L-PRF, demonstrating an increased
width of keratinised mucosa and improved peri-implant soft tissue stability
around the healing abutment

Results

Exploratory machine learning analysis was
performed using data from 92 patients included
in the final analysis of the clinical trial. Among
the analysed patients, favorable clinical
outcomes at 6 months were observed in 79
patients (85.9%), whereas 13 patients (14.1%)
demonstrated suboptimal soft tissue or esthetic
outcomes.

The Random Forest classifier demonstrated
more stable predictive performance during
cross-validation compared with the multilayer
perceptron model. The exploratory Random
Forest model demonstrated an overall mean
accuracy of 0.81, precision of 0.79, recall of
0.77, and F1-score of 0.78 during 5-fold cross-
validation.

Feature importance analysis identified the most
influential predictors as: baseline mucosal
thickness, width of keratinised mucosa,
smoking status. Comparison of predicted and
actual outcomes demonstrated high
concordance. Overall, the machine learning
analysis suggested that integration of baseline
clinical and biological parameters may
contibute to individualised prediction of peri-
implant soft tissue healing and esthetic
outcomes.

Discussion

The present study explored the feasibility of
applying machine learning techiques for
individualised prediction of peri-implant soft
tissue augmentation outcomes following SCTG
and L-PRF therapy. The exploratory analysis
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demonstrated that integration of baseline
clinical, biological, and peri-implant soft tissue
parameters may contribute to prediction of
postoperative healing and esthetic outcomes
after implant treatment.

Machine learning has recently emerged as a
promising tool in dentistry because of its ability
to analyze complex nonlinear relationships
between multiple clinical variables
simultaneously.  In  implant  dentistry,
conventional statistical approaches are often
limited in identifying multifactoral interactions
influencing treatment outcomes. In contrast,
machine learning algorithms may allow more
comprehensive analysis of patient-related,
surgical, biological, and local tissue factors
involved in peri-implant healing.

In the present study, feature importance
analysis identified baseline keratinised tissue
thickness, width of keratinised mucosa,
smoking status as the variables most strongly
associated with treatment outcomes. These
findings are clinically relevant because they
correspond with previously reported biological
and clinical risk factors affecting peri-implant
tissue stability and wound healing [11, 12]. The
exploratory predictive analysis additionally
demonstrated that patients with reduced
baseline mucosal thickness and width, smoking
history were more likely to demonstrate
suboptimal postoperative soft tissue conditions.
These observations support the concept that
individualised patient-specific variables may
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substantially influence peri-implant soft tissue
response after augmentation procedures.
Although machine learning applications in
implant dentistry remain relatively limited,
recent studies have demonstrated growing
interest in artificial intelligence for implant
planning, prediction of implant survival,
radiographic interpretation, and peri-implant
disease detection. However, the majority of
currently available studies focus primarily on
radiographic diagnostics rather than prediction
of soft tissue healing outcomes. Therefore, the
present study contributes preliminary evidence
regarding the feasibility of predictive modeling
specifically for peri-implant soft tissue
augmentation procedures.

The present machine learning analysis should
be considered exploratory and hypothesis-
generating rather than a fully validated clinical
decision-support model. Future multicenter
investigations using larger  independent
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datasets, longer follow-up periods, external
validation cohorts, and standardised artificial
intelligence  methodologies are necessary
before routine clinical implementation can be
recommended.

Conclusion

Simultaneous  peri-implant  soft  tissue
augmentation using SCTG combined with L-
PRF during implant placement in the posterior
mandible demonstrated favorable clinical and
esthetic outcomes with stable peri-implant soft
tissue conditions during 6-month follow-up.
The incorporation of machine learning-based
predictive analysis may provide an additional
tool for individualized risk assessment and
personalized treatment planning in implant
dentistry. However, further —multicenter
investigations with larger patient cohorts and
external validation are required before routine
clinical implementation.
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