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Implant fixed prostheses are a reliable and effective 
treatment option to rehabilitate edentulous arches. 

Recently, scientific literature has been turning its atten-
tion to peri-implant soft tissues, with several authors 
asserting that having an adequate amount of keratin-
ized tissue (KT) around implants could be relevant for 
better long-term results. Thus, generalized use of dif-
ferent techniques to increase KT height (KTh) has been 
promoted.

Several studies have shown that implant sites with a 
reduced amount of KT present more plaque accumula-
tion.1–8 Schrott et al evaluated the KT influence on peri-
implant tissue health in 73 patients and 386 implants.6 
The authors observed that 5 years after implant load-
ing, the sites with < 2 mm of KT exhibited more plaque 
and bleeding on probing than sites ≥ 2 mm. Although 
a more recent review reported that in 5 out of 12 stud-
ies presenting plaque scores, sites with < 2 mm of KTh 
showed significantly higher plaque scores, no conclu-
sions could be drawn about marginal bone level (MBL).9

Currently, even if the quality and quantity of soft 
tissue are important clinical factors in dental implant 
health and this issue has become as important as in 
the natural dentition, there is no firm evidence about 
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its correlations with MBL.9–12 This correlation could be 
even more relevant for short and extrashort implants 
because MBL stability could have specific prognostic 
importance.

From this reflection, the authors’ interest emerged 
in retrospectively assessing whether the presence or 
absence of KT may have an influence on MBL, com-
plications, and implant survival, specifically on short 
implants.

MATERIALS AND METHODS

The study was designed as parallel cohort retrospec-
tive research. One cohort was composed of patients 
with implants surrounded by ≥ 2 mm of KTh (ad-
equate KTh); the other cohort included patients with 
implants with < 2 mm of KTh (not-adequate KTh). 
The study protocol adhered to the ethical principles 
of the Declaration of Helsinki, where all study par-
ticipants signed informed consent, agreeing to pro-
vide their data for research. The study was approved 
by the local University Ethical Committee (Prot. N. 
234/21). A retrospective chart review was conducted 
on patients with short dental implants placed in pos-
terior atrophic arches by experienced surgeons at 
different centers.

Patients had to fulfill the following inclusion 
criteria: previously partially edentulous posterior 
arches (molar-to-premolar area); atrophic patients 
treated with one to three short dental implants; im-
plant length < 7 mm; and patients with at least 1 year 
of postloading follow-up. Patients were not included 
in the study if any of the following exclusion criteria 
were met: immediately loaded restorations and pa-
tients without available radiograph or KTh reported 
1 year after loading. Smokers were included and 
were divided into three groups: nonsmokers, moder-
ate smokers (up to 10 cigarettes per day), and heavy 
smokers (more than 10 cigarettes per day). 

Outcome Measures
MBL was considered as the primary outcome; compli-
cations (biologic and prosthetic) and implant failure 
(implant mobility and/or removal of stable implants 
dictated by progressive marginal bone loss or infection) 
were the secondary outcomes.

MBL. Peri-implant MBL changes were evaluated on 
radiographs, when available, at implant placement 
and 1, 3, 5, and 8 years after loading. OsiriX software 
was calibrated for every image using the known im-
plant length or diameter. Measurements of the mesial 
and distal bone crest level adjacent to each implant 
were made to the nearest 0.01 mm. Reference points 
for the linear measurements were the most coronal 

margin of the implant collar and the most coronal point 
of radiographic bone-to-implant contact.

Predictor and Potential Confounders
The study was designed using KTh as a predictor. Ac-
cording to Souza et al, peri-implant clinical evaluations 
were performed on each implant with the use of a 
periodontal probe.13,14 The distance from the gingival 
margin to the mucogingival junction was evaluated at 
the mid-buccal aspect of the implant. For the detec-
tion of the mucogingival junction line, differences in 
color, texture, and mobility between the KT and the 
oral mucosa were analyzed. Implants were divided di-
chotomously, according to the width of the band of KT: 
< 2 mm of KT (not-adequate group) and ≥ 2 mm of KT 
(adequate group). Potential confounders (factors pos-
sibly affecting the outcomes) that were considered are 
smoking, arch, implant length, and implant diameter.

Statistical Analysis and Sample Size
A descriptive analysis was performed presenting con-
tinuous variables as mean ± standard deviation (SD) 
or median ± interquartile range; categorical variables 
were presented as absolute and relative frequencies.

Preliminary univariate analyses were carried out 
for every outcome; then, multivariate models were 
fitted. A multilevel logistic regression was used to an-
alyze implant failure and complications, considering 
KT as predictor and smoking, arch, implant length, 
and implant diameter as confounders. The results are 
presented as odds ratio (OR) with 95% confidence 
intervals (CI). Instead, a multilevel multiple linear re-
gression was fitted to analyze marginal bone loss with 
KT as a predictor and smoking, arch, implant length, 
and implant diameter as confounders. Implant was 
used as the statistical unit of the inferential analyses. 
Model building was performed using a backward 
stepwise approach.

The significance level was set at .05. All analyses were 
performed using Stata, version 15 (StataCorp).

A sample size of 200 implants needed was calculated 
for a test comparing two independent means, consider-
ing a power of 0.80, an α error of .05, and an effect size 
of 0.4, relying on previous preliminary data obtained 
and collected in the authors’ practice.

RESULTS

A total of 370 patients were examined for eligibility; 
however, only 110 patients fully adhered to the inclu-
sion criteria and were finally included (217 short dental 
implants were evaluated). Short implants from differ-
ent companies were considered (length × diameter): 
6.6 × 4 mm, 6 × 4 mm, 6 × 7 mm, 6 × 8 mm, 5 × 5 mm, 
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5 × 6 mm, 5 × 7 mm, 4 × 4 mm, and 4 × 4.5 mm. The 
mean implant length was 4.98 ± 0.96 mm, and the mean 
diameter was 4.51 ± 0.85 mm. The mean follow-up was 
4.1 years after prosthetic loading (range: 1 to 8 years). 
Mean patient age at the time of implant placement was 
58.61 ± 9.60 years (range: 25 to 80 years), and 64.55% 
were women. Regarding smoking, 85.45% of patients 
were nonsmokers, 11.82% were moderate smokers, and 
2.73% self-reported as heavy smokers.

In the mandible, 129 short implants (59.45%) were 
placed, while 88 (40.55%) were placed in the maxilla. 
The main baseline patient and intervention character-
istics are presented in Table 1.

Keratinized Tissue Height
Of the 217 implants included in the analysis, 97 (44.70%) 
belonged to the adequate KTh group (Figs 1a and 1b) 
and 120 (55.30%) to the not-adequate group (Figs 2a 
and 2b; Table 2).

Marginal Bone Level
Peri-implant marginal bone loss detected was 
0.74 ± 0.41 mm at 1 year, 0.87 ± 0.51 mm at 3 years, 
1.29 ± 0.46 mm at 5 years, and 1.52 ± 0.40 mm at 
8 years. Not-adequate KTh implants lost on average 
0.76 ± 0.38 mm at 1 year, 0.89 ± 0.45 mm at 3 years, 
1.30 ± 0.47 mm at 5 years, and 1.50 ± 0.51 mm at 
8 years, while adequate KTh was 0.71 ± 0.44, 0.83 ± 0.57, 
1.26 ± 0.45, and 1.53 ± 0.30 mm, respectively. The dif-
ferences between groups were not statistically signifi-
cant at every follow-up considered: 0.05 mm at 1 year 
(P = .48), 0.06 mm at 3 years (P = .34), 0.04 mm at 5 years 
(P = .64), and 0.03 at 8 years (P = .82; Table 3).  

A statistically significant correlation between im-
plant diameter and MBL was found: The wider the di-
ameter, the greater the marginal bone loss (P = .002). 

Moreover, increasing the implant length also seemed to 
have a negative influence on MBL (P < .01).

Complications
A total of nine complications were reported, three in 
the not-adequate KTh group and six in the adequate 
group, with the difference not being statistically sig-
nificant (OR: 3.03, 95% CI: 0.68 to 13.46, P = .14). Five 
implants (three adequate KTh and two not-adequate 
KTh) were affected by peri-implantitis, which occurred 
between 8 months and 3 years and 9 months, lead-
ing to implant failures. One peri-implant mucositis 
case (not-adequate KTh) was reported at 4 years and 
1 month postloading and was resolved with profes-
sional oral hygiene and prosthetic reshaping. Two 
wide-diameter implants (KTh ≥ 2 mm) were affected 
by peri-implant soft tissue complications (a fenestra-
tion occurred after 9 months and a recession 5 years 
after loading) with stable clinical condition over time. 
In a case of an adequate KTh patient, prosthetic screw 
loosening was also detected and resolved 1 year after 
loading. 

Implant Failures
Five implants failed due to peri-implantitis, two in the 
not-adequate KTh group and three in the adequate 
group, without a statistically significant difference  
(OR: 2.76, 95% CI: 0.42 to17.99, P = .29) in the time range 
1 year and 4 months to 3 years and 9 months postload-
ing. Two failed implants were replaced after a bone re-
generation procedure with two longer implants, and 
the patient was then rehabilitated, while two other 
failed implants were instead replaced with extrashort 
4 × 4–mm implants that are currently rehabilitated. One 
lost implant was not substituted because the patient 
decided not to have it replaced. The cumulative survival 
rate was 97.70% with a mean follow-up of 4.1 years.

DISCUSSION

The use of short implants in the posterior arch is a pro-
cedure well described in the literature, with random-
ized controlled clinical trials (RCTs) comparing them 
with standard-length implants. The conclusion is that 
they could be a valid alternative; however, this is based 
on the reporting of medium-term data only.15

Given that the long-term success of these implants re-
mains unknown, it is crucial to pay even more attention 
to the several factors that could undermine the survival 
of the rehabilitation. A key factor among these could be 
the amount of KT, which is generally reduced in cases 
of atrophy. In the literature, there are studies on KTh re-
porting no full consensus results, though they took into 
consideration only standard-length implants.16–19

Table 1  Main Population Characteristics

Sex (patients)
Male
Female

 
39
71

Age (y) 58.61 ± 9.60

Smoking habits (patients)
Nonsmokers
Moderate smokers
Heavy smokers

 
94
13

3

No. of implants
Total
Maxilla
Mandible

 
217
88

129

Implant dimensions
Mean implant length (mm)
Mean implant diameter (mm)

 
4.98 ± 0.96
4.51 ± 0.85

Mean follow-up (y) 4.1
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a

b

c

Fig 2    An example of 4-mm extrashort implants with KTh < 2 mm 
(not-adequate KTh group): (a) Photograph, (b) 1-year radiograph, and 
(c) 5-year radiograph.

Table 2  �Keratinized Tissue Height (KTh) 
Distribution

KTh No. of implants % 

Not-adequate group (KTh < 2 mm) 120 44.70

Adequate group (KTh ≥ 2 mm) 97 55.30

a

b

c

Fig 1    An example of 4-mm extrashort implants with KTh ≥ 2 mm 
(adequate KTh group): (a) photograph, (b) 1-year radiograph, and  
(c) 5-year radiograph.
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In the present study, 217 short dental implants rang-
ing from 4 to 6.6 mm were retrospectively analyzed with 
a mean follow-up of 4.1 years with the aim of evaluating 
a possible influence of KTh.

According to Souza et al and Perussolo et al, short 
implants were divided into narrow (KTh < 2 mm) or 
wide groups.13,14

From a clinical point of view, no differences were de-
tected correlating KTh with complications and implant 
failures with a final survival rate of 97.70% in the time 
frame between 1 and 8 years. 

Regarding MBL, again, no statistically significant dif-
ferences were found between the two groups, with a 
slight difference in favor of KTh ≥ 2 mm. This finding 
is in accordance with Crespi et al reporting a differ-
ence of 0.14 mm between groups without a statistical 
difference at the 4-year follow-up on 13-mm-long im-
plants.7 Regarding implant diameter, a statistically sig-
nificant correlation between marginal bone loss and 
wider implants was found. This can be explained with 
the reduction of peri-implant bone volume available 
when placing 6- and 7-mm-diameter implants.20 The 
two soft tissue complications were related to the wider 
implants. Consequently, it could be reasonable to avoid 
their usage, especially when dealing with short lengths.

However, the presence of adequate KThs could be 
important to ease patient comfort while brushing, re-
ducing plaque accumulation and peri-implant soft 
tissue inflammation.21,22 A 10-year follow-up study by 
Roccuzzo et al assessed the presence of soreness or 
discomfort during oral hygiene and found that 42.9% 
of patients in the non-KT group reported discomfort 
during oral hygiene, while no patient reported discom-
fort in the KT group.23 These findings reflected clinical 
practice, with some patients complaining of brushing 
discomfort, and therefore requiring a KT graft. These 
patients are generally those with more extreme bone 
atrophy, requiring 4-mm short implants, given the high 
muscle insertions that make brushing even more irritat-
ing. In these cases, especially in the posterior mandible, 
performing a vestibuloplasty with an autologous epi-
thelial connective tissue graft could ease home oral hy-
giene procedures. Because there is no firm evidence of 
MBL reduction, KT graft could be suggested to decrease 

pain while brushing, given that the short implants are 
placed in a nonesthetic area.

Overall, the most important factor for long-term 
stability of implant rehabilitations is probably hygienic 
maintenance; thus, regardless of the amount of KTh, 
home procedures and professional recall must be care-
fully carried out. Ideally, patients with implant rehabili-
tations on short dental implants should be examined 
with professional oral hygiene sessions every 3 months, 
especially in patients refusing KT augmentation. How-
ever, a personally tailored maintenance program 
should be scheduled according to every single specific 
clinical case.

Moreover, at the present time, the possible long-
term importance of KTh is still unclear.24,25 Other fac-
tors, such as peri-implant bone volume and implant 
diameter and design, may play an important role in 
short and extrashort implant rehabilitations and should 
be further investigated. Also, soft tissue thickness 
should be taken into consideration to reduce food im-
pact facilitating hygienic maintenance.

The quality and quantity of soft tissues are important 
in every implant rehabilitation regardless of implant 
length and should be taken into consideration in every 
treatment plan according to the single specific case.

To the best of the authors’ knowledge, this study is 
the first of its kind to evaluate the influence of KT in 
short implants. Nevertheless, this study presents limita-
tions and bias: the inclusion of different implant types, 
the retrospective study design, the number of patients, 
and the follow-up.

CONCLUSIONS

Taking into consideration that soft tissue volume and 
type should be considered in every implant rehabili-
tation, this study showed no statistically significant 
differences in MBL, complications, and implant failure 
rates between short implants with adequate or not-ad-
equate KThs. However, given the importance of patient 
comfort while brushing and plaque accumulation, KT 
grafts could be important in selected patients, especial-
ly for those who are severely atrophic, also taking into 

Table 3  �Mean Changes in Peri-implant Marginal Bone Levels from Baseline

1 y 3 y 5 y 8 y

Total population 0.74 ± 0.41 mm 0.87 ± 0.51 mm 1.29 ± 0.46 mm 1.52 ± 0.40 mm

Not-adequate KTh group 0.76 ± 0.38 mm 0.89 ± 0.45 mm 1.30 ± 0.47 mm 1.50 ± 0.51 mm

Adequate KTh group 0.71 ± 0.44 mm 0.83 ± 0.57 mm 1.26 ± 0.45 mm 1.53 ± 0.30 mm

Difference 0.05 mm 0.06 mm 0.04 mm 0.03 mm

P value .48 .34 .64 .82
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consideration all the limitations of this study and the 
medium-term follow-up. Above all, adequate hygienic 
maintenance plays a crucial role especially in short im-
plants but also in standard-length ones.

Nevertheless, longer follow-ups, larger numbers of 
patients, and RCTs are needed before making more reli-
able clinical recommendations.
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