APPENDIX

Table A1: Search strategy for each database.
	Electronic databases
	Search strategy
	Limits
	Hits
	Search date (updated)

	MEDLINE
Searched via PubMed
	(genes OR gene OR genet* OR geno*) AND (tooth OR teeth OR dent*) AND (impaction OR impacted)
	no
	8482
	March 2025

	Scopus

	(genes OR gene OR genet* OR geno*) AND (tooth OR teeth OR dent*) AND (impaction OR impacted)
	title, abstract, keywords
	671
	March 2025

	Web Of Science

	(genes OR gene OR genet* OR geno*) AND (tooth OR teeth OR dent*) AND (impaction OR impacted)
	text, title, abstract
	2725
	March 2025

	Google Scholar
	(impacted OR impaction) AND (teeth OR tooth)
	title
	1000
	March 2025

	Cochrane CENTRAL register of controlled trials

	(genes OR gene OR genet* OR geno*) AND (tooth OR teeth OR dent*) AND (impaction OR impacted)
	no
	771
	March 2025

	Science Direct

	(genes OR gene OR genet OR geno) AND (tooth OR teeth OR dent) AND (impaction OR impacted)
	title, abstract, keywords
	196 

	March 2025

	Ovid

	(genes OR gene OR genet* OR geno*) AND (tooth OR teeth OR dent*) AND (impaction OR impacted)
	abstract
	613
	March 2025

	 ProQuest

	(genes OR gene OR genet* OR geno*) AND (tooth OR teeth OR dent*) AND (impaction OR impacted)
	text, abstract
	235
	March 2025

	Virtual health
library
	(genes OR gene OR genet* OR geno*) AND (tooth OR teeth OR dent*) AND (impaction OR impacted)
	no
	647
	March 2025

	Clinical Trials Gov
	impacted AND (teeth OR tooth)
	no
	317
	March 2025

	Sum
	15657
	March 2025



Table A2: Study characteristics of the included studies.
	[bookmark: _Hlk180240814]Ref/Year/Authors
	Type of Study
	Number of patients
	Age (Years)
Mean (Range)

	Diagnostic Criteria of tooth impaction

	Barbato et al. (2018) [43]
	Cross-sectional
	14 (3 males, 11 females)
	13-83 yrs
Mean age = 48
	Diagnosis was based on panoramic radiographs, oral photographs, anamnestic data and oral examination.

	Trakinienė et al. (2018) [40]
	Cross-sectional
	212 twins (80 dizygotic, 132 monozygotic)
	Dizygotic-twin group, 
Mean age = 18 ± 0.56
Monozygotic-twin group, 
Mean age = 19 ± 0.74
	Diagnosis was based on panoramic radiographs and lateral cephalograms.

	Uribe et al. (2018) [39]
	Cross-sectional
	11 (6 females, 5 males)
	10-16 yrs
Mean age = 13
	Impaction was decided when eruption was considered delayed, and for which there was clinical and radiographic evidence that further eruption may not occur within the normal period of growth.

	Devi & Padmanabhan (2019) [38]
	Case-control
	100 (study group: 50, control group: 50, 66 females, 34 males)
	11-35 yrs
Mean age = 23
	Diagnosis was based on the technique suggested by Stanley Jacobs (Jacobs, 1999). CBCT scans were taken when required to confirm diagnosis.

	Vitria et al. (2019) [37]
	Case-control
	121 (study group:83, control group: 38, 68 females, 53 males)
	10-25 yrs
Mean age = 17.5
	Diagnosis was based on clinical examinations and radiographic interpretations performed by radiologists and orthodontists.

	Olsson et al. (2020) [42]
	Cross-sectional
	32 (18 females, 14 males)
	N/A
	Diagnosis was based on orthopantomography with which the Pell and Gregory’s classification and the Winter’s classification were used.

	Adeyemo et al. (2021) [44]
	Case-control 
	400 (study group:200, control group: 200, 217 females, 183 males)
	Mean age = 24.2 
	No methods were mentioned for diagnosis of tooth impaction.

	Ahmadi et al. (2021) [46]
	Cross-sectional
	320 (184 females, 136 males)
	Mean age = 29 ± 6
	Clinical oral examinations, X-ray panoramic, and CBCT images investigation were undertaken to diagnose bony-impacted teeth.

	Alotaibi et al. (2021) [35]
	Case-control 
	3,579 (1,392 no anomalies, 2,187 unaffected relatives of patients with OFC)  
	8-82 yrs
Mean age = 31
	Diagnosis was based on oral examination and intraoral photos. Impaction was diagnosed only via canines that had not erupted even though permanent second molars had erupted.

	Trybek et al. (2021) [36]
	Case-control 

	392 (study group: 204, control group: 188)
	N/A
	Diagnosis was based on panoramic radiographs and oral examination.

	Bozgeyik et al. (2022) [41]
	Cross-sectional 
	42 (26 females, 16 males)
	Mean age = 24.88 ± 5.133
	Diagnosis was based on panoramic radiographs. Patients with similar Winters, Pell- and - Gregory classification of impacted mandibular third molars were enrolled.

	Ege et al. (2022) [28]
	Cross-sectional
	30 (16 females, 14 males)
	Mean age = 24.33 ± 5.02
	Diagnosis was based on panoramic radiographs. Patients with similar Winters, Pell- and - Gregory classification of impacted mandibular third molars were enrolled.

	Alassaf et al. (2023) [47]
	Cross-sectional
	856 (117 females, 739 males)
	Mean age males = 34.78 ±13.68
	Diagnosis was based on panoramic radiographs, impacted third molars were classified based on angulation Mesioangular, Distoangular , Horizontal, or, Vertical.

	Trybek et al. (2023) [20]
	Case-control  
	392 (study group: 204, control group: 188)
	N/A
	Diagnosis was based on panoramic radiographs and oral examination. An impacted tooth was defined as a tooth surrounded by bone in X-ray images but absent in the dental arch during eruption.

	Almalki et al. (2024) [45]
	Cross-sectional
	300 (113 females, 187 males)
	Mean age females = 25.07 ± 2.03
Mean age males = 25.02 ± 1.94
	Diagnosis was based on radiographic and oral examination using orthopantomography if a third molar was unerupted.




Table A3: Extended Methods, genes, their variants and conclusions.
	[bookmark: _Hlk179890964]Ref/Year/Authors
	Methods
	Genes/
Blood groups
	Variant rs
	Results
	Conclusions

	Barbato et al. (2018) [43]
	1) Whole exome sequencing was done in individual members of a single family.
2) Selected candidate variants were further analyzed by Sanger Sequencing.
3) Variants were PCR-amplified by using GoTaq G2 Flexi DNA polymerase and custom primers.
4) Sanger sequencing was performed by using the ABI BigDye Terminator Sequencing Kit V.3.1 as per the manufacturer's protocol and an ABI Prism 3500 Genetic Analyzers.
5) Sequence electropherograms were analyzed by using ChromasPro V.1.7.5.
6) Segregation analysis was performed on all family members for whom DNA was available.
	EDARADD
COL5A	 
RSPO4 
T 
NELL1 
	rs114632254
rs61735045
rs6140807
rs117097130
rs141323787
	1) 14 family members from which, 8 subjects were affected by canine anomalies: 4 by canine palatal impaction, either monolateral or bilateral, 2 by canine agenesis, either monolateral or bilateral, 2 by canine ectopic eruption, both monolateral.
2) Heterozygous variant in EDARADD rs114632254 was associated with tooth agenesis.
3) Affected Subjects III:1 and III:4, who showed a phenotype of impacted/ectopic erupted canines, shared missense heterozygous variants in RSPO4 rs6140807, T rs117097130, and NELL rs141323787 genes.
4) The COL5A1 variant rs61735045 which is associated with dental anomalies was found in the affected subjects III:5 and III:6, and unaffected subject III:2.
5) The RSPO4 variant rs6140807 was also present in subject III:3, who did not manifest any dental anomaly.
6) The T variant rs117097130 was also identified in unaffected subjects (III:2 and III:3).
7) The NELL rs141323787 was also expressed in subjects who did not exhibit any dental anomaly (III:2 and III:3).
	Overall, the sample size is only 14 family members, which is a limitation. Other than the EDARADD rs114632254, COL5A1 rs61735045, RSPO4 rs6140807, T rs117097130, and NELL rs141323787 genes were present in both affected and unaffected patients, signalizing that there is no guaranteed involvement of them in dental anomalies like tooth impaction.

	Trakinienė et al. (2018) [40]
	1) Determination of zygosity was performed with DNA tests with polymerase chain reaction (PCR) for the amplification of short tandem repeats and 15 specific DNA markers.
2) Skeletal maturity stage (CVM stage) was estimated using the lateral cephalograms.
3) Statistical analysis was performed with SPSS software.
	No genes were mentioned.
	No rs variant was mentioned.
	1) The eruption level of the maxillary third molars showed almost the same tendency between siblings in both dizygotic and monozygotic twins. However, the correlations were higher in the monozygotic twins.
	Generally, the study mentions the importance of additive genetic factors in the size and eruption of teeth.


	Uribe et al. (2018) [39]
	1) Immediately after their removal, the DF was placed in PAX gene tissue containers.
2) Genotyping took place with Real-Time PCR.
3) RNA extraction was carried out using the commercially available PAX gene Tissue RNA Kit.
4) Gene expression data were analyzed using the PRISM 7 software package.
	RUNX2
OSX
ALP
OCN
CX43
BMP2
MCP1
	No rs variant was mentioned.
	1) Highest levels of expression were for genes involved in bone formation, (RUNX2 and CX43).
2) Relatively high gene expression levels were seen in all the samples for OSX, ALP, and OCN whereas the BMP2 gene showed very low expression in all the samples.
3)No significant difference was observed when comparing the follicles and relating their gene expression levels to their different clinical situations.
	The genes RUNX2, OSX, ALP, OCN, CX43 contribute to the alveolar bone formation, which might have an influential role in the late pre-emerged tooth stage.

	Devi & Padmanabhan (2019) [38]
	1) Genotyping was made by using polymerase chain reaction (PCR) and restriction fragment length polymorphism (RFLP).
2) The significance of the differences among the groups was assessed by odds ratio and Chi-squared test.
	MSX1 
PAX9 
	rs12532
rs2073247


	1) The MSX1 rs12532 and the PAX9 rs2073247 showed a statistically significantly higher association with palatal impaction of maxillary canines. Furthermore, the presence of AG/CT genotypes of these genes in a patient caused a significant increase in the risk for palatal impaction.
	High importance of the MSX1 rs12532 and the PAX9 rs2073247 in palatal canine impaction.

	Vitria et al. (2019) [37]
	1) Samples of genomic DNA were obtained from a buccal mucosa swab.
2) Genotyping was performed with polymerase chain reaction (PCR).
3) DNA from the PCR products was purified using a QIAquick PCR purification kit and purified DNA was sequenced by First-Base Laboratories.
4) Sequencing data were edited using BioEdit software and verified using NCBI BLAST.
5) Statistical analysis of the data was performed using SPSS.
	PAX9 
The fourth SNP in exon 3 maps to chromosome 14, position 36,666,530, and has not been previously reported. 
	rs375436662
rs12881240
rs4904210
	1) TT genotype in PAX9 (rs12881240) showed a higher degree of association with maxillary canine impaction than those with the CC genotype or the CT genotype [odds ratio (OR): 2.61; 95% Confidence interval (CI): 0.29–23.61] and (OR: 1.28; 95% CI: 0.57–2.89), although these results were not statistically significant (p > 0.05). 
2) No statistical difference in allele frequency was observed between the two groups.
3) Patients with the GG genotype in SNP 4 (rs4904210) were less likely to have maxillary canine impaction than those with the CC genotype and the CG genotype (OR: 0.71; 95% CI: 0.23–2.16] and (OR: 0.79; 95% CI: 0.31–2.00]. These results were not statistically significant (P > 0.05) as well.
4)For the PAX9 rs12881240) showed that 21 of 53 males and 24 of 68 females in the case group harbored the CT genotype, whereas only 4 males and 2 females harbored the TT genotype.
5)For the PAX9 (rs4904210), 26 of 53 males and 36 of 68 females in the case group had a CG genotype, whereas 13 males and 13 females had the GG genotype.

	Νo statistically significant association between PAX9 genotype and maxillary canine impaction was found, although the variants rs12881240 and rs4904210 showed a greater risk for maxillary canine impaction.
There were no significant differences in gender and maxillary canine impaction. The study also suggests a potential role for PAX9 in tooth growth and development.

	Olsson et al. (2020) [42]
	1) Bone was removed around the surfaces of impacted teeth leading to their extraction.
2) The gathered bone was placed in RNA solution and refrigerated immediately.
3) RNA was isolated using the mirVana miRNA isolation kit.
4) A StepOnePlus Real Time Polymerase Chain Reaction (PCR) system was used to run both the reverse transcription reaction and the quantification of RNA (gene expression) in duplicate. 
5) The TaqMan Gene Expression Assay primers and probes were used for the real time qPCR.
6) The relative amounts of mRNA expression were calculated by the 2-Δ Cycle Threshold (2-ΔΔCT) method.
7) Prism GraphPad (GraphPad Software, Inc) was used for statistical analysis.
	MSX1
RUNX2
BMP2
	No rs variant was mentioned.
	1) During the comparison of RUNX2, BMP2, and MSX1 gene expressions between maxilla and mandible the study showed that there were no significant differences.
2) RUNX2, BMP2, and MSX1 expressions according to Winter’s third molar position also showed no significant differences.
3) The expressions of RUNX2, BMP2, and MSX1 according to the Pell and Gregory classification for both maxillary and mandibular third molars showed that there was no significant difference again.
4) The analysis according to the Pell and Gregory classification stratified by the dental arch showed: a significance difference for MSX1 expression in the maxilla, in which the occlusal plane of the impacted third molar was at the same level as the occlusal plane of the second molar, and showed that there was increased expression compared with that of the tooth impacted below the cervical margin of the second molar (p < 0.029).
	The DNA variations (were not shown) of the MSX1 gene lead to a different expression of it among the maxillary third molars, signalizing its importance in developmental alterations in their position and broadly in their impaction. 

	Adeyemo et al. (2021) [44]
	1) DNA was extracted from saliva samples.
2) After the completion of the PCR process, the plates were read using the 7900HT fast real-time PCR system controlled by SDS software version 2.4. All the files with samples and markers were imported into Progeny version 7.6.04 from Progeny software LLC USA to check for Mendelian errors and discrepancies in each file.
3) Case–control analyses were conducted to determine association using PLINK.
4) The height of the cases and controls was analyzed and compared using independent T-test. Alpha of p < 0.05 was set to determine statistical significance.
	WNT9
AXIN2
MSX1
PAX9
LINC01396
	rs735510
rs1042484
rs115200552
rs12532
rs2295218
rs731120
rs6504591
rs7224837
rs11867417
rs3923086
rs2240308
	1) No difference was found in allele frequency between cases and controls for 10 of the 11 SNPs.
2) Rs6504591 the p value was near significance (p = 0.07) with an odd ratio of 2.131.
3) Subjects with lower third molar impactions were significantly shorter than those who have fully erupted third molars.
	Individuals with third molar impaction tend to have T allele at the locus, suggesting that the T allele at the locus may increase the risk of having an impacted third molar. The rs6504591 G/T variation on human chromosome 17 (WNT9B gene) appears to increase risk by two folds for impaction. 

	Ahmadi et al. (2021) [46]
	1) Clinical oral examinations, X-ray panoramic, and CBCT images investigation were undertaken to diagnose bony-impacted teeth
2) A separate survey containing information on sex, age, blood group type, and the number of impacted teeth (if there are) was used as a record for each participant.
3) A Chi-Square test was applied to determine the correlation between ABO blood groups and the prevalence of impacted teeth. All the statistical analyses were performed using Statistical Package for the Social Sciences (SPSS version, 23).
	ABO and RH blood groups.
	N/A
	1) 205 participants (64%) did not have any impacted ones, 26 (8%) had one, 43 (13%) had two, 5 (1%) had three, and 41 (12%) had four impacted third molars.
2)Women had a higher prevalence of the impacted third molar, as 73 (39%) of the female participants and 42 (30%) of the male participants had at least one impacted third molar.
3) Our data showed that the subjects with no impacted third molar in the blood groups A, B, AB, and O were distributed as 51 (24%), 51 (24%), 51 (24%), and 52 (25%). In addition, among subjects with different ABO blood groups, 11 (26%) participants with blood group A, 10 (24%) participants with blood group B, 8 (19%) participants with blood group AB, and 12 (29%) participants with blood group O had all third molars impacted.
4) Participants with negative RH, 112 (54%) of them had no impacted third molar and this figure was 93 (45%) for individuals with positive RH.
	The evaluation of the relationship between the blood group and the impacted third molar revealed that blood groups have no association with the impacted third molars.

	Alotaibi et al. (2021) [35]
	1) Multivariate GWAS.

2)R v3.4.1 statistical analysis.
	MSX1
MSX2 
ARNT2 
NTN1 
TRPC4 
WNT2B 


	rs4868444
rs140220410
rs9913511
rs2251904
rs1838002

	1) Increased rate in unaffected relatives for impaction (80.49% vs. 19.51%, p = 0.01).
2) MSX2 variant rs4868444 is necessary for proper craniofacial morphogenesis and odontogenesis.
3) ARNT2 variant rs140220410 regulates developmental genes and is expressed in molars and incisors.
4) NTN1 variant rs9913511 affects development of the craniofacial region in animal models and is critical for palatal fusion.
5) TRPC4 variant rs2251904 is involved in neurotransmitter release and cell proliferation and is highly expressed highly expressed in the rat dental follicle.
6) WNT2B variant rs1838002 is included in differentiation and proliferation of cementoblasts and odontoblasts.
	This study emphasizes the importance of multiple genes in structural dental anomalies and specifically of the MSX2, ARNT2, NTN1, TRPC4, WNT2B genes in the craniofacial morphogenesis and odontogenesis. There isn’t enough evidence on whether these genes cause tooth impaction.

	Trybek et al. (2021) [36]
	1) Biological material was collected using epithelial mouth swabs.
2) Genotyping was performed with polymerase chain reaction (PCR) derived from Real-Time PCR techniques using TaqMan probes.
3) Statistical analysis with the Chi-square test.
	MSX1 
MSX1 
	rs12532
rs8670
	1) 204 patients
1 impacted tooth -> N=11
2 impacted teeth -> N=55
3 impacted teeth -> N= 28
4 impacted teeth -> N=72
5 impacted teeth -> N=3
6 impacted teeth -> N=1
7 impacted teeth -> N=1
2) The most frequently impacted tooth was the molar, especially the lower third molars.
75.5% related to tooth #38, and 70.6% to tooth #48,
54.4% (tooth #28) and 52.2% (tooth #18)
5.4% of the #23 and 2.9% of tooth #13.
3) The analysis of rs8670 and rs12532 in the MSX1 gene showed no statistically significant differences in the frequency of genotypes (p = 0.487 and p = 0.925, respectively) and in the frequency of alleles (p = 0.228 and p = 0.975, respectively).
4) Three haplotypes of the MSX1 gene were identified (rs8670; rs12532): (C; A), (C; G), (T; A) with a total frequency of 100%.
5) Statistically significant differences in the frequency of genotypes described for rs12532 in the MSX1 gene were found: the occurrence of the AA genotype was more distinct in people from the NIT>MED subgroup who had more than three teeth impacted, compared to the NIT≤MED subgroup with a smaller number of impacted teeth (66.2% vs. 46.8%, p = 0.026).
	In summary, this study underlines the higher frequency of the A allele at rs12532 of the MSX1 gene in the subgroup of patients with a bigger number of impacted teeth, compared to the subgroup in which only three or fewer impacted teeth were found (f. A 0.8 vs. 0.68, p = 0.009).
The rs8670 of the MSX1 gene didn’t show any significant difference in its frequency between the subgroups.

	Bozgeyik et al. (2022) [41]
	1) Radiographic examination via panoramic radiograph.
2) After extraction the tooth follicle was removed intact without damaging it.
3) For the purification of total RNA from tissue samples of patients, RNeasy Mini Kit (Qiagen) was used. Following transfer of tissue lysate, on column DNase digestion was performed to eliminate genomic DNA.
4) QuantiTect Reverse Transiptase Kit (Qiagen) was used for the cDNA synthesis of RNA samples.
5) Real-time PCR and The QuantiTect SYBR Green PCR Kit (Qiagen) were used to determine the quantitative expression of T-UCRs.
6) For the statistical analysis GraphPad Prism 9 and SPSS 28 software were used.
	T-UCRs
1) uc.38
2) uc.112
3) uc.338
	No rs variant was mentioned.
	1) The study found that uc.38, uc.112 and uc.338 were distinctly expressed in the follicle samples compared to the healthy gingival tissue, and their expression was higher in the follicle tissue samples.
2) The uc.38 expression level was approximately 1.55-fold in the follicle sample.
3)The uc.112 expression level was approximately 1.98-fold higher in the follicle sample.
4)The uc.338 expression level was approximately 7.71-fold in the follicle sample.


	This study marks the significant presence of these T-UCRs: uc.38, uc.112, uc.338 in the dental follicle of impacted mandibular third molars. This discovery shows us that these T-UCRS are responsible for the molecular changes in the tissues surrounding the impacted teeth.

	Ege et al. (2022) [28]
	1) The appropriate sample size was analyzed with the help of G*Power.
2) Panoramic radiographs of patients were obtained with the Planmeca, ProMax (Planmeca Oy, Helsinki, Finland) instrument prior to surgical procedure. The panoramic images obtained were transferred to the digital environment via Planmeca Romexis (Planmeca Oy, Helsinki, Finland) software, and the pericoronal intervals of impacted mandibular third molars (IMTM) were measured on these images based on the widest points of the follicle with IMTM.
3) After the extraction was completed, the extraction socket was irrigated with sterile saline solution. After an effective hemostasis was achieved, the extraction socket was curetted, and the dental follicle was made visible and removed intact without damaging.
4) Isolation of total RNA from dental follicle and healthy gingival tissue samples was carried out with the aid of GeneJET RNA Purification Kit (Thermo Scientific, USA). Briefly, 30 mg of tissue was weighed and homogenized by using TissueLyser LT (Qiagen, Germany) in lysis buffer containing β-mercaptoethanol. Subsequently, Proteinase K was added to the homogenized solution and left for incubation of 10 min at ambient temperature.
5) The RNA containing solution was transferred to RNA purification columns and columns were washed with the washing solutions. Total RNA was eluted using supplied elution buffer, and purity and concentration of the obtained RNAs were measured by the aid of NanoDrop 2000 instrument. RNA concentrations adjusted to 500 ng and stored at − 80 °C until further steps.
6) RevertAid First-Strand cDNA Synthesis Kit (Thermo Scientific, USA) was used for the synthesis of cDNA from RNA samples.
7) Gene-specific DNA oligonucleotides were designed to determine the expression levels of TP73-AS1, NORAD, MEG3, and MALAT1 lncRNA genes in the dental follicle tissue samples and GAPDH (glyceraldehyde 3-phosphate dehydrogenase) reference control gene was used for the normalization of the expression levels of these genes.
8) Forward and Reverse primers at a concentration of 0.3 µM, 2 µl of cDNA, 10 µl of 2X SYBR® Green PCR Master Mix (Thermo Scientific, USA), and molecular biology-grade nuclease-free water up to a total volume of 20 µl was prepared. Then, prepared reactions were subjected to thermal conditions for 10 min at 95°C, 30 s at 95°C, 30 s at 60°C, and 30 s at 72°C for 40 cycles using Rotor Gene Real-Time PCR instrument (Qiagen, Germany
9) GraphPad Prism (v6.02) and SPSS (v16.0) package programs were used for statistical analysis. To determine the expression levels, the relative gene expression results were calculated with the formula 2−ΔCt (ΔCt = Cttarget gene − Ctreference gene)
	LncRNAs:
MALAT1 
TP73-AS1
NORAD 
MEG3 

	
	1) The gene expression of MEG3 increased about 10-fold in DF tissues of impacted third molars compared to healthy gingival tissues (p < 0.0001).
2) NORAD expression was found to be upregulated 4.2-fold (p = 0.0002) in DF tissues.
3) Expression level of MALAT1 was found to be decreased 1.24-fold (p = 0.584) and TP73-AS1 increased 2.6-fold (p = 0.093) in DF tissues compared to healthy gingival tissues.
	Different lncRNA expressions in dental follicles may be effective in processes such as osteogenic differentiation, DNA damage, and the transformation into odontogenic pathology. In particular, the expression level of MEG3 and NORAD lncRNA molecules may guide clinicians in the evaluation of asymptomatic impacted third molars (ITM) dental follicles that cannot be determined radiologically and during extraction of these teeth for prophylactic purposes.

	Alassaf et al. (2023) [47]
	1) Two investigators screened the existing radiographs, contacted the patients who met the inclusion criteria to obtain the blood group as registered in the patient's health card by the Ministry of Health.
2) Data was coded and analysis was done using Statistical Package for the Social Sciences (SPSS version 23). A descriptive analysis of the variables as percentage and frequency for qualitative data and mean and standard deviation for qualitative variables was conducted. Then, in the comparison process between groups, chi-squared tests were used with a significance level set at a p-value of ≤0.05.
	ABO and Rh blood groups.
	N/A
	No statistically significant association was found among the blood groups.
	There is no association between blood type and wisdom tooth impaction. However, the study was limited in diversity.

	Trybek et al. (2023) [20]
	1) DNA was extracted from venous blood.
2) Genotyping was conducted with real-time PCR.
3) All analyses were performed using STATISTICA 13.
	PAX9 
MSX1
MSX1
AXIN2 
AXIN2
AXIN2 
IRF6 
IRF6 
IRF6 
IRF6 
	rs4904210
rs8670
rs12532
rs7591
rs2240308
rs4904210
rs642961
rs861019
rs4904210
rs658860
	1) The PAX9 rs4904210, AXIN2 rs7591, AXIN2 rs4904210, IRF6 rs642961, IRF6 rs861019, IRF6 rs4904210, and IRF6 rs658860 genotype did not differ in the expression of impacted teeth.
2) The AXIN2 rs2240308, MSX1 rs12532 and MSX1 rs8670 genotypes have a particularly important role in tooth impaction both in maxilla and mandible together and in maxilla and mandible separately.
	This study highlights the importance of the AXIN2 rs2240308, MSX1 rs12532 and MSX1 rs8670 genotype specifically in tooth impaction and in general of the PAX9 rs4904210, AXIN2 rs7591, AXIN2 rs4904210,
IRF6 rs642961,
IRF6 rs861019,
IRF6 rs4904210, and IRF6 rs658860 genotype.

	Almalki et al. (2024) [45]
	1) The sample size was determined using the formula n = z²pq/d², considering p as 25% and allowable error 5%. The calculation yielded a sample size of 288, which was rounded off to 300.
2) Purposive sampling was used as sampling method. Data was collected when patients came for initial screening and participants were provided with comprehensive information about the study’s objectives and procedures. Informed consent was obtained from all participants, and certified records such as driving licenses and sehaty applications provided by the government based on the records that provided data of blood groups of the participating subjects were used to record the blood groups.
3) Dental caries was assessed using the WHO modified criteria (1986) on the DMF-Index (Decayed, Missing, Filled Teeth) and the DMFS (Decayed, Missing, Filled Surfaces) index by Henry T. Klien, Carrole E. Palmar, and Knutson J.W. (1938). The presence or absence of gingivitis was determined using the Gingival Index (GI) by Loe and Silness (1963).
4) One-way Analysis of Variance (ANOVA) was used to assess the impact of blood groups on DMFT and DMFS scores, and comparative analyses between groups were conducted using chi-square analysis and Spearman correlation for qualitative data.
	ABO Blood groups.
	N/A
	Impacted molars:
Blood Groups: A - B – AB - O
Present N (%): 26(25) - 14(13.5) - 39(37.5) - 41(21)
Absent N (%): 53(27) - 38(19.4) - 41(21) - 64(32.6)


	Individuals with AB blood group are more prone to impaction of molars.





Table A4: Studies excluded with main reason for exclusion.
	Author (et al.)
	Year
	Title
	Inclusion – Exclusion Reason

	Abdoli
	2010
	Reduction of dental filling metallic artifacts in CT-based attenuation correction of PET data using weighted virtual sinograms optimized by a genetic algorithm
	wrong outcome

	Adler
	2011
	Survival and recovery of DNA from ancient teeth and bones
	 wrong outcome

	AF
	1984
	Problems of impacted teeth retrospective study of 1620 cases
	wrong study design

	Aggarwal
	2021
	The bridge connecting sella turcica and palatally impacted canine.
	wrong outcome

	Aktan
	2010
	The incidence of canine transmigration and tooth impaction in a Turkish subpopulation
	 wrong outcome

	Al-Abdallah
	2018
	What factors affect the severity of permanent tooth impaction?
	 wrong outcome

	Ali
	2014
	Association between sella turcica bridging and palatal canine impaction.
	wrong outcome

	Ali
	2023
	Inverted Impacted Teeth: Rare Case Series of 13 Cases.
	wrong study design

	Alling
	1979
	Impacted canine teeth
	 wrong outcome

	Alling
	1993
	Indications for management of impacted teeth
	wrong outcome

	Almarhoumi
	2022
	Frequency and pattern of impacted Canines in Al-Madinah, Saudi Arabia:  A cross-sectional radiographic study.
	wrong outcome

	Al-Noaman
	2022
	A CORRELATION BETWEEN RADIOGRAPHICAL ASSESSMENT AND POST-OPERATIVE COMPLICATIONS OF IMPACTED TEETH
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