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Abstract

Background. Dental implants are commonly used to replace missing teeth. Immediate implant
placement (IIP) has now become an increasingly common strategy to reduce treatment time.
Dental implant malposition occurs when an implant is placed at an inappropriate dimension
through the bone, which leads to a variety of aesthetic and functional complications. Therefore,
this study aimed to compare immediate implant placement (IIP) and early implant placement (EIP)
with respect to malposition.

Methods. This cross-sectional study analyzed existing clinical records and accompanying
periapical (PA) radiographs of 67 immediate implant placements (IIP) and 152 early implant
placements (EIP). All the implants had originally been placed by senior periodontics residents.
Postoperative PA radiographs obtained at the time of surgery were reviewed to assess implant
malpositioning. Dental implant malposition was defined as mesiodistal angulation >15° or
inadequate proximity (<1.5 mm to adjacent teeth or <3 mm to adjacent implants). The associations
between variables and malpositioning were assessed using both univariate and multivariable
logistic regression.

Results. A total of 219 implants were included from 85 individuals, comprising 31 males (36.47%)
and 54 females (63.53%), with a mean age of 49.88+14.06 (range: 20—80). Multivariable logistic
regression analysis indicated that both the timing of implant placement and the implant position
(maxilla vs. mandible) significantly influenced the risk of malpositioning. [IP was associated with



a lower probability of malpositioning than EIP (adjusted OR=0.38; 95% CI: 0.16—0.90; P=0.03;
Nagelkerke R? =0.10).

Conclusion. Within the limitations of this cross-sectional study, multivariable regression analysis
indicated that both the timing and position of implant placement are predictors of malpositioning.
ITP demonstrated a lower risk of malpositioning compared with EIP, while maxillary placement
remained a significant risk factor.
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Introduction

Dental implant malposition is a clinical complication that can adversely affect treatment outcomes.
Tooth loss can lead to functional and aesthetic impairments, underscoring the need for effective
treatment planning strategies that support prosthetic restorations supported by dental implants. The
success of these restorations depends on the precise positioning of the implants, which is crucial
for achieving long-lasting, reliable prosthetic outcomes. The prevalence of dental implants among
US adults rose dramatically from 0.7% (1999-2000) to 5.7% (2015-2016). Current models project
that this figure will reach approximately 17% by 2026.! This rising treatment prevalence will
inevitably lead to a corresponding increase in the absolute number of patients experiencing
complications, presenting a growing challenge for clinical management.

The timing of implant placement following tooth extraction represents a key consideration in
contemporary treatment planning. To accommodate varying clinical scenarios and patient needs,
four implant placement timing protocols have been established as immediate (Type 1:



simultaneous with tooth extraction), early (Type 2: 4-8 weeks after extraction with soft tissue
healing), early (Type 3: 12—16 weeks after extraction with partial bone healing), and late (Type 4:
more than 6 months after extraction).>>

According to history, the first dental implant placement protocols required a 6-month healing
period after tooth extraction to allow osseous healing of the post-extraction socket, followed by an
additional 3—6 months before dental implant loading.* To mitigate alveolar ridge resorption, the
2013 ITI Consensus Conference protocol recommends avoiding late implant placement and
instead advocates for earlier implant insertion following tooth extraction.” Moreover, the patients
might be more satisfied with an accelerated treatment strategy.*

The malpositioning of implants is a common issue,’ triggering a cascade of aesthetic and prosthetic
problems. It can also lead to the invasion of anatomic structures. Patients may experience mucosal
marginal recession. Furthermore, implant malposition complicates the prosthodontic phase,
challenging the achievement of an optimal emergence profile, passive fit, and long-term aesthetic
integration.” Accurate implant positioning consists of accurate mesiodistal, buccolingual, and
apicocoronal dimensions. Previous studies have shown that the ideal implant angulation is
perpendicular to the crest of the bone in both the buccolingual and mesiodistal axial dimensions.
The more an implant is tilted, the greater the stress on the bone crest.* Within a 0°~15° range,
stress on implants is more evenly distributed, while bone stress increases dramatically when
implant angulation is increased more than 15°.!%!! On the other hand, the prosthetic and esthetic
complications may also increase in angulated implant positioning. Another critical factor in
assessing implant positioning is the mesiodistal spacing. To ensure biological health and aesthetic
outcomes, a minimum distance of 1.5 mm should be maintained between an implant and an
adjacent natural tooth, and at least 3.0 mm between two adjacent implants.’

Previous studies have focused on dental implant malpositioning and implant positioning
complications.'>!* To our knowledge, the literature is scarce regarding comparisons between
immediate (Type 1) and early (Type 3) implantation approaches regarding malpositioning rates.
Schnutenhaus et al.'* reported that the timing of implantation significantly influenced the precision
of free-hand implant placement, with early placement showing greater angular and positional
deviations than late placement. Similarly, Choi et al."* found that immediate implant placement,
compared with delayed implant placement, resulted in greater accuracy, particularly in mesiodistal
positioning. Therefore, the purpose of this cross-sectional study was to compare the immediate
(Type 1) and early implantation (Type 3) approaches regarding the occurrence of malpositioning.

Methods

This cross-sectional study was reviewed and approved by the Ethics Committee of Tehran
University of Medical Sciences (ID: IR.TUMS.DENTISTRY.REC.1402.071) and was in
accordance with the Helsinki Declaration of 1975, as revised in 2008. A total of 219 patients (67
ITP [Type 1] and 152 EIP [Type 3]) were enrolled in the study. A signed, detailed, and informed
consent form was obtained from all the patients undergoing the treatment. The inclusion and
exclusion criteria were as follows.

Inclusion Criteria
Patients undergoing either immediate or early implantation at the School of Dentistry, Tehran

University of Medical Sciences

Exclusion Criteria



1. Parallel periapical radiographs of insufficient diagnostic quality

3. Implants positioned in a ridge with a pronounced mesiodistal slope or a vertical bone defect

4. Patients with tremor diseases, Parkinson’s, etc., possibly interfering with the stable head position
during the drilling

5. To avoid compromising the PDL space, cases with adjacent teeth tilted >15° were excluded.
This tilt necessitates changing the drilling pathway from a perpendicular position to the bone crest
to safeguard the PDL and tooth structure.

All eligible patients who met the criteria and were treated at the implant department of Tehran
University of Medical Sciences were consecutively enrolled in the study. The surgeries were
performed by different senior periodontics residents. Parallel PA radiographs were captured
immediately after surgery. All the radiographs were captured using the dental X-ray unit
(Owandy RX, France), set to exposure conditions of 60 kVp and 32% mAS. A PSP sensor and
parallel XCP were used for the procedure. Radiographs were scanned using the Soredex Digora
Optime reader (DIGORA™). To control magnification, all linear measurements were calibrated
using the known implant length as a reference. Radiographic assessments were performed twice
by the same examiner with a 2-week interval, and intra-observer reliability was confirmed with an
intraclass correlation coefficient (ICC) of >0.90. Medal PACS software was used to assess implant
positioning. The Medal PACS software measured the angle formed by the implant’s long axis in
relation to the bone crest. A vertical line parallel to the implant’s long axis, passing through its
midpoint, was drawn. Another line was drawn perpendicular to the bone crest, and the angle
between these lines was measured and evaluated (Figure 1). Additionally, distances between the
implant and adjacent tooth (if <1.5 mm) or between two adjacent implants (if <3 mm) were
measured at the crestal bone. Implants were classified according to the following: anatomical
location: anterior maxilla, posterior maxilla, anterior mandible, or posterior mandible; diameter:
extra-narrow (<3.0 mm), narrow (>3.0 mm to <3.75 mm), standard (>3.75 to <5 mm), and wide
(=5 mm); length: extra-short (<6 mm), short (>6 mm to <10 mm), standard (=10 mm to <13 mm),
and long (>13 mm); graft at the implant site (i.e., bone graft or bone substitutes): present or absent.
Other factors, such as the implant insertion site, were gathered from patient records.

Implants angled angulation >15° to the bone crest in mesiodistal axial dimension, or implants
located in proximity to an adjacent tooth (<1.5 mm) or another implant (<3 mm), were considered
as the case of malposition. Malposition rate was calculated by dividing the number of
mispositioned implants by the total sample size.

Data Analysis

Statistical analysis was carried out using IBM SPSS Statistics for Windows, version 25 (IBM
Corp., Armonk, NY, USA). All the analyses were conducted as two-sided tests, and significance
was established at P<0.05. Categorical variables were presented as frequencies and percentages.
The normality assumption for the continuous variable was assessed through the Shapiro—Wilk test.
Quantitative variables were denoted as mean £ SD or median (25th to 75th percentiles).
Univariable and multivariable logistic regression analyses were executed to pinpoint factors linked
to the occurrence of malpositioning. The findings were summarized by presenting both crude and
adjusted odds ratios (ORs) along with their respective 95% confidence intervals. A multivariabe
logistic regression model was constructed using a forward stepwise selection method. Variables
with P<0.20 in univariable analyses were entered sequentially into the model, and those with
P<0.05 were retained.



Sample Size Calculation

The sample size was planned based on the comparison of two independent proportions
(malposition occurrence in immediate vs. delayed implants) using Pearson’s chi-squared test. In
PASS (Version 2023; NCSS, Kaysville, UT), this corresponds to the Z-test (pooled) with the
normal approximation. Planning proportions were based on preliminary data from our setting
(immediate P:=0.06, delayed P.=0.20; difference: A=0.14), and a two-sided 0=0.05. As
recruitment was consecutive, the unequal allocation was fixed to the realized sample sizes (N1=67
immediate, N>=152 delayed). Under these inputs, PASS yielded an achieved power of 0.842 to
detect the assumed difference. Thus, the available sample provided adequate statistical power for
the primary comparison.

Results

Implant Characteristics

A total of 219 implants were included from 85 individuals, comprising 31 males (36.47%) and 54
females (63.53%), with a mean age of 49.88+14.06 (range: 20—80). Table 1 summarizes implant
characteristics at various sites of the jaw.

Overall, proximity to adjacent teeth, proximity to adjacent implants, and malpositioning were 9
(4.11%), 0 (0%), and 43 (19.63%), respectively. The distribution of implant malpositioning based
on implant characteristics was as follows: 7 (13.21%) in the anterior site, 36 (21.69%) in the
posterior site; 31 (27.43%) in the maxilla, 12 (11.32%) in the mandible; 15 (18.75%) in narrow
implants, 28 (20.44%) in standard + wide implants; 8 (14.28%) in extra-short + short implants, 35
(22.01%) in standard implants; 8 (11.94%) in immediate implants, 35 (23.03%) in early implants;
11 (20.37%) in implants with additional treatment, 32 (19.39%) in implants without additional
treatment.

Associations between Implant Characteristics and Malpositioning

According to the results of univariable logistic regression analysis, implants placed in the
maxillary jaw exhibited a higher risk of malpositioning in comparison to those in the mandibular
jaw (OR: 2.96; 95% CI: 1.43 to 6.14; P=0.004). However, no significant correlation was observed
between the timing of implant placement (immediate vs. early) (P=0.06), site of implant (anterior
vs. posterior) (P=0.18), implant diameter (narrow vs. standard + wide) (P=0.80), implant length
(extra-short + short vs. standard) (P=0.15), and additional treatment (yes vs. no) (P=0.88) with
the occurrence of malpositioning (Table 2).

According to the results of multivariable logistic regression analysis, both the timing of implant
placement (IIP vs. EIP) and the position of the implant (maxilla vs. mandible) were significant
factors associated with malpositioning. Specifically, IIP demonstrated a lower risk of developing
malpositioning in comparison to the EIP (adjusted OR: 0.38 (95% CI: 0.16 to 0.90; P=0.03;
Nagelkerke R Square: 0.10; Cox & Snell R Square: 0.06).

Discussion

Ideal free-hand implant positioning is affected by several factors. The surgeon’s experience and
the anatomical condition have been assessed as factors influencing the accuracy of a free-hand
procedure.'*!> However, the impact of implant placement timing, specifically immediate versus
early placement, has not been thoroughly documented as a contributing factor to implant



malpositioning in prior studies. The present research examined two types of dental implant
placement: the IIP group (30.6% of the sample) and the EIP group (69.4% of the sample). The
current study did not investigate the association between sex and implant malposition. However,

Safi et al.' did not report a significant relationship between sex and implant malpositioning.'

In the present study, in the immediate placement group, implants were most commonly inserted in
the posterior maxilla, whereas in the early placement group, implants were most commonly
inserted in the posterior mandible. Multivariable regression analysis demonstrated that the
anteroposterior location of the implant did not significantly influence the likelihood of
malpositioning. This observation concurs with a report by Safi et al.,'> who likewise found no
statistically significant variation in malposition rates across different jaw sites.'?

Vasak et al.! reported that while implants in the posterior maxilla had the lowest accuracy, those
in the posterior mandible had the highest accuracy, followed by those in the posterior mandible.'®

This was confirmed by other studies that also found that posterior regions of the jaws are less
accurate, regarding implant positioning, than anterior sites.!”!® In the present study, implants in
the maxilla were more prone to malposition than those in the mandible (OR: 2.96; 95% CI: 1.43
to 6.14; P=0.004). This is consistent with previous studies that reported that specific quadrants and
locations of the implant site significantly influence the direction and angular deviation of implant
placement, as well as implant survival and success.'*!*** However, Schnutenhaus et al.'* provided
partial support for this relationship, as they found major deviations in the lower jaw.'*

In the present study, the implant diameters varied between the two groups. Regarding the
prediction of implant malposition, implant diameter did not increase the incidence of malposition.
This is consistent with the results of a study by Thanasrisuebwong et al.,”! which reported that
implant diameters did not significantly affect placement deviations when a single posterior static
surgical guide was used.?! Regarding the rate of implant malposition, the current study found no
difference in the rate of implant malposition based on implant length. Additionally, this is
consistent with earlier research that found no significant differences in malpositioning or implant
size accuracy.!®!?

The timing of implantation showed that IIP cases were less likely to develop malposition than EIP
cases. Compared to EIP, IIP showed a lower risk of malpositioning (adjusted OR: 0.38 (95% CI:
0.16 to 0.90; P=0.03). A possible explanation for this finding may lie in the alveolar socket’s role
as a natural anatomical guide for accurate implant positioning, particularly with respect to
angulation and orientation relative to adjacent structures. Another reason for this finding was that
all IIPs were true indicators of this approach, with adequate apical bone available for primary
stability and overall ideal anatomic conditions. Consistent with our results, Choi et al. 15 examined
the timing of implant placement and its impact on accuracy, finding that immediate implantation
achieved higher accuracy and greater mesiodistal positioning accuracy.'® Schnutenhaus et al. '
emphasized the significance of implantation timing as an additional influencing factor, noting that
its timing significantly affected the accuracy of free-hand implant placement. Their findings
indicated that early implant placement (Type 3) exhibited higher deviations in both angulation and
mesiodistal direction compared to late implant placements (Type 4).!* They reported that one
explanation could be the degree of mineralization in the newly formed bone. This is consistent
with the results of our study, which showed less accuracy in early implant placement.

This study has several limitations that should be acknowledged. First, due to its cross-sectional
design, case selection bias cannot be fully excluded, as the choice of immediate versus early
placement was clinically driven rather than randomized; however, to address this limitation,
regression analysis was used to account for related confounders. Moreover, because the implants



were placed by multiple senior residents and the sample was obtained through consecutive (non-
random) sampling, operator-related variability and selection bias cannot be fully excluded in our
study. Additionally, this study used two-dimensional radiography data, which inherently limits the
assessment of all aspects of malpositioning. Therefore, only the implant’s mesiodistal axial
angulation relative to the bone crest and the distance between the implant and adjacent tooth or
implant were measured as malpositioning criteria. We were unable to assess malpositioning in
terms of proximity and angulation separately. Only the overall malpositioning rate was reported,
as the sample size for evaluating proximity alone was insufficient. Future studies with larger
samples are recommended to allow a more precise analysis of each component of malpositioning.
Other malpositioning factors, such as faciolingual angulation, which might be more common
specifically in IIP cases, and apicocoronal dimension, were not evaluated. Precise apicocoronal
implant positioning is influenced by soft tissue height;?? however, as this parameter cannot be
reliably assessed using periapical radiographs, it was excluded from measurement in this study.
The rationale for employing parallel periapical (PA) radiography was twofold. Firstly, it aligns
with the standard clinical workflow following implant placement. Secondly, it provides an
effective initial screening method for identifying possible implant malposition. For a definitive
diagnosis and precise measurement of malposition errors—particularly those involving invasion
of critical anatomical structures—CBCT imaging is required. However, due to the significant
radiation dose of CBCT, its use might be prudently limited to cases where initial PA radiography
indicates a potential malposition or when supported by clinical evidence such as persistent pain or
signs of infection. To the best of our knowledge, the influence of implant placement timing,
particularly between immediate and early placement, has been inadequately documented as a
factor contributing to implant malpositioning in previous studies. The present research
demonstrated higher accuracy in implant positioning with immediate implant placement. For
future investigations, prospective trials and studies incorporating digital planning and guided
surgery are warranted to determine whether digital-assisted approaches can further improve 1P
positioning accuracy.

Conclusion

Within the limitations of this cross-sectional study, multivariable regression indicated that both the
timing and position of implant placement were predictors of malpositioning. IIP demonstrated a
lower risk of malpositioning compared with EIP, while maxillary placement remained a significant
risk factor.

Acknowledgments
Not applicable.

Author’s Contributions

Conceptualization: Zeinab Kadkhoda, Amir Raee, and Shima Younespour

Data curation: Amir Raee, Zeinab Kadkhoda, Farzaneh Mosavat, Fatima Waleed Khalid, and
Shima Y ounespour

Formal analysis: Zeinab Kadkhoda, Amir Raee, and Shima Y ounespour

Funding acquisition: Fatima Waleed Khalid

Investigation: Amir Raee, Zeinab Kadkhoda, Farzaneh Mosavat, and Fatima Waleed Khalid
Methodology: Amir Raee, Zeinab Kadkhoda, Farzaneh Mosavat, Fatima Waleed Khalid, and
Shima Younespour



Project administration: Zeinab Kadkhoda and Amir Raee

Resources: Amir Race and Fatima Waleed Khalid

Supervision: Zeinab Kadkhoda and Amir Raee

Validation: Zeinab Kadkhoda and Amir Raee

Visualization: Amir Race and Fatima Waleed Khalid

Writing—original draft: Amir Raee, Fatima Waleed Khalid, and Shima Y ounespour
Writing—review and editing: Amir Raee, Zeinab Kadkhoda, Farzaneh Mosavat, Fatima Waleed
Khalid, and Shima Y ounespour

Competing Interests
The authors declare that they have no financial and non-financial competing interests concerning
the publication of their work during submission.

Data Availability
All data regarding the methodology of the manuscript have been shared.

Ethical Approval
The present study was approved by the Ethics Committee of Tehran University of Medical
Sciences (ID: IR.TUMS.DENTISTRY.REC.1402.071).

Funding
This research was self-funded by Fatima Waleed Khalid and received no specific grant from any
funding agency in the public, commercial, or not-for-profit sectors.

References

1. Elani HW, Starr JR, Da Silva JD, Gallucci GO. Trends in Dental Implant Use in the U.S.,
1999-2016, and Projections to 2026. J Dent Res. 2018;97(13):1424-30. doi:
10.1177/0022034518792567.

2. Buser D, Chappuis V, Belser UC, Chen S. Implant placement post extraction in esthetic
single tooth sites: when immediate, when early, when late? Periodontol 2000. 2017;73(1):84-102.
doi: 10.1111/prd.12170.

3. Hammerle CH, Chen ST, Wilson TG Jr. Consensus statements and recommended clinical
procedures regarding the placement of implants in extraction sockets. Int J Oral Maxillofac
Implants. 2004;19 Suppl:26-8.

4, Bassir SH, El Kholy K, Chen CY, Lee KH, Intini G. Outcome of early dental implant
placement versus other dental implant placement protocols: A systematic review and meta-
analysis. J Periodontol. 2019;90(5):493-506. doi: 10.1002/JPER.18-0338.

5. Morton D, Chen ST, Martin WC, Levine RA, Buser D. Consensus statements and
recommended clinical procedures regarding optimizing esthetic outcomes in implant dentistry. Int
J Oral Maxillofac Implants. 2014;29 Suppl:216-20. doi: 10.11607/jom1.2013.g3.

6. Romandini M, Pedrinaci I, Lima C, Soldini MC, Araoz A, Sanz M. Prevalence and
risk/protective indicators of buccal soft tissue dehiscence around dental implants. J Clin
Periodontol. 2021;48(3):455-63. doi: 10.1111/jcpe.13417.

7. Chen ST, Buser D, Sculean A, Belser UC. Complications and treatment errors in implant
positioning in the aesthetic zone: Diagnosis and possible solutions. Periodontol 2000.
2023;92(1):220-34. doi: 10.1111/prd.12474.



8. Cardelli P, Montani M, Gallio M, Biancolini M, Brutti C, Barlattani A. Angulated
abutments and perimplants stress: F.E.M. analysis. Oral Implantol (Rome). 2009;2(1):3-10.

9. Shende S, Jadhav A, Edake DN, Patil AH, Patil H, Agrawal N. Analysis of Stress
Distribution on the Bone around an Implant Placed in the Anterior Maxilla Using Three Different
Abutment Angulations by Means of Finite Element Analysis. J Pharm Bioallied Sci.
2021;13(Suppl 2):S1591-s1596. doi: 10.4103/jpbs.jpbs_305 21.

10. Di Pietro N, Ceddia M, Romasco T, De Bortoli Junior N, Mello BF, Tumedei M, et al.
Finite Element Analysis (FEA) of the Stress and Strain Distribution in Cone-Morse Implant—
Abutment Connection Implants Placed Equicrestally and Subcrestally. Applied Sciences. 2023,
13(14):8147. doi: 10.3390/app13148147

11. Rito-Macedo F, Barroso-Oliveira M, Paranhos LR, Rodrigues-Brum J, Pereira-Lima IF,
Gomes-Franga FM, et al. Implant insertion angle and depth: Peri-implant bone stress analysis by
the finite element method. J Clin Exp Dent. 2021;13(12):e1167-e1173. doi: 10.4317/jced.58930.
12. Clark D, Barbu H, Lorean A, Mijiritsky E, Levin L. Incidental findings of implant
complications on postimplantation CBCTs: A cross-sectional study. Clin Implant Dent Relat Res.
2017;19(5):776-82. doi: 10.1111/cid.12511.

13. Safi Y, Amid R, Zadbin F, Ghazizadeh Ahsaie M, Mortazavi H. The occurrence of dental
implant malpositioning and related factors: A cross-sectional cone-beam computed tomography
survey. Imaging Sci Dent. 2021;51(3):251-60. doi: 10.5624/isd.20200331.

14. Schnutenhaus S, Wagner M, Edelmann C, Luthardt RG, Rudolph H. Factors Influencing
the Accuracy of Free-hand Implant Placement: A Prospective Clinical Study. Dent J (Basel).
2021;9(5):54. doi: 10.3390/dj9050054.

15. Choi W, Nguyen BC, Doan A, Girod S, Gaudilliere B, Gaudilliere D. Free-hand Versus
Guided Surgery: Factors Influencing Accuracy of Dental Implant Placement. Implant Dent.
2017;26(4):500-9. doi: 10.1097/id.0000000000000620.

16. Vasak C, Watzak G, Gahleitner A, Strbac G, Schemper M, Zechner W. Computed
tomography-based evaluation of template (NobelGuide™)-guided implant positions: a prospective
radiological study. Clin Oral Implants Res. 2011;22(10):1157-63. doi: 10.1111/5.1600-
0501.2010.02070.x.

17.  Fang Y, An X, Jeong SM, Choi BH. Accuracy of computer-guided implant placement in
anterior regions. J Prosthet Dent. 2019;121(5):836-42. doi: 10.1016/j.prosdent.2018.07.015.

18. Tallarico M, Kim YJ, Cocchi F, Martinolli M, Meloni SM. Accuracy of newly developed
sleeve-designed templates for insertion of dental implants: A prospective multicenters clinical
trial. Clin Implant Dent Relat Res. 2019;21(1):108-13. do1: 10.1111/cid.12704.

19. Tang T, Huang Z, Liao L, Gu X, Zhang J, Zhang X. Factors that Influence Direction
Deviation in Free-hand Implant Placement. J Prosthodont. 2019;28(5):511-8. doi:
10.1111/jopr.13065.

20. Sun TM, Lee HE, Lan TH. Comparing Accuracy of Implant Installation with a Navigation
System (NS), a Laboratory Guide (LG), NS with LG, and Free-hand Drilling. Int J Environ Res
Public Health. 2020;17(6):2107. doi: 10.3390/ijerph17062107.

21. Thanasrisuebwong P, Kulchotirat T, Hopfensperger LJ, Bencharit S. Influence of implant
diameter on accuracy of static implant guided surgery: An in vitro study. J Prosthet Dent.
2024;132(4):801-8. doi: 10.1016/j.prosdent.2022.11.004.

22. Puisys A, Vindasiute-Narbute E, Razukevicius D, Akhondi S, Gallucci GO, Pedrinaci I.
Influence of mucosal tissue height on implant crestal bone: A 10-year follow-up of a controlled
clinical trial. J Dent. 2024;148:105224. doi: 10.1016/j.jdent.2024.105224.



Figure 1. Measurement of the angle formed by the implant’s long axis in relation to the bone crest.
The vertical line parallel to the long axis of the implant at the midpoint of the implant was drawn.
Another line was drawn perpendicular to the bone crest, and the angle between these lines was
measured and evaluated.



Table 1. Implant characteristics at various sites of the jaw

Anatomical location

Anterior Posterior Anterior Posterior Total
Implant characteristics maxilla maxilla mandible mandible (n=219)
(n=36) (n=77) (n=17) (n=89)
Tooth number
1 8 (22.22%) - 4 (23.53%) - 12 (5.48%)
2 17 (47.22%) - 6 (35.29%) - 23 (10.50%)
3 11 (30.56%) - 7 (41.18%) - 18 (8.22%)
4 - 18 (23.38%) - 15 (16.85%) 33 (15.07%)
S - 29 (37.66%) - 19 (21.35%) 48 (21.92%)
6 - 22 (28.57%) - 41 (46.07%) 63 (28.77%)
7 - 8 (10.39%) - 14 (15.73%) 22 (10.05%)
Implant diameter*
Narrow 23 (63.89%) 27 (35.06%) 10 (58.82%) 20 (22.47%) 80 (36.53%)
Standard 13 (36.11%) 50 (64.94%) 7 (41.18%) 67 (75.28%) 137 (62.56%)
Wide - - - 2 (2.25%) 2(0.91%)
Implant length?
Extra-short 1 (2.78%) - - 3 (3.37%) 4 (1.83%)
Short 3 (8.33%) 17 (22.08%) 1 (5.88%) 35(39.33%) 56 (25.57%)
Standard 32 (88.89%) 60 (77.92%) 16 (94.12%) 51 (57.30%) 159 (72.60%)
Long ) ) ) ) i
Timing of implant placement
Immediate implant
placement 19 (52.78%) 21 (27.27%) 11 (64.71%) 16 (17.98%) 67 (30.59%)
Early implant placement 17 (47.22%) | 56 (72.73%) | 6(35.29%) | 73(82.02%) | 152 (69.41%)
Additional treatment
Guided bone regeneration 5(13.89%) | 15(19.48%) 5(29.41%) 15 (16.85%) 40 (18.26%)
Bone expansion 2 (5.56%) - 1 (5.88%) 1 (1.12%) 4 (1.83%)
Close sinus floor elevation 1 (2.78%) 2 (2.60%) _ _ 3 (] .37%)
Open sinus floor elevation _ 3 (3'90%) _ _ 3 (] .37%)
Ridge reduction - - 3 (17.65%) - 3 (1.37%)
Connective tissue graft _ _ _ 1 (1 .12%) 1 (0.46%)




No additional treatment 28 (77.78%) | 57(74.03%) | 8(47.06%) | 72(80.90%) | 165 (75.34%)
Proximity to adjacent tooth

Yes 2 (5.56%) 3 (3.90%) 1(5.88%) 3 (3.37%) 9 (4.11%)

No 34 (94.44%) | 74(96.10%) | 16 (94.12%) | 86(96.63%) | 210 (95.89%)
Proximity to adjacent implant

Yes _ _ _ _ -

No 36 (100.00%) | 77 (100.00%) | 17 (100.00%) | 89 (100.00%) | 219 (100.00%)
Implant angulation, degree

Median (IQR) 6 (12’;2;5\'[0 8 (4t017) 5(4t07.5) 5(2109.5) 6(3to11)

Range (0 to0 33) (0 to 36) (3 to 13) (0 t0 22) (0 to 36)

<15° 32(88.89%) | 54(70.13%) | 17 (100.00%) | 81(91.01%) | 184 (84.02%)

= 15°t0 <20° 2 (5.56%) 10 (12.99%) - 7(7.87%) 19 (8.68%)

= 20° 2 (5.56%) 13 (16.88%) - 1(1.12%) 16 (7.31%)

Note: Data are expressed as no. (%), unless otherwise stated.

Abbreviations: IQR, interquartile range (25th to 75th percentiles).
*Implant diameter: extra-narrow (<3.0 mm), narrow (=3.0 to <3.75 mm), standard (>3.75 to <5 mm), and wide (=5 mm)

#lmplant length: extra-short (<6 mm), short (>6 to <10 mm), standard (>10 to <13 mm), and long (=13 mm)



Table 2. Malpositioning occurrence and its association with implant characteristics

Implant characteristics Malpositioning OR (95% CI) P-value
Site of implant
Anterior (n=53) 7 (13.21%) 0.55(0.23t01.32)  0.18
Posterior (n=166) 36 (21.69%) Reference
Position of implant
Maxilla (n=113) 31(27.43%) 296 (1.43t06.14)  0.004
Mandible (n=106) 12 (11.32%) Reference
Implant diameter*
Narrow (n=80) 15 (18.75%) 0.91(0.46t0 1.84)  0.80
Standard + wide (n=139) 28 (20.14%) Reference
Implant length”
Extra-short + short (n=60) 8 (13.33%) 0.54(0.24t0 1.25)  0.15
Standard (n=159) 35(22.01%) Reference
Timing of implant placement
Immediate (n=67) 8 (11.94%) 0.45(0.20to 1.04)  0.06
Early (n=152) 35(23.03%) Reference
Additional treatment
Yes (n=54) 11 (20.37%) 1.06 (0.49t02.29)  0.88
No (n=165) 32 (19.39%) Reference

Data are expressed as no. (%), unless otherwise stated.

Abbreviations: OR, Odds Ratio; CI, Confidence Interval

Note: Malposition was defined as mesiodistal angulation >15° or inadequate proximity (<1.5 mm to adjacent teeth or <3 mm
to adjacent implants).

*Implant diameter: extra-narrow (<3.0 mm), narrow (>3.0 mm to <3.75 mm), standard (>3.75 to <5 mm), and wide (> 5 mm)
#Implant length: extra-short (<6 mm), short (>6 mm to <10 mm), standard (>10 mm to <13 mm), and long (>13 mm)



