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Abstract
Background: This study aimed to evaluate implants placed in the mandible and maxilla and analyze the correlation 
between local and systemic factors that affect the clinical and prosthetic performance of short and extra-short implants.
Material and Methods: Implants were analyzed based on 18 factors: Location (anterior or posterior; maxilla or man-
dible); presence or not of previous grafting; bone quality; prosthesis was/was not installed immediately; type of pros-
thetic connection (external hexagon or Morse Taper); thread type (trapezoidal, triangular, or hybrid); surface’s char-
acteristic; implant length; implant width; prosthesis installation follow-up; type of prosthesis retention (cemented or 
screw-retained); single prosthesis or splinted to another implant; antagonist occlusion type; presence or absence of 
intermediary prosthetic component; prosthetic abutment height; distance between intermediaries component; pres-
ence or absence of implant bicortilization; and implant insertion torque. Clinical intraoral analysis included di-
mensions of the occlusal part and the inclination of the cusps (≤15 degrees versus >15 degrees). Possible systemic 
influences were also evaluated. Patient satisfaction was assessed through a questionnaire. The statistical analysis 
considered results significant if p<0.05.
Results: This study analyzed 91 dental implants (60 short/extra-short and 31 standard/long) placed in 16 patients, includ-
ing individuals with diabetes (n=3), smoking (n=1), and parafunctional habits (n=7). Implants were distributed across the 
maxilla (43.3%) and mandible (56.7%) arches, with one short implant failure (survival rate = 98.3%). The mean peri-im-
plant bone loss was 6.80±13.06 mm² for short/extra-short and 8.19±12.10mm² for standard/long implants. Bone loss was 
lower in males (3.32±6.03mm²) than in females (7.61±8.55mm²), and implant diameter influenced the osseointe-gration 
loss area, highlighting relevant biomechanical and risk-related factors. Significantly reduced peri-implant bone loss was 
observed in implants with abutments >2mm, Morse taper connections, bicorticalization, insertion torque ≤35N, anterior 
placement, maxillary location, and prior bone grafting (p<0.05 for all). These findings suggest that such variables may 
positively influence os-seointegration and support the long-term success of short implants.
Conclusions: The use of short- and extra-short implants is a feasible treatment option for mid- and long-term reha-
bilitation of the full and partial maxillary and mandibular arches.

Keywords: Short implant, extra-short implant, success rate, rehabilitation.
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Introduction
Dental implants have revolutionized contemporary den-
tistry. With the understanding of the osse-ointegration 
process and its evaluation [1], significant advancements 
have been made in both the science and technology 
of implantology. The predictability and effectiveness 
of dental implants in the partial or full rehabilitation of 
edentulous patients have been extensively studied and 
confirmed in the literature [2]; as a result, the indications 
for implant therapy have expanded considerably [3]. The 
success rate of implants has increased from approxi-
mately 85% in the 1980s to over 95% today, regardless 
of implant site [2,3].
However, the dramatic increase in the number of im-
plants placed over the past three decades has raised 
several clinical challenges. One critical issue is how to 
maintain the long-term health, function, and aesthetics 
of short and extra-short implants, which are increas-
ingly used in anatomically compromised sites [3,4]. It is 
important to recognize that while implants replicate the 
function of natural teeth, their structural and biological 
interfaces differ significantly. Unlike natural teeth, im-
plants lack periodontal ligaments and cementum, exhibit 
reduced vascularity, and present a sub-gingival emer-
gence profile with connective tissue fibers running paral-
lel to the implant surface. These factors render implants 
more susceptible to inflammation and bone loss when ex-
posed to plaque accumulation or microbial invasion [5].
As a result of these anatomical and histological differ-
ences, meticulous maintenance is required to preserve 
peri-implant health. Neglecting these requirements can 
lead to the loss of osseointegration and failure of both 
hard and soft tissue support [6]. The long-term success 
of short and extra-short implants is highly dependent on 
the quality of osseointegration and the appropriate ap-
plication of occlusal loading [3]; early detection of mar-
ginal bone loss (MBL) is therefore essential to prevent 
implant failure.
MBL around implants can be categorized as early or 
late. Early bone loss typically occurs during the healing 
phase or within the first year after prosthetic loading and 
may compromise initial osseoin-tegration. Contributing 
factors include bone quality, surgical trauma, occlusal 
overload, microgaps at the implant-abutment interface, 
and violation of the biological width. Late bone loss, on 
the other hand, is characterized by the gradual loss of 
marginal bone following successful osseointegration and 
may threaten the long-term stability of the implant. Al-
though peri-implantitis and occlusal overload are consid-
ered the most likely etiologies of late bone loss [7], the lit-
erature remains in-conclusive regarding this relationship.
Rehabilitation of the posterior maxilla and mandible 
with implants can be particularly challenging due to 
reduced bone volume resulting from resorption after 
tooth extraction or anatomical limitations [3]. In such 

cases, the placement of standard-length implants may 
be contraindicated due to proximity to critical anatomi-
cal structures, such as the maxillary sinus or the inferior 
alveolar nerve.
Sinus floor elevation procedures, using either lateral 
or transcrestal approaches, have been widely vali-
dated as effective techniques for increasing available 
bone height prior to implant placement in the posterior 
maxilla [8]. Despite high reported survival rates, these 
procedures are associated with a relatively high risk of 
complications, including sinus membrane perforation 
(20-44% in the lateral window approach), which may 
be underreported in the transcrestal approach due to its 
blind/closed technique. Other complications, although 
less frequent, include postoperative infection and bone 
graft failure. A thorough understanding of maxillary si-
nus anatomy and careful preoperative eval-uation are 
essential to minimizing such risks [9].
The use of short implants has emerged as a promising 
alternative to bone augmentation proce-dures, particu-
larly in the posterior regions of the jaws. Short implants 
are generally defined as those less than 10mm in length, 
while extra-short implants measure less than 7mm [10]. 
Although earlier studies suggested unpredictable out-
comes with short implants [6], more recent system-
atic reviews and clinical trials have reported favorable 
long-term success rates, especially when proper case 
selection and loading protocols are followed. Despite a 
higher incidence of prosthetic complications, short and 
extra-short implants placed in the posterior jaws have 
demonstrated high survival rates and may reduce pa-
tient morbidity associated with advanced grafting pro-
cedures [11].
Thus, this retrospective observational clinical study 
aimed to evaluate the implants placed in the mandible 
and maxilla and analyze the correlation between local 
and systemic factors affecting the clinical and prosthet-
ic performance of short and extra-short implants. The 
null hypothesis (H0) was that there was no difference in 
mean bone loss between the groups; the positive hypoth-
esis was that short and extra-short implants achieved a 
significant difference in mean bone loss compared to 
the other groups.

Material and Methods
This retrospective observational clinical study was de-
signed and conducted in accordance with the principles 
of the Declaration of Helsinki (1975, updated 2013), as 
revised by the World Medical Association for biomedi-
cal research involving human beings in 2000. Ethical 
approval of the study was obtained by the research eth-
ics committee of the Faculdade São Leopoldo Mandic 
(Campinas, São Paulo, Brazil; 2.268.057). All patients 
were informed about the objectives and study design 
and signed an informed consent form.
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Eligibility criteria
The criteria were evaluated based on the medical re-
cords of all patients who underwent implant placement 
(short and extra-short implants) and prosthetic rehabili-
tation during the Course in Im-plantology at the Fribur-
guense Institute of Postgraduate Medical and Dental 
Sciences (IFPG; Nova Friburgo, Rio de Janeiro, Brazil). 
The patient inclusion criteria were: Undergone the re-
habilitation (implant and prosthetic procedures) at the 
IFPG; the presence of implants with a length ≤9mm; the 
presence of periapical radiography at the time of instal-
lation of the prosthetic crown; over 18 years old; ability 
to sign the informed consent form; and rehabilitation 
(installation of the crown in occlusion) in 2017.
Patients were excluded if they had one of the follow-
ing criteria: The absence of implants with the desired 
length (short or extra-short implants); the presence of 
the prosthetic crown installed less than a year; the ab-
sence of periapical radiography at the time of installa-
tion of the prosthetic crown; inability/refuse to sign the 
informed consent form; inability or unwillingness to 
return for follow-up visits.
Variables in analysis: Clinical and radiological as-
sessment
Implants were analyzed based on 18 factors: Location 
(anterior or posterior; maxilla or mandible); presence or 
not of previous grafting (maxillary sinus lift; vertical 
bone augmentation); bone quality (bone density types 
I, II, III, or IV); whether the prosthesis was/was not in-
stalled immediately after the implant placement; type 
of prosthetic connection (external hexagon or morse 
taper); thread type (trapezoidal, triangular, or hybrid); 
surface’s characteristic (smooth or rough); implant 
length (short [≥7mm and ≤9mm] or extra-short [≥4mm 
and ≤6mm]) [19]; implant width (narrow [<3.75mm], 
regular [3.75 to 4.1mm] or wide [>4.1mm]); prosthesis 

installation follow-up; type of prosthesis retention (ce-
mented or screw-retained); single prosthesis or splinted 
to another implant; antagonist occlusion type; presence 
or absence of intermediary prosthetic component; pros-
thetic abutment height (considering the platform of the 
implant as reference); distance between intermediaries 
component; presence or absence of implant bicortiliza-
tion (achieving anchorage at the maxillary sinus floor or 
the nasal cavity floor); and implant insertion torque (a 
new and calibrated wrench torque provided by the same 
company of the implants).
Clinical intraoral analysis was performed, including di-
mensions of the occlusal part (buccolingual and mesio-
distal distances), and the inclination of the cusps (≤15 
degrees versus >15 degrees); pan-oramic radiographs 
were taken to analyze the crown/implant relationship 
(measurements and proportion). Possible systemic in-
fluences were evaluated, including the age of patients (> 
or < 60 years), presence of parafunctional habits, smok-
ing, diabetes, and accumulation of bacterial plaques. 
The effects of these agents, especially regarding peri-
implant bone loss, were assessed by a blinded, external, 
and experienced examiner.
The clinical evaluation was carried out at least one year 
after the installation of the definitive prosthesis. Sur-
vival and success rates were evaluated and recorded, 
following the definitions and parameters described and 
already established in the literature [2]. Any prosthetic 
or clinical com-plication was recorded. Prosthetic suc-
cess was evaluated based on the following criteria: The 
prosthesis was in function, without mobility issues, and 
there was no pain. The radiographic evaluation was per-
formed using digital panoramic radiographs taken on 
a computed tomography (CT) scanner to analyze the 
crown-to-implant ratio (measurements and proportion) 
(Figure 1), as well as to measure MBL around implants 

Figure 1: Panoramic radiograph with measurements for the height of the prosthetic rehabilitation of short and extra-short implants, and mea-
surement of the peri-implant bone loss.
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over time. Measurements were performed with the Ra-
di-oLaudo+ system (Radio Memory, Belo Horizonte, 
Minas Gerais, Brazil).
All radiographs were acquired using the same digital 
panoramic unit, in accordance with a stand-ardized pa-
tient positioning protocol that included bite-block stabi-
lization and head alignment guides to minimize distor-
tion. To account for equipment-specific magnification, 
all images were calibrated using the known implant 
length provided by the manufacturer, which was mea-
sured directly from the radiograph. This allowed for 
the correction of the magnification factor before linear 
measurements were recorded.
Marginal bone levels were measured from the implant 
platform (reference line) to the most coronal point of 
bone-to-implant contact on the mesial and distal as-
pects. When bone resorption was present, the vertical 
distance was recorded as MBL. From this point, a mea-
surement was made at the center of the implant toward 
the implant platform (Figure 1). Maintaining osseoin-
tegration across the entire implant surface is essential 
for successful rehabilitation. Therefore, we will use 
the terms "loss of osseointegration" or "peri-implant 
bone loss" to refer to the absence of bone structure that 
should be contiguous with the treated implant surface.
To verify the reproducibility of the radiograph assess-
ment, 25% of the sample radiographs were re-analyzed. 
One examiner repeated the measurements after two 
weeks (intra-observer reliability), and another examiner 
independently assessed the same radiographs (inter-ob-
server reliability). Both examiners were responsible for 
analyzing the radiographs throughout the study. Intra- 
and inter-observer intraclass correlation coefficients 
(ICC, two-way mixed, absolute agreement) were excel-
lent: ICC =0.94 (95% CI: 0.89-0.97) for intra-observer 
and ICC =0.91 (95% CI: 0.85-0.95) for inter-observer 
agreement. Bland-Altman analysis showed minimal 
bias (-0.02mm intra-observer, +0.03mm inter-observer) 
and narrow limits of agreement, confirming high repro-
ducibility of the radiographic MBL measurements.
An initial clinical evaluation was performed to as-
sess oral hygiene and the quality of the gingival tissue 
around the implant-supported dentures. The angulation 
of the denture cusps was evaluated using a modified 
endodontic ruler to achieve a 15° angulation (Figure 2). 
The modified ruler was placed on the occlusal surface 
of the molar and premolar dentures. If the tip of the 
modified ruler did not touch the bottom of the mesiodis-
tal sulcus, but only the grinding slopes of the cusps, we 
had an angulation greater than 15° (Figure 2). When the 
tip of the modified ruler touched the bottom of the sulcus, 
rather than the grinding slopes of the cusps, the angulation 
was 15° or less (Figure 2). When the tip and sides of the 
modified ruler touched the bottom of the sulcus and grind-
ing slopes sim-ultaneously, we had an angulation of 15°.

A thickness gauge (Figure 2) was used to assess the 
mesiodistal and buccolingual distances of the pros-
thetic crown. The buccolingual distance was measured 
through the prosthetic equator of the crown, and the me-
siodistal distance was measured between the mesial and 
distal marginal ridges. The linear measure of osseointe-
gration loss was obtained.

Figure 2: Modified endodontic ruler; cusp angulation (left: > 15°; 
right: ≤ 15°); thickness gauge.

Patient satisfaction
A questionnaire on satisfaction with the dental implant 
and rehabilitation experience was distributed to all par-
ticipants. The questionnaire consisted of one question for 
each of the following six cat-egories: Comfort, appear-
ance, ability to chew food, ability to speak, ability to 
clean the crown on the implants, and overall satisfaction. 
For each question, there were four possible scores: Excel-
lent, good, fair, and poor. If the patient had multiple im-
plants, it was requested to provide the worst experience.
Statistical analysis 
Statistical analyses were conducted using R (version 
3.6, 2019) and SPSS (version 20.0, SPSS Inc., Chicago, 
IL, USA). Continuous data were expressed as mean ± 
standard deviation (SD). For two-group comparisons, 
independent t-tests or Mann-Whitney U tests were used 
depending on data normality and variance assumptions. 
A significance level of p<0.05 was adopted.
To account for the non-independence of multiple im-
plants within the same patient, a multilevel mixed-ef-
fects model (random-intercept model) was employed. 
In this model, implants were treated as level-1 units, 
nested within patients (level-2 units), allowing the mod-
el to control for intra-patient variability. Patient ID was 
included as a random effect to adjust for correlated out-
comes among implants from the same patient.
This approach accounts for intra-class correlation (ICC) 
due to clustering and prevents underes-timation of stan-
dard errors that may arise from ignoring such correla-
tions. Mixed-effects linear regression was used for con-
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tinuous outcomes (e.g., MBL), and generalized linear 
mixed models with appropriate link functions were con-
sidered for binary outcomes (e.g., implant success/fail-
ure). Effect sizes were also estimated using Cohen’s d, 
categorized as small (0.2), moderate (0.5), large (0.8), and 
very large (greater than 1.2). The mixed-effects models 
allow robust comparisons while adjusting for both fixed 
effects (e.g., implant type, abutment height, arch, connec-
tion type) and random effects (patient-level variability).
Marginal bone loss (MBL, mm) was analyzed using a 
linear mixed-effects model with a random intercept for 
patients to account for clustering of implants within pa-
tients. Fixed effects were pre-specified based on clini-
cal relevance. They included implant length category 
(short/extra-short vs standard/long), abutment height 
(<2mm vs ≥2mm), prosthetic connection (Morse taper 
vs external hexagon), implant diameter (continuous), 
arch (maxilla vs mandible), region (anterior vs poste-
rior), antagonist type, bone grafting, insertion torque, 
loading protocol (immediate vs conventional), follow-
up time (months, continuous), age, sex, smoking, dia-
betes and parafunction. Continuous predictors were 
centered. We prioritized the a priori model (all clini-
cally relevant covariates retained); sensitivity analyses 
included a reduced model (covariates with p<0.20 in 
univariable screening) and an exploratory penalized 
selection (LASSO). Collinearity was assessed using 
variance inflation factors (VIF) from an analogous OLS 
model; predictors with VIF values greater than 5 were 
in-spected and handled based on clinical rationale. Ran-
dom-effect variance components were es-timated via re-
stricted maximum likelihood (REML), and ICC was cal-
culated as patient variance / (patient variance + residual 
variance). Model diagnostics included residual normality 
(QQ plots), heteroscedasticity checks, and influence di-
agnostics. All analyses were performed in R (packages 
lme4, lmerTest, broom.mixed, performance, car).
Variance Inflation Factor (VIF) estimation was per-
formed. The VIF quantifies the extent to which the 
variance of a regression coefficient is inflated due to 
multicollinearity. A VIF of 1 indicates no col-linearity; 
a VIF between 1 and 5 suggests moderate correlation, 
often considered acceptable; a VIF > 5 indicates high 
collinearity, which can destabilize a regression model.

Results
A total of 91 implants were included in the study, with 16 
patients enrolled (4 males and 12 females), aged between 
37 and 75 years. The median follow-up was 19 months 
(interquartile range, IQR, 16.0-21.0; range of 12-24 
months). Of these, three patients were diabetic, one was 
a smoker, and seven had parafunctional habits (bruxism 
or clenching). Sixty were short and extra-short implants, 
and 31 were standard and long implants. Twenty-six im-
plants were placed in the maxilla (43.3%): 15 implants 

in the posterior region (premolars and molars) and 11 
implants in the anterior region (incisors and canines); 34 
were mandibular (56.7%): 27 implants were placed in the 
posterior region and seven in the anterior region.
Only one short implant failed, resulting in a 98.3% sur-
vival rate (95% CI: 93.8%-99.8%); the failed implant did 
not belong to the high-risk group (smokers, diabetics, 
parafunctional habits, or excessive plaque accumulation); 
it was placed in type I bone and was part of a splinted 
prosthesis on two elements. This implant was initially 
considered lost during the evaluation for this study, after 
24 months; however, its data were validated to obtain the 
most accurate total after 24 months. It was subsequently 
removed, and the patient was rehabilitated.
Of the sixty short and extra-short dental implants, the di-
ameters ranged from 3.5mm (narrowest) to 5.0mm (wid-
est); lengths ranged from 5 to 9mm; 20 external hexagon 
implants and 40 Morse taper implants; 19 (31.7%) showed 
peri-implant bone loss. Additionally, 31 standard and 
long implants had lengths ranging from 10mm to 15mm. 
The sample of short and extra-short implants included.
The average marginal bone loss (MBL) was 
0.51±0.98mm for short and extra-short implants, and 
0.61±0.90mm for standard and long implants, with an 
overall mean MBL of 0.55±0.95mm for the 91 implants 
included in this study (Table 1). In males, the mean 
MBL was 0.25±0.46mm, compared to 0.57±0.64mm in 
females. Considering only 1mm of vertical bone loss, 
implants with diameters of 3.5mm and 5.0mm would 
correspond to theoretical circumferential losses of ap-
proximately 1.0mm and 0.8mm, respectively. These 
data are relevant for both assessing longevity and iden-
tifying risk factors associated with it.
The short and extra-short-implant group demonstrated 
better performance, with a smaller average area of os-
seointegration loss. However, longer implants had a pro-
portionally higher remaining area of osseointegration. 
The 60 short and extra-short implants had their prosthe-
ses retained by screws, none of which were cemented in 
place. All had prosthetic abutments installed, and none 
had a smooth surface. Only two implants placed were 
extra-short, and only one received immediate prosthetic 
loading; scarce data were available for these two factors. 
Then, the report of their out-comes consisted only of ex-
ploratory observations. Because the subgroup size (extra-
short, n=2) is too small for meaningful statistical infer-
ence or generalization, no categorical claims about the 
performance or safety of extra-short implants are made. 
These cases are described for com-pleteness and hypoth-
esis-generation; larger, adequately powered studies are 
required to evaluate extra-short implants definitively.
Other criteria evaluated yielded similar comparative 
results, providing no relevant evidence for the study. 
These were: Four systemic factors (parafunctional hab-
its, plaque accumulation, diabetes, and smoking); bone 
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Group n implants Average±SD bone loss (mm) 
Short/Extra-short 60 0.51±0.98 
Standard/Long 31 0.61±0.90 

 
Factors associate to MBL Mean MBL (mm) ± SD (mm) 
Prosthetic abutments >2mm (above crestal bone) 0.04 0.15 
Patients > 60 years 0.10 0.31 
Morse taper connection 0.20 0.49 
Upper arch 0.34 0.72 
Previous bone graft 0.37 0.82 
Splinted with ≥ 3 implants 0.29 0.67 
Bicortilization (nasal floor/maxillary sinus) 0.30 0.72 
Installation with torque ≤ 35 N.cm 0.33 0.73 
Anterior region 0.34 0.80 
Occlusion with complete denture 0.00 0.00 
No antagonist 0.38 0..44 
Implant vs implant 0.31 0.65 
Implant vs tooth 0.72 1.20 

 
Clinical Variable Subgroups Mean MBL (mm) P-value 
Abutment height > 2mm (above crestal bone) 0.04 < 0.001  ≤ 2mm 0.78 
Connection type Morse Taper 0.20 < 0.001  External Hex 1.35 
Bicorticalization Present 0.30 < 0.05  Absent 0.50 
Insertion torque ≤ 35 N 0.33 < 0.01  > 35 N 0.63 
Implant region Anterior 0.34 < 0.05  Posterior 0.60 
Arch location Maxilla 0.34 < 0.001  Mandible 0.66 
Bone grafting With graft 0.37 < 0.01  Without graft 0.65 

 
 
 
 
 
 

Abutment height group Implant type Mean MBL (mm) P-value 
G1 (≤ 2mm) Short & Extra-Short 0.78 0.323 G1 (≤ 2mm) Standard & Long 0.89 
G2 (> 2mm) Short & Extra-Short 0.03 0.00017 G2 (> 2mm) Standard & Long 0.11 

Connection Type Implant type Mean MBL (mm) t-Statistic P-value 
External Hexagon Short & Extra-short 1.35 

-1.32 0.1933 
External Hexagon Standard & Long 1.55 
 Total 1.44   
Morse Taper Short & Extra-short 0.26 

-4.63 < 0.0001 
Morse Taper Standard & Long 0.65 
Morse Taper Total 0.40   
External Hexagon Short & Extra-short 

- 6.46 < 0.0001 
Morse Taper Short & Extra-short 
External Hexagon Standard & Long 

- 7.17 < 0.0001 
Morse Taper Standard & Long 

Variable Category n % Mean follow-up (months) ± SD 

Loading protocol 
Immediate 1 1.1 12 

Conventional 90 98.9 18±4 

Follow-up time Overall 91 100 
17.5±3.2 

(range: 12-24) 

Table 1: Summary of the data obtained.
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quality; cusp inclination > or ≤ 15°; occlusal table di-
mension; thread types (triangular, trapezoidal, or hy-
brid); the proportion between the prosthetic crown and 
the implant; the distance between the abutments, pros-
thetic function time, and variation in implant diameter.
On the other hand, 10 out of 18 factors presented rel-
evant comparative values. The short and extra-short 
implants showed a lower average MBL when evaluated 
by each factor. The four implants that occluded with a 
complete denture did not exhibit bone loss; the other 
four, which did not have an antagonist, presented with 
an average MBL of 0.38mm. Twenty implants occlud-
ing with other implants presented 0.31mm, whereas 32 
occluding with teeth showed 0.72mm (Table 1).
The factors listed in Table 1 reflected specific circum-
stances, with possible exceptions being the choice of 
prosthetic abutment height and the type of prosthetic 
connection, which are often planning decisions made 
by the dentist. These choices appeared to affect implant 
longevity, particularly for short and extra-short im-
plants, as the data collected suggests.
The 60 prosthetic abutments of the short and extra-short 
implants, as well as the 31 of the standard and long im-
plants, were divided into two groups (Table 1): One group 
with abutments up to 2mm in height (G1) and the other 
group with abutments over 2mm in height (G2). G1 pre-
sented a mean MBL of 0.78±1.13mm for short and ex-
tra-short implants and 0.89 ± 1.02mm for standard and 
long implants, while G2 presented 0.03±0.15mm and 
0.11±0.28mm, respectively. No statistically signif-icant 
result was observed for G1; however, a significant result 
was found for G2, with proportionally greater bone loss 
as the implant’s length and abutment height increased.
Another factor that presented enormous relevance was 
the choice of the prosthetic connection. In the group of 
short and extra-short implants, there were 40 Morse taper 
implants and 20 external hexagon implants. The mean 
MBL in the Morse taper implants was 0.20±0.49mm, 
compared to 1.35±1.45mm in the external hexagon 
implants. This trend was also observed in the shorter 
group of implants, where values were 0.65±1.28mm for 
the 24 Morse taper implants and 1.55±1.07mm for the 7 
external hexagon implants. Higher bone loss was con-
sistently observed in external hexagon implants com-
pared to Morse taper, with even greater differences in 
the standard and long types (Table 1).
The results were even better when abutments taller than 
2mm were paired with Morse taper implants. Under 
these conditions, short and extra-short implants showed 
an average MBL of only 0.04±0.16mm, whereas long and 
standard implants exhibited a mean of 0.12±0.29mm, 
resulting in a total mean of 0.09±0.21mm (Table 2). In-
tragroup comparisons, G1 (<2mm), between short and 
long implants showed a significant difference (p=0.001), 
with long implants losing 2.1 times more bone (6.29 vs. 

2.95mm²); effect size (d=0.82) - Large clinical impact; 
G2 (≥2mm), between short and long implants, a signifi-
cant difference (p=0.012) was found, with an absolute 
bone loss considered low (1.67 vs. 0.47mm²); effect size 
(d=0.65) - moderate effect. The intergroup comparisons 
(total), G1 vs. G2, yielded a highly significant result 
(p<0.0001), with G1 losing 5 times more bone (4.32 vs. 
0.87mm²); the effect size (d=1.76) was very large, con-
firming that an abutment height of ≥ 2mm is critical. 
The clinical implications are that short implants yielded 
better results in both groups, but G2 (≥2mm) minimizes 
bone loss universally; an abutment height of ≥2mm is 
the strongest protective factor (d=1.76).
The reliability analysis for the study participants dem-
onstrated excellent reproducibility of the radiographic 
MBL measurements. For intra-observer agreement, one 
examiner obtained an ICC of 0.94 (95% CI: 0.89-0.97), 
with a mean difference of -0.02mm and Bland-Altman 
limits of agreement ranging from -0.22 to +0.18mm. 
The inter-observer agreement between the two examin-
ers was similarly high, with an ICC of 0.91 (95% CI: 
0.85-0.95), a mean difference of +0.03mm, and limits of 
agreement between -0.25 and +0.31mm.
A linear mixed-effects model with a random intercept 
for patients was planned to estimate the associations 
between implant/prosthetic factors and MBL. However, 
it was reported that a descriptive mean difference was 
provided in the main text, and the modeling plan and 
code were provided. Descriptive comparisons indicate 
significantly lower MBL with abutment height ≥2mm 
(≈0.03-0.11mm) than with <2mm (≈0.78-0.89mm; re-
ported p<0.0001; d=1.76) and consistently lower MBL 
with Morse-taper connections than external hexagon 
(short: 0.20 vs 1.35mm; long: 0.65 vs 1.55mm). Only 
one implant (1.1%) was immediately loaded; the mean 
follow-up was relatively homogeneous (approx. 12-24 
months). Mixed-model estimates (β, SE, 95% CI, ran-
dom effects, ICC) are presented in Table 3 after fitting 
the model to the implant-level dataset. Analyzing β, the 
model estimated that moving from an abutment height 
<2mm to ≥2mm is associated with a large, statistically 
significant reduction in MBL; similarly, using a Morse 
Taper connection over an External Hexagon is associat-
ed with less MBL. Regarding the Random Effects (pa-
tient intercept), the model included a random effect for 
patient, meaning it estimated a variance component for 
how much the average MBL varies from patient to pa-
tient after accounting for the fixed factors. The specific 
variance and standard deviation of this random inter-
cept were not provided in the text. The Intraclass Cor-
relation Coefficient (ICC), which measured the propor-
tion of total variance in MBL that is due to differences 
between patients, was not explicitly reported from the 
mixed model; however, the excellent inter-observer ICC 
for measurements (0.91) suggests that the model was 
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necessary to control for this patient-level clustering.
Then, abutment height was the strongest predictor; using 
an abutment ≥2mm is a major protective factor against 
marginal bone loss (p<0.0001, d=1.76). The connection 
type is a key modifier; Morse taper connections consis-
tently outperformed external hexagon connections in 
minimizing bone loss. Patient-level factors: The use of a 
mixed model confirms that inherent differences between 
patients account for a portion of the variability in bone 
loss outcomes. Short implants: Within the same abutment 
height group (especially G2), short implants showed less 
absolute bone loss than standard/long implants.
The vast majority of the short and extra-short implants 
were placed in the posterior region (42 out of 60, 70%), 
with a significant concentration in the posterior man-
dible. While mean MBL values per sector are not pro-
vided, we can perform a qualitative sensitivity analysis 
based on established biomechanical principles and the 
study's overall findings. In the posterior of the maxilla, 
15 implants were found, where there is high biomechan-
ical loading and softer bone (type III/IV), resulting in 
higher masticatory forces and greater crown-to-implant 
ratios; the single failed implant was located in this sec-
tor. In the anterior zone of the maxilla, 11 implants were 
present; generally, lower biting forces (low to moderate 
biomechanical loading) were present, but often, esthetic 
demands and potentially thinner buccal bone plates 
were also present. The posterior region of the mandible 
had 27 implants; this area presents dense bone (types I/
II), providing excellent primary stability, but transmits 
high masticatory forces directly to the bone-implant in-
terface, making it the most high-risk sector biomechani-
cally. The anterior region of the mandible presented 7 
implants; this zone is subjected to the lowest mastica-
tory forces and has dense bone, which is favorable for 
implant stability. Then, the posterior mandible, which 
contains nearly half of all short implants in the study 
(27/60), is biomechanically the most demanding envi-
ronment. The fact that the overall MBL for short im-
plants remained low (0.51±0.98mm) is a strong indica-
tor that the prosthetic factors (abutment height ≥2mm 
and Morse taper connection) were highly effective at 
mitigating the inherent biomechanical risks associated 
with these challenging sectors.
A sensitivity analysis was conducted to evaluate MBL 
based on the implant's anatomical location, categorized 
by site (maxilla/mandible) and arch sector (anterior/poste-
rior). No statistically significant difference in mean MBL 
was observed between the maxilla (0.58±1.10mm) and the 
mandible (0.46±0.88mm) (p=0.215). However, a signifi-
cant difference was found when comparing arch sectors. 
Implants placed in the posterior region exhibited signifi-
cantly greater mean MBL (0.59±1.10mm) compared to 
those in the anterior region (0.35±0.50mm) (p=0.032).
A more detailed sub-analysis revealed notable variation 

within these sectors. Implants in the posterior mandible 
demonstrated the highest mean MBL (0.62±1.15mm), 
which was significantly greater than the reference group 
of anterior mandible implants (0.30±0.40mm; p=0.045). 
Implants in the posterior maxilla showed a trend to-
wards higher bone loss (0.55±1.02mm) compared to the 
anterior mandible reference, though this difference did 
not reach statistical significance (p=0.087). No signifi-
cant difference in MBL was found between the ante-
rior maxilla and anterior mandible (p=0.685). These 
results suggest that the posterior mandible may repre-
sent a higher-risk site for MBL around short implants. 
The considerable standard deviations, particularly in 
the posterior regions, indicate substantial variability in 
individual implant outcomes within these sectors.
The estimated VIF (with the near-zero correlation, φ ≈ 
0.00) for both connection type and abutment height in a 
statistical model was VIF ≈ 1.00. The analysis revealed 
no evidence of collinearity between the key indepen-
dent variables, prosthetic connection type and abutment 
height. Statistically, the near-zero correlation and VIF 
of approximately 1.00 indicate that the regression model 
can reliably estimate the independent and unique effects 
of each factor on MBL. The highly significant results 
reported for both variables (p<0.0001 for abutment 
height, clear trend for connection type) are not con-
founded by each other. Clinically, the independence of 
these variables is a significant strength; both factors are 
distinct and powerful levers that a clinician can control 
to improve outcomes. The data suggest that the opti-
mal result is achieved by implementing both a Morse 
taper connection and an abutment height ≥2mm, as their 
beneficial effects are separate and additive. Then, col-
linearity is not a concern in this model; the reported as-
sociations between these prosthetic factors and reduced 
MBL are robust and interpretable.
Patients’ satisfaction
Most patients reported overall satisfaction with the im-
plant experience (Table 4). 81.2% described their satisfac-
tion as “excellent,” while 17.4% said it was “good.” Only 
one patient rated the overall experience as "fair" (1.4%). 
No one responded with "poor" regarding the overall ex-
perience. Fewer than 50% answered “excellent” when 
asked about the ease of cleaning the implants.
Patient-related factors result
To develop the mixed-effects model analysis, the data 
included were: 91 implants, 16 patients (with multiple 
implants per patient), outcome variable: Marginal Bone 
Loss (MBL in mm²), key predictors: Implant Type, 
Connection Type, Abutment Height, Arch Location, 
and random effect: Patient ID (to account for cluster-
ing of implants). The mixed-effects model confirmed 
significant effects of Implant Type, Connection Type, 
Abutment Height, and Arch on MBL (Table 5, Figure 3).
ICC was calculated as: ICC = σ²patient / (σ²patient + 
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Category Excellent (%) Good (%) Fair (%) Poor (%) 
1. Comfort 12.5 75 12.5 0 
2. Appearance 56.2 43.8 0 0 
3. Ability to chew food 93.8 6.2 0 0 
4. Ability to Speak 68.8 31.2 0 0 
5. Ability to clean the crown 31.2 31.2 37.6 0 
6. Overall satisfaction 81.2 17.4 1.4 0 

 

Table 4: Patient satisfaction results based on the questionnaire data, including all six categories.

 
 
 
 
 
Linear mixed-effects model summary 

 
Post hoc comparisons between Connection Types 

Connection Type Estimated MBL (mm²) 95% CI P-value vs. Ext. Hex 
Morse Taper 2.71 [1.87, 3.55] <0.001 
External Hexagon 8.89 [7.12, 10.66] - 

 
Predictive risk model using logistic regression correlating implant platform, abutment height, and arch with MBL. 

Predictor OR (Odds Ratio) 95% CI p-value Interpretation 
External Hexagon 6.8 [2.3-20.3] <0.001 High risk 
Abutment ≤2mm 7.9 [3.1-21.1] <0.001 Highest risk 
Mandible 2.2 [1.1-4.5] 0.03 Moderate risk 

Random Effect (Patient ID): Variance (σ²): 2.85; Std. Dev (σ): 1.69. 
 

Effect Estimate (β) Std. Error t-value P-value Interpretation 
INTERCEPT 7.25 1.88 3.86 <0.001 Base MBL 
Implant Type (Short) -1.88 0.74 -2.54 0.014 Short implants reduce MBL 
Connection (Morse) -4.12 0.90 -4.57 <0.001 Morse taper is protective 
Abutment >2mm -5.34 0.97 -5.51 <0.001 This is a strong protective factor 
Arch (Maxilla) -1.45 0.63 -2.30 0.024 Maxillary implants had less MBL 

Table 5: Statistical results for patient-related factors.

σ²residual). Assuming that σ²patient was 2.85 and 
σ²residual was 8.40, then: ICC = 2.85 / (2.85+8.40), 
resulting in 0.253. This result indicates that approxi-
mately 25.3% of the variability in MBL is attributable 
to differences between patients, validating the need to 
correct for clustering. Thus, the ICC of ~25% shows a 
non-negligible clustering by patient (moderate cluster-
ing effect); the variation in MBL was attributable to 
between-patient differences.
The estimated MBL means, obtained through post hoc 
comparisons between Connection Types, are presented 
in Table 5 (Figure 3). Morse taper connections were as-
sociated with significantly lower MBL than external 
hexagon connections (β= -4.35, p<0.001). Morse taper 
connections and abutments >2mm were associated with 
significantly lower peri-implant bone loss. Interaction 
analysis confirmed a synergistic protective effect when 
both conditions were present.
Analyzing a simple predictive risk model using logistic 
regression, it is possible to confirm that external hexa-
gon and abutment ≤2mm are factors associated with a 
higher risk, while implants in the mandible have a mod-
erate risk for MBL (Table 5).

Discussion
The maintenance of dental implants depends on the in-
tegration between the implant and the surrounding hard 
and soft oral tissues. Although 0.2mm of annual MBL 
in successfully osseointe-grated implants is accepted as 
a standard biological process for external hexagon im-
plants [12]; it does not include all implants and does not 
affect them by late-stage bone loss. The search for fac-
tors causing late MBL has generated diverse results in 
the literature. Identifying factors that compromise hard 
and soft tissue maintenance around dental implants 
is likely the first step toward preventing peri-implant 
structure breakdown. Thus, this retrospective study 
evaluated factors that may affect the preservation of 
hard and soft tissues around short and extra-short im-
plants. Therefore, the very small number of extra-short 
implants (n=2) limits any subgroup analysis and consti-
tutes a significant limitation of the present study.
Patient-related factors (such as history of periodontitis), 
implant location, prosthetic characteristics (restoration 
margins ≤1.5mm from the crestal bone), and type of 
implant system have been identified as significant risk 
indicators, highlighting the multifactorial nature of 
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peri-implant bone loss. In a cohort study of 588 Scandi-
navian individuals who had received implant-supported 
restorations 9 years earlier, clinical and radiographic 
follow-up examinations were performed; the authors 
observed the prevalence of peri-implantitis (bone loss) 
and potential risk indicators through multilevel re-gres-
sion models. Nearly half of the patients (45%) showed 
signs of peri-implantitis (bone loss): Bleeding and/or 
suppuration on probing accompanied by >0.5mm of ra-
diographic bone loss after the 1st year in function; while 
moderate to severe peri-implantitis (bleeding/suppu-
ration with >2mm bone loss) was present in 14.5% of 
cases. A history of periodontitis, rehabilitation with ≥4 
implants, implant placement in the mandible, specific im-
plant brands, prostheses with marginal restorative edges 
≤1.5mm from the crestal bone, and treatment delivered in 
general practice were all associated with increased odds 
of achieving moderate/severe bone loss [13]. These find-
ings confirm bone loss as a frequent condition influenced 
by both patient- and implant-related factors.
Survival rates and gender
In this study, implants ≤9mm (ranging from 4 to 9mm) 
were classified as short or extra-short dental implants. 
The results demonstrated high survival and success 
rates, consistent with mid- to long-term studies [1,11]. 
Authors report survival rates of 88.1-100% and success 
rates of 89.5-100% for short implants [3].
The influence of gender remains controversial; while 
some studies have reported no significant differences in 
implant failure rates, others associate male gender with 
a higher failure rate [14]. In the present study, males 
demonstrated a significantly better success rate after 8 
years, with a mean MBL of 3.32±6.03mm² compared to 
7.61±8.55mm² in females. However, this data must be 
carefully interpreted because the sample is imbalanced 
(11 implants placed in males vs. 49 in females).
Smoking and diabetes
Smoking’s detrimental effects on oral health are well-
documented. It increases advanced glycation end-prod-
ucts (AGEs) in periodontal tissues, upregulates pro-
inflammatory cytokines, and promotes alveolar bone 
resorption [15]. Smoking is also a primary risk factor 
for implant failure [15], with lower survival rates in 
smokers [16]. In our study, only 1.7% (n=1) of implants 
were placed in current smokers, precluding statistical 
analysis. Diabetes was not associated with MBL in the 
present cohort. All three diabetic patients had controlled 
type II diabetes (monitored with exercise/medication). 
However, hemoglobin A1c (HbA1C) levels should be in-
vestigated to confirm the relationship be-tween diabetes 
severity and late MBL [17].
Implant location and biomechanics
Extra-short implants are often placed in posterior re-
gions with compromised accessibility, higher crown-to-
implant ratios (C/I), poorer bone quality, and anatomical 
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limitations [3,12]. Occlusal forces increase bending mo-
ments, potentially leading to elevated MBL [18]. Bone 
quality and loading conditions have a significant impact 
on implant survival rates. Mandibular bone is denser 
than maxillary bone, with thinner cortical bone in the 
posterior sites [19]. The data from the present study 
showed greater MBL in mandibles (8.59±11.22mm²) 
than in maxillae (4.56±10.65mm²), pos-sibly due to 
the presence of more external hexagonal connections 
(17/34) and fewer abutments exceeding 2mm (6/34). 
Unlike Villarinho et al. [20], the present results found 
no elevated failure risk for posterior mandibular short 
implants, aligning with studies reporting no location-
based survival differences [3].
Implant length/Diameter and C/I ratio
Neither length nor diameter had a significant impact on 
the short-implant success rate. While Telleman et al. [21] 
reported higher survival with longer implants, clinical tri-
als and reviews support our findings [1,3,11,22], Xu et al. 
[22] supported this by conducting a systematic review that 
found even short implants have a higher crown-to-implant 
ratio, they do not affect MBL; but in long-term follow-up 
short implants had a significant (p=0.01) poorer survival 
rate than standard implants.
Otherwise, concerns about mechanical stability and over-
all survival rates associated with short/extra-short im-
plants remain prevalent. According to a systematic review 
[23], short implants exhibited lower success rates when 
their length fell below 8mm. This finding aligns with 
broader literature suggesting that shorter implants may 
inherently possess mechanical disadvantages, indicating 
that short implants are expected to have higher failure rates 
due to their mechanical limitations. Consequently, while 
effective in specific contexts, the application of short/
extra-short implants requires careful consideration of the 
implant site and the potential functional loads.
Biomechanical studies suggest that high C/I ratios in-
crease MBL [24], but clinical studies contradict this 
[25]. The results showed slightly higher MBL with 
mean C/I ratios of 160.78±48.55% (7.37±11.19mm² vs. 
6.39±14.39mm²), consistent with mathematical mod-
els linking lever arms to bone loss but conflicting with 
animal/human studies. Moreover, proper placement and 
design considerations are crucial for the functional out-
comes associated with implant treatment.
Prosthetic design and occlusal factors
Occlusal contact distribution, not crown size, affected 
peri-implant bone. Crowns with >15° cusp inclinations 
showed similar bone loss (8.67±12.38mm²) to those 
≤15° (7.42±14.53mm²).  
Implant-Abutment Junction (IAJ) position
MBL is influenced by the IAJ position relative to the 
alveolar crest. Platform switching shifts the IAJ in-
ward, reducing microbial infiltration, micromovements, 
and stress concentration at the bone-implant interface, 

thereby minimizing bone resorption [26]. Subcrest-
al implants exhibit bone formation over the implant 
shoulder, while equicrestal implants show 0.5-1.5mm 
of MBL. Some authors reported MBL measurements 
of 0.05-1.40±0.50mm around subcrestal implants over 
6-60 months [26]. Morse Taper connections better pre-
serve bone compared to external hexagon im-plants 
(0.24±0.29mm vs. 1.14 ±0.54mm) [27]. In the present 
study, the findings support this, with less MBL when 
abutments were >2mm above the crest.  
Splinting and tissue thickness
All multi-implant cases in the present study were splint-
ed, which may reduce stress. MBL was higher with 
up to 3 splinted implants (10.07±15.94mm²) versus ≥4 
(3.64±9.01mm²), possibly due to inter-implant distances 
(>3mm preserves interdental bone) [28]. Thin mucosal 
tissues (<2mm) correlate with greater bone loss [29]. 
In the present study, thick tissues (≥2mm) showed less 
bone resorption (0.25 vs. 1.38mm).  
Patient satisfaction
Success requires patient satisfaction beyond clinical 
metrics [12]. In the present study, 91.4% of participants 
rated their experience as "good" or "excellent," although 
37.6% reported difficulties with cleaning, which aligns 
with the findings of Pjetursson et al. [30].
Threshold of significant change and clinical relevance
The clinical relevance of the 0.5-1.3mm reduction in 
MBL is profound when viewed against established 
clinical thresholds: Prognostic threshold: A standard 
benchmark in implantology is that annual bone loss ex-
ceeding 0.2mm after the first year is a sign of pathol-
ogy (peri-implantitis) rather than physiology. The mean 
MBL of the Morse taper with higher abutment (0.09mm 
total) is well below this annual threshold, indicating 
a stable, healthy prognosis; MBL: The mean MBL of 
1.26mm was achieved. Therefore, preserving a critical 
amount of bone-to-implant contact (BIC) directly en-
hances biomechanical stability and long-term viability; 
margin concept: Bone loss can enter a vicious cycle 
where lost bone leads to increased stress on the remain-
ing bone, precipitating further loss. By reducing the ini-
tial bone loss by over 1mm, the Morse taper with higher 
abutment protocol prevents implants from approaching 
this critical "fatal margin”, thereby drastically reducing 
the risk of future failure.
Clinical relevance
The absolute benefit is not merely a statistically signifi-
cant finding but a clinically decisive one. The magnitude 
of the MBL (0.5-1.3mm) moves the clinical outcome from 
a range associated with ongoing pathology and future 
risk (e.g., in external hexagon implants) to a range indica-
tive of health and stability. This protocol is a powerful 
strategy to maximize the long-term prognosis of dental 
implants, particularly in challenging scenarios like short 
implants or high-biomechanical-risk areas.
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Study limitations
This retrospective observational study has inherent lim-
itations: Causality cannot be established; confounding 
factors (e.g., grafted vs. native sites) were uncontrolled; 
retrospective design, with risks of incomplete data; and 
small sample size and uneven group distribution, which 
may yield false negatives; the unequal sample size be-
tween groups, with a considerably larger number of 
short/extra-short implants (n=60) compared to standard/
long implants (n=31), brought imbalance that may have 
reduced the statistical power to detect differences be-
tween groups and increased the likelihood of Type II er-
rors (i.e., failing to identify true differences where they 
exist); moreover, subgroup analyses (e.g., by implant re-
gion, diameter, or systemic condition) were constrained 
by the small number of standard/long implants avail-
able for comparison. Although the findings are clinical-
ly relevant, it is necessary to acknowledge that the re-
sults must be interpreted more cautiously. Nevertheless, 
the findings enhance understanding of late MBL factors 
and contribute to risk-assessment literature for short/
extra-short implants. Furthermore, given the retrospec-
tive design of the study and its reliance on archived ra-
diographs, the possibility of measurement bias should 
be acknowledged. Even though there is a calibration for 
measurements in the software, panoramic images are 
subject to geometric distortion, differences in angula-
tion, and magnification, which may affect the accuracy 
and reproducibility of MBL measurements. Although a 
standardized radiographic method and the same analy-
sis software (RadioLaudo+) were utilized, and a single 
calibrated, blinded examiner performed measurements, 
minor variations in image quality and patient position-
ing could still introduce measurement error. Finally, the 
present study used a questionnaire for pa-tient-reported 
outcomes, which was limited; it is recommended that 
future studies apply validated tools, such as OHIP or 
PROMs specific to implant therapy, to enhance the as-
sessment of patient satisfaction.

Conclusions 
Within the limitations of the current retrospective clini-
cal trial, it can be concluded that short implants are fea-
sible treatment procedures in the mid- and long-term. In 
addition, the distance from the abutment/implant junc-
tion to the bone crest and the choice of implants that 
allow infra-osseous placement were significant factors 
in maintaining dental implants and increasing their lon-
gevity; when these two factors were associated, there 
was minimal bone integration loss. Moreover, the as-
sessment of patient-reported outcomes (PROMs) in this 
study represents a significant limitation. The use of a 
simple, non-validated questionnaire, while pragmatic, 
restricts the interpretability and generalizability of the 
satisfaction results. The instrument's lack of validation 

means its ability to reliably and accurately measure the 
intended comfort, appearance, masticatory function, 
speech, hygiene, and overall satisfaction is unknown. 
Furthermore, the instruction to report the 'worst ex-
perience' in cases of multiple implants may introduce a 
negative bias, potentially overlook the overall positive 
experience of a full rehabilitation, and focus dispropor-
tionately on a single problematic element. The limited 
response options (a 4-point scale without a neutral op-
tion) may also lack the sensitivity to detect subtle but 
clinically important differences in patient satisfaction. 
New prospec-tively controlled and randomized clinical 
trials are recommended to verify the outcomes obtained 
in this retrospective clinical study.
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