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Aim: To evaluate the clinical and radiographic outcomes of 6-mm short implants, placed
in the posterior jaws and supporting splinted crowns, at 5 years after early loading.
Materials and Methods: Forty-five patients with 95 implants (diameter: 4 mm;
length: 6 mm) were enrolled at three centres. Two to three implants were placed in
either the maxillary or the mandibular posterior region in each patient and restored
with screw-retained splinted crowns at 6 weeks later. Clinical and radiographic out-
comes were evaluated at implant placement, at loading, and at 6, 12, 24, 36, and
60 months after loading. Biological and mechanical complications were recorded.
Marginal changes in bone level in relation to clinical parameters were evaluated using
a generalized linear mixed model.

Results: During the 5 years of follow-up, the mean change in the marginal bone level
(MBL) was 0.04 + 0.14 mm. Four implants in four patients were lost before loading,
one implant in one patient was lost at the 5-year follow-up, and two patients were
lost to follow-up. The survival and success rates were 88.4% (38/43) at the patient
level. The incidence rates of peri-implant mucositis and peri-implantitis were 29.4%
and 7.0%, respectively. The rate of technical complications was 14.0%.

Conclusions: Over a 5-year period, 6-mm short implants supporting early loaded
splinted crowns in maxillary or mandibular posterior regions showed stable MBLs

and acceptable technical and biological complication rates.

KEYWORDS
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Clinical Relevance

Scientific rationale for study: Short implants are an alternative to standard long implants com-
bined with bone grafting and have been used in patients with limited vertical bone in the poste-
rior region. However, there is a lack of long-term studies on the clinical performance of short
(6 mm) implants used in the posterior region.

Principal findings: Short implants of 6 mm resulted in survival and success rates of 88.4%, with
an acceptable complication rate and stable marginal bone level changes after 5 years.
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Practical implications: Short implants of 6 mm supporting splinted crowns can be used in the

maxillary or mandibular posterior region. Regular periodontal maintenance, however, is an

important determinant of the long-term success of short dental implants.

1 | INTRODUCTION

Implant therapy has become widely accepted as a method of oral rehabil-
itation in both partially and completely edentulous patients. Severe peri-
odontitis, pneumatization of the maxillary sinus, anatomic restrictions, and
post-extraction alveolar ridge resorption can lead to insufficient vertical
bone height. This presents a challenge for conventional dental implants in
the posterior region of the upper and lower jaws (Garbacea et al., 2012;
Calin et al,, 2014). Dental implant surgery in patients with a compromised
crestal bone height requires supplementary surgical procedures, such as
maxillary sinus floor elevation, guided bone regeneration, block grafting,
and inferior alveolar nerve transposition (Felice et al, 2014;
Schwartz, 2020). Short implants, as an alternative, have the advantages of
reduced morbidity, treatment time, and cost (Renouard & Nisand, 2006;
Esposito et al., 2011; Thoma et al., 2015; Pieri et al., 2017) compared to con-
ventional implants in combination with complex surgical procedures.

Studies on short implants have reported conflicting results.
Most earlier studies used implants with machined surfaces and
reported low survival rates (Hagi et al., 2004; Perelli et al., 2011).
However, recent improvements in implant design and surface
properties have yielded outcomes comparable to those of longer
implants (Pieri et al., 2012; Bechara et al., 2017; Pohl et al., 2017).
A few studies have demonstrated that splinted adjacent short
implants in the posterior jaws perform better, particularly for
implants with higher crown-to-implant ratios (Misch et al., 2005;
Hauchard et al., 2011).

In previous clinical studies, short-implant (<6 mm) survival rates were
similar to those of standard implants (>6 mm) (Pieri et al., 2017; Abduljabbar
et al,, 2018; Thoma et al., 2018; Guljé et al., 2019a, 2019b). However, one
study found that over 5 years, the survival rate of 6-mm implants was signif-
icantly lower than that of 10-mm implants (86.7% vs. 96.7%) (Rossi
et al,, 2016). Delayed implant failures after a loading period of more than
5 years have also been reported, mainly due to peri-implantitis (Dreyer
et al., 2018). Therefore, long-term prospective studies (>5 years) are needed
to evaluate the biological and technical outcomes of short (6-mm) implants.

The primary aim of this study was to evaluate changes in marginal
bone level (MBL) during a 5-year follow-up after loading. The second-
ary objectives included evaluation of the clinical parameters, biological

and mechanical complications, and implant survival and success rates.

2 | MATERIALS AND METHODS
21 | Study design

This study was a prospective, multicentre clinical study performed

at three centres in China: the Department of Periodontology,

Peking University School of Stomatology (Centre 1); the Second
Dental Center, Peking University School of Stomatology (Centre 2);
and the Department of Oral and Maxillofacial Surgery, the First
Dental Center, Peking University School of Stomatology (Centre 3).
The study was approved by the Ethics Committee of Peking Uni-
versity Medical Center and followed the guidelines proposed in the
STROBE statement for reporting observational studies (von Elm
et al., 2008). All surgeries and clinical observations were performed
by a maximum of three experienced dentists in each of the centres.
Before commencing the study, a meeting was held to develop
inspection standards, and relevant training was provided to all
investigators to ensure intra- and inter-examiner repeatability.
Study participants were recruited between February 2011 and
February 2012. All participants signed an informed consent prior to
the start of the study.

2.2 | Sample size calculation

The required sample size was estimated based on the 5-year MBL
data reported in a previous study (Wennstrom et al., 2004), using the
PASS 11 software (NCSS, LLC., Kaysville, UT, USA). The power was
set at 90%, alpha at .05, mean deviation at .76, minimum detectable
difference between visits at 0.5 mm, and correlation between mea-
sures within an individual at .65. Measurement repetitions were
7, covariance type was AR(1), and the minimal sample size was
23 patients. To ensure the accuracy of the study variables and to com-
pensate for possible losses to follow-up, we decided on a sample size

of 45 patients.

2.3 | Studysample

The inclusion criteria were as follows: signed informed consent; age
20-75 years at enrollment; no systemic diseases; partial edentulism in
the posterior maxilla or mandible (of at least 4 months duration); need
for 2-3 adjacent implants (premolars or molars); presence of natural
teeth adjacent to the planned implant sites; available bone height
>6 mm and ridge width 26 mm at the implant sites as assessed via
cone beam computed tomography; and opposing natural teeth, partial
prosthesis, or implants.

Individuals were excluded from this study if their medical history
included bone grafting at the planned implant sites, radiation to the
head or neck region, or chemotherapy within the previous 5 years.
Uncontrolled diabetes mellitus, untreated periodontitis, smoking more
than 10 cigarettes per day, drug abuse, and inability to comply with
the study were also exclusion criteria.

85U8017 SUOWILLIOD A1) 3]qeol [dde au Aq peueob ae Sapoiie YO ‘8Sn JO S3|nJ 10} AIq1T8UlUQ 48] M UO (SUORIPUOD-PUR-SWRIAL0O" A3 | IMALe.q Ul [UO//:SdNL) SUORIPUOD pue swie | 8ul 89S *[2202/TT/ST] uo AriqiTauliuo A81im ‘Aisieaiun Buo L ceir reybueys Aq 0T9ET @d0l/TTTT'OT/I0P/LI0Y A3 |IM AIq U1 |UO//SANY WO1J pepeoumoa 9 ‘ZZ0Z ‘XTS0009T



SUI ET AL

2.4 | Clinical procedures

A full-mouth periodontal evaluation was performed in accordance
with the current international classification scheme of periodontal dis-
eases (Caton et al., 2018; Murakami et al, 2018; Papapanou
et al., 2018). Periodontal therapy was performed in all patients to
ensure no sites with a probing depth (PD) greater than 5 mm at the

time of implant placement (IP).

241 | Implant placement

The implant surgery was performed following the standard one-stage
protocol, according to the manufacturer's instructions. The patients
rinsed with 0.2% chlorhexidine solution for 1 min pre-operatively. The
surgery was performed under local anaesthesia. After flap elevation,
two or three cylindrical titanium dental implants (OsseoSpeed TX,
Dentsply Sirona, York, PA, USA), 6 mm in length and 4 mm in diameter,
were placed. Bone quality was determined simultaneously (Lekholm &
Zarb, 1985). Primary implant stability was measured via insertion tor-
que and subsequently manually. In accordance with the protocol,
implants with healing abutment were allowed 6 weeks for transmucosal
healing. In cases of primary stability less than 15 Ncm, the implants
were left submerged. A periapical radiograph was taken post-opera-
tively. Patients were instructed to rinse with 0.12% chlorhexidine solu-
tion twice a day for 2 weeks. Amoxicillin (erythromycin in cases of
penicillin allergy), for 1 week, and analgesics, if required, were pre-
scribed post-operatively. To avoid excessive loading during the initial
healing period, patients were advised to take soft foods before provi-

sional prosthetic restoration. Sutures were removed after 7 days.

2.4.2 | Prosthetic procedure

At 5weeks after IP, implant stability was measured manually.
Uni-abutments were connected and tightened to 15 Ncm. Abutment-
level impressions were recorded, and provisional screw-retained splinted
polymer porcelain crowns were fabricated and delivered in full func-
tional occlusion at 6 weeks after IP. A final screw-retained fixed splinted
prosthesis (metal-ceramic) was installed on the uni-abutment and

torqued to 15 Ncm at 6 months after the provisional prothesis.

25 | Follow-up

Follow-ups were performed at 6 weeks after IP and at 6, 12, 24, 36,
and 60 months after temporary loading (TO). Clinical and radiographic
parameters were recorded. At each visit, oral hygiene procedures
were re-emphasized, and supragingival scaling was performed for
both natural teeth and implants. Subgingival scaling was also per-
formed if necessary. Supportive care for implants was based on the
cumulative interceptive supportive therapy (CIST) programme (Lang
et al., 2000; Smeets et al., 2014).

perioconioiogy SUMIBSACEE

2.6 | Primary outcome measure

The primary outcome measure was the change in peri-implant MBL
between loading/IP and each follow-up visit. At IP, at temporary pros-
thesis placement (loading, baseline), and at 6, 12, 24, 36, and
60 months after loading, periapical radiographs were obtained using
the standard parallel technique fixed by stents (Figure 1). Two inde-
pendent examiners performed the measurements using an image ana-
lysing tool (The Geometer's Sketchpad, version 5.01, Key Curriculum
Press, USA). The radiographs were individually calibrated on the basis
of implant length, and the distance was recorded to the nearest
0.1 mm. MBL was determined as the distance between a reference
point on the implant (i.e., the junction of the machined bevel and the
start of the micro-thread) and the most coronal bone-to-implant con-
tact point on the mesial and distal aspects of the implant. If the refer-
ence point was below the coronal bone-to-implant contact, the value
was considered negative. The mean of the mesial and distal aspects of
an implant was recorded as the MBL. Changes in the MBL were calcu-
lated from IP to TO and from TO to each follow-up visit.

2.7 | Secondary outcomes

2.7.1 | Clinical parameters

The following parameters were evaluated: presence of plaque, as
detected by running a probe across the marginal surface of the abut-
ment or the crown; PD, measured as the distance between the muco-
sal margin and the bottom of the pocket (in millimetres); and bleeding
on probing (BOP), as detected by probing to the bottom of the
pocket.

The first 3 years of follow-up were performed by each centre inde-
pendently. The clinical parameters mentioned above were recorded at
four sites—mesial, distal, buccal, and lingual/palatal—for each implant
(Han et al., 2018). The 5-year follow-up was performed by one experi-
enced periodontist. All clinical parameters at six sites—mesio-buccal,
mid-buccal, disto-buccal, mesio-lingual, mid-lingual, and disto-lingual—
were recorded for each implant. In addition, full-mouth periodontal
charts were recorded, and the full-mouth plaque score (FMPS) and full-

mouth bleeding score (FMBS) on probing were calculated.

2.7.2 | Biological and mechanical complications

Any adverse events that occurred during the follow-up period were
recorded. Biological complications included peri-implant mucositis and
peri-implantitis. Peri-implant mucositis was defined as bleeding on
probing and/or suppuration on gentle probing, with or without
increased PD compared to previous examinations, and the absence of
bone loss after the initial bone remodelling. Peri-implantitis was
defined as bleeding on probing and/or suppuration, increased PD
compared to previous examinations, and the occurrence of bone loss

after the initial bone remodelling (Berglundh et al., 2018).
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FIGURE 1

Radiograph taken at (a) implant placement, (b) provisional prosthesis delivery (loading, baseline), and (c) definitive prosthesis

delivery (6 months after loading), (d) 1 year after loading, (e) 3 years after loading, and (f) 5 years after loading

Prosthesis complications were also recorded, including screw
loosening or fractures and veneer fractures. The survival and success
rates of the restorations were assessed via intra-oral visual and tactile
control of the restoration surface based on the modified US Public
Health Service criteria (Cvar & Ryge, 2005), as previously reported
(Spies et al, 2018). Restorations with minor chipping, small-area
occlusal roughness, slightly soundable restoration margins, minimal
contour deficiencies, and tolerable mismatch in colour were regarded

as successful.

2.7.3 | Implant survival and success rates

Implant survival was defined as implants that were in place and func-
tioning at the time of follow-up. Implant success was based on the fol-
lowing criteria: no pain or tenderness on function; no mobility; less
than 2 mm radiographic bone loss since initial surgery; and no suppu-
ration (Misch et al., 2008).

2.8 | Statistical analysis
Statistical analysis was performed using the SPSS Statistics software
26.0 (IBM Corp., Armonk, NY, USA).

The results of the clinical parameters and MBL are presented
using descriptive methods, for example, mean, median, and standard
deviation (SD). In regard to patient-level descriptive analysis, mean
MBL and PD values of all implants were calculated. BOP over any
implant in a patient was considered BOP(+). Plaque detected at any
site over any implant was considered as the presence of plaque. The
intra- and inter-examiner reliability of MBL were assessed using the
intra-class correlation coefficient (ICC). A generalized linear mixed

model was used to analyse MBL changes at the implant level and their

correlations with the clinical parameters. Correlations between
implants within the same patient were considered a random effect.
The level of significance was set at p = .05 for all comparisons.

All patients with previously reported failures (eight implants in
four patients) and two patients (four implants) with unqualified imag-
ing examinations were excluded from the final radiographic analysis;
thus, a total of 12 implants in six patients were excluded. The final
radiographic analysis included 83 implants in 39 subjects. All patients
who completed the 5-year follow-up were enrolled in the analysis of

clinical variables, such as the presence of plaque, PD, and BOP.

3 | RESULTS

Based on the inclusion and exclusion criteria mentioned above,
45 patients (95 implants) were enrolled in the clinical trial (17 males
and 28 females; mean age: 53 years; range: 26-73 years).

Sixty-four implants were placed in the mandible and 31 in the
maxilla. Over the study period, one patient died of cancer shortly
before completion of the 3-year follow-up, while one patient
relocated to another city and was followed up by telephone at the
5-year follow-up. The remaining 43 patients with 86 implants com-
pleted the 5-year evaluation. The drop-out rate was 4.65% (2/45).
The patient characteristics and clinical parameters are shown in
Table 1.

3.1 | Primary outcome

The intra- and inter-examiner reliability of the MBL values were
assessed using the ICC; this resulted in reliability scores of 0.99 and
0.95 for the two examiners, and 0.89 for inter-examiner reliability.

The MBL values at various visits are shown in Table 2, and changes in
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TABLE 1 Patient characteristics

Description of patient characteristics and clinical parameters
No. of patients

Total 45

Patients (implants)

Centre 1 20 (44)

Centre 2 14(25)

Centre 3 11 (26)
Gender

Female 28

Male 17
Age (years)

Mean 53

Min 26

Max 73

Smoking status® (no. of patients)

Non-smoker 40
Habitual 1
Occasional 1
Ex-smoker 3

Oral examination (no. of patients)
Abnormal jaw relations 1
Bruxism 2

Edentulous period (months)

Mean 74
Min. 4
Max. 240

Reason for tooth loss (tooth number/patient number)

Caries/endodontic 65/32
Periodontitis 29/13
Trauma 1/1

Periodontal condition® (no. of patients)

Periodontitis 35
Stage Il 16
Stage IlI 14
Stage IV 5
Grade B 28
Grade C 7
Plague-induced gingivitis 10
Implant location (no. of implant sites)
Maxilla 31 (13 in premolars and 18 in molars)
Mandible 64 (11 in premolars and 53 in molars)

Bone quality© (no. of implant sites)

2 60
3 33
4 2

2Smoking status: Habitual smoking was defined as 1-10 cigarettes per day;
occasional smoking was defined as smoking at least once a week, but not daily.
PThe periodontal condition was assessed according to the 2018 new
classification of periodontal diseases and conditions.

“Bone quality was assessed according to Lekholm and Zarb (1985).

erioconioioay SUMIIBSACES

these values over time are presented in Table 3. During the bone
remodelling period (between IP and TO), there was a slight decrease in
the mean MBL of 0.12 + 0.19 mm at the patient level. From TO to
6 months and at 1, 2, 3, and 5 years after loading, the MBL changes
remained stable, with small changes of —0.04 + 0.08, —0.05 + 0.11, —
0.05 +0.14, —0.06 £ 0.13, and —0.04 + 0.14 mm, respectively.
Overall, 16% of the implants showed no MBL changes, while 30%
showed bone gain over the 5-year period. There was no significant
difference in MBL changes between the maxilla and the mandible
(Figure 2). In the analysis using the generalized linear mixed model,
MBL remained stable through the 5-year follow-up (Table 4). The
presence of plague, BOP, and a mandibular implant were associated
with increased MBL changes but were not statistically significant.
MBL changes increased with increased PD, but the changes

(0.04 mm) were minimal and considered clinically non-significant.

3.2 | Secondary outcomes

3.2.1 | Clinical characteristics

Based on the initial full-mouth periodontal charts, 35 patients were
diagnosed with periodontitis. Periodontal treatment was provided
before the clinical trial. The periodontal parameters remained stable at
the 5-year follow-up, with FMPS and FMBS values of 29.5% and
12.7%, respectively.

Table 5 shows peri-implant clinical parameters. Detectable plague
was present in 50% of the patients at TO, and varied between 27.5%
and 43.2% during the 5-year follow-up period. The percentages of
patients with BOP were 30.0%, 30.0%, 42.5%, 40.0%, 55.0%, and
29.4% at the follow-up time points, respectively. The mean PD value
of all implant sites at 5 years after loading was 2.41 + 0.46 mm at the
patient level, which is slightly higher than the PD recorded at TO
(2.20 £ 0.76 mm).

3.2.2 | Biological and mechanical complications
Peri-implant mucositis was observed in 30.0%, 42.5%, 40.0%, 55.0%,
and 29.4% of the implants at 6 months and at 1, 2, 3, and 5 years after
loading, respectively. Three implants in three patients were diagnosed
with peri-implantitis, resulting in a prevalence of peri-implantitis of
7.0% (3/43) at the patient level and 3.5% (3/86) at the implant level
over the 5-year follow-up period.

In total, eight implants in six patients exhibited mechanical compli-
cations. Minor chipping occurred in seven implants: one at
6-12 months after loading, one at 2-3 years after loading, and five at
3-5 years after loading. In addition, one severe veneer fracture occurred
at 3-5 years after loading, which required prosthesis replacement.

The total mechanical complication rate at the 5-year follow-up
was 14.0% (6/43), while the restoration success rate was
97.7% (42/43).
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TABLE 2 Marginal bone levels at each visit
IP TO Té6 T12 T24 T36 T60
Patient level
N 39 39 39 39 38 38 34
Mean + SD (mm) —-0.20£0.15 —0.08 +0.19 —0.04 £ 0.15 —-0.03+£0.15 —-0.02 £0.21 —-0.02 £ 0.19 —-0.01+0.21
Median (mm) -0.20 —0.08 —0.06 0.00 —0.05 —0.05 -0.04
Min.;Max. (mm) —-0.47;0.09 —0.33;0.77 —0.33;0.62 —0.26;0.63 —0.33;0.99 —0.28;0.92 —0.40;0.86
Implant level
N 83 83 83 83 80 81 74
Mean + SD (mm) —-0.19 £ 0.18 —0.07 +£0.22 —0.04 +0.19 —-0.03 £ 0.19 —0.02 +0.24 —0.02 +0.23 —0.01 +0.26
Median (mm) -0.20 —0.08 0.00 0.00 0.00 0.00 0.00
Min.;Max. (mm) —0.54;0.27 —0.41;0.97 —0.53;0.86 —0.51;0.91 —0.45;1.32 —0.49;1.24 —0.63;1.33

Note: Negative values indicate reference point below the coronal bone-to-implant contact, while positive values indicate reference point over the coronal

bone-to-implant contact.

Abbreviation: IP, implant placement; TO, loading; T6, T12, T24, T36, and T60 denote 6, 12, 24, 36, and 60 months after loading.

TABLE 3 Marginal bone level changes

IP to TO TO to T6 TO to T12 TO to T24 TO to T36 TO to T60

Patient level

N 39 39 39 38 38 34

Mean £ SD (mm) -0.12£0.19 —0.04 £0.08 -0.05+£0.11 -0.05+0.14 —0.06 £0.13 —0.04 £0.14

Median (mm) -0.11 -0.04 —-0.03 —-0.03 —-0.02 —0.06

Min.; Max. (mm) —1.09;0.09 —0.20;0.15 —0.35;0.15 —0.41;0.18 —0.36;0.19 —0.48;0.16
Implant level

N 83 83 83 80 81 74

Mean #+ SD (mm) -0.12+0.21 —-0.04+0.11 —0.05+0.13 —0.05+0.17 —0.05+0.16 —0.07 £0.20

Median (mm) —0.05 0.00 0.00 0.00 -0.01 0.00

Min.;Max. (mm) —1.30;0.18 —-0.37,0.19 -0.41,0.31 -0.71,0.33 —0.41;0.38 —0.77;0.57

Note: Negative values indicate bone loss, while positive values indicate bone gain.

3.2.3 | Implant survival and success
loss gain

1.0 Y Two patients with four implants were lost until the final follow-up
Mandible visit. Five implants in five patients failed, resulting in an implant
2 0.8 T ®  Maila survival rate of 88.4% (38/43) at the patient level and 94.5%
%_ f‘ (86/91) at the implant level. Among the five lost implants, four
:.§ 0.6+ A were lost at the time of impression because of obvious mobility
i : and one was removed at the 5-year visit because of severe peri-
E 0.4+ : implantitis. The four implants lost before loading were all in the
g : mandible, while the one lost after loading was in the maxilla.
O 0.2+ u Another implant rotated at the time of impression, at 5 weeks
: after the surgery, but osseointegrated with a prolonged healing
0.0 i i i I . i i i T , ! time of 5 months; it was then restored. This implant was consid-

-5 -4 3 =2 A 0 1 2 3 4 5
Bone level changes (mm) from loading to 5 years follow up

FIGURE 2 Cumulative plot of changes in marginal bone level
from loading to 5 years after loading

ered a success and was included in the clinical, but not in the
radiographic, analysis.

Based on the implant success criteria, the success rate was 88.4%
(38/43) at the patient level and 94.5% (86/91) at the implant level.
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TABLE 4 Multivariable analysis of marginal bone level changes
(generalized linear mixed model)

Parameter
Mixed effect

Visit time
IP-TO
TO-T6
TO-T12
TO-T24
TO-T36
TO-T60

PD

BOP
BOP (-)
BOP (+)

Presence of plaque
Not present
Present

Jaw
Maxilla
Mandible

Random effect
Intercept

Var (Visit time)

Note: Negative values indicate bone loss greater than the reference, while

Coefficient (95% Cl)

—0.04 (-0.10, 0.01)
0.05 (-0.01, 0.10)
0.03 (-0.03, 0.09)
0.03 (—0.03, 0.09)
0.04 (-0.01, 0.10)
Reference

—0.04 (-0.07, —0.01)

0.01 (—0.03, 0.05)

Reference

0.023 (—0.02, 0.06)

Reference

0.03 (—0.04, 0.10)

Reference

0.01 (0.00, 0.01)
0.00 (0.00, 0.01)

p value

0.13
0.11
0.30
0.29
0.10

0.02

0.64

0.256

0.39

0.00
0.24

positive values indicate bone loss less than the reference.
Significant associations are highlighted in bold.
Abbreviations: BOP, bleeding on probing; IP, implant placement; PD,

probing depth.

TABLE 5
implant level
Variable
Patient level
PD (mm)
Mean + SD
Median
Min; Max
BOP (%)
Presence of plaque (%)
Implant level
PD (mm)
Mean + SD
Median
Min.; Max.
BOP (%)

Presence of plaque (%)

TO

2.20+0.76
2.00
1.00;3.88
30.0
50

221+081
2.00
1.00;4.25
26.2
50

Té

248 +0.58
2.50
1.25;3.67
30.0
43.2

2.50 £ 0.62
2.50
1.25;4.00
26.0
40.3
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4 | DISCUSSION

This prospective study demonstrated that 6-mm short implants with
splinted crowns in the posterior region resulted in a mean MBL
change of 0.04 + 0.14 mm, a survival rate of 88.4% and a success rate
of 88.4% at the patient level, and stable peri-implant soft tissues.
Mean MBL changes over the 5-year follow-up were minimal and not
statistically significant. Our results are in agreement with those of pre-
vious 5-year longitudinal studies that used the same 6-mm implant
system for early loading with splinted crowns (Guljé et al., 2013; Gulje
et al., 2021), which also reported minimal MBL changes of 0.01
+ 0.45 mm.

Implant survival rates in this study were consistent with previous
studies on short implants with at least 5 years of loading (Rossi
et al,, 2015; Thoma et al., 2018). However, a meta-analysis showed
that short implants (<6 mm) had survival rates between 86.7% and
100%, with higher variability and lower predictability compared to
longer implants (95%-100%) (Papaspyridakos et al., 2018). In addition,
short implants (<6 mm) may present a greater risk for delayed failure.
Another meta-analysis, which investigated the effects of function time
on the predictability of short dental implants, also demonstrated that
failure rates were higher in short implants that had been in function
for more than 3 years compared to those that had been in function
for less than 3 years (Vazouras et al., 2020).

Short implants were recommended with wide diameter by some
studies (Petrie & Williams, 2005; Raaj et al., 2019). A recent random-
ized clinical trial compared short implants with long implants com-
bined with sinus floor elevation in moderately atrophic posterior
maxillae (Shi et al., 2019). The results demonstrated that the survival
rate of short implants with wider diameter (4.8 mm) was higher than
that of short implants with narrow diameter (4.1 mm). Another study,

Clinical parameters for probing depth (PD), bleeding on probing (BOP), and presence of plaque at the patient level and at the

T12 T24 T36 T60
2.27 +0.56 242 +0.58 272 +0.74 241 +046
225 242 2.63 2.33
1.13;3.63 1.38;3.75 1.50;4.75 1.50;3.75
42.5 40.0 55.0 29.4
40 27.5 46.2 38.5
226 £0.62 241 +£0.67 2.71+£0.79 241 +£0.68
2.25 2.50 2.50 2.33
1.00;4.00 1.00;4.50 1.25;5.75 1.33;4.00
259 37.6 50.6 22.8
294 224 422 329
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which compared regular (4.3 mm) and wider implants (5-6 mm) over
3-6 years, found that the wider implants had lower failure rates, but
the MBL values were similar in both implant types (Mendonca
et al, 2017). A meta-analysis of prospective clinical trials found that
the implant width (3.5/4.0/4.1/4.8/5.1 mm) did not significantly
affect the survival rates of short implants (Monje et al., 2013). To the
best of our knowledge, it remains uncertain whether implant width
has any significant effect. In recent studies with 2-5 years of follow-
up, short implants with a diameter of 4.0 mm performed well (Pieri
et al., 2012; Thoma et al., 2018; Felice et al., 2019). Further long-term
prospective studies on this issue are needed.

In the present study, all restorations were splinted with two or
three implants. Several studies have suggested that, in the posterior
region, splinted restoration should be considered if short implants are
used (ten Bruggenkate et al., 1998; Misch et al., 2005; Renouard &
Nisand, 2006; Draenert et al., 2012; Vazouras et al., 2020). However,
single crowns supported by 6-mm short implants have been used in
several studies with predictable clinical outcomes (Rossi et al., 2015;
Thoma et al., 2018; Guljé et al., 2019a, 2019b). In those studies, short
implants had survival rates and MBL similar to those of longer
implants. The effects of splinted and non-splinted prostheses on the
clinical outcomes of 6-mm short implants and longer implants were
evaluated in a split-mouth study (Clelland et al., 2016). It was found
that peri-implant MBL values around splinted and non-splinted
implants were similar for the short and longer implants, but all inci-
dences of screw loosening occurred in non-splinted prostheses. In our
study, no screw loosening could be observed during the follow-up
period and the incidence of veneer fractures was 14.0% at the final
visit. The incidence of technical complications was much lower than
reported for single-crown restorations in another study (47.7%)
(Thoma et al., 2018). However, splinted crowns prevent evaluation of
individual implant mobility, and implant assessment must rely on
radiographs and clinical signs and symptoms in these cases.

In the present study, four implant failures occurred before loading
and one was lost at the 5-year visit after loading because of peri-
implantitis. All five patients who lost an implant had a history of peri-
odontitis. Among the four early failures, the possible risk factors
included a history of severe periodontitis, a history of smoking, poor
bone quality (type 1V), and a history of diabetes mellitus. Hence, the
early failures may have been influenced by confounding factors. The
late failure caused by peri-implantitis was also associated with a his-
tory of periodontitis and heavy smoking (the patient was an ex-
smoker at the time of enrollment but reverted to smoking 20-30 ciga-
rettes/day at approximately 1 year after surgery). In the consensus
report of the 2018 World Workshop on the classification of periodon-
tal and peri-implant diseases and conditions, it was stated that the
incidence of peri-implantitis was higher and long-term success rates
were lower in patients with a history of periodontitis and smoking
(Schwarz et al., 2018). This has also been established by several previ-
ous studies (Karoussis et al.,, 2003; Van der Weijden et al., 2005;
Ferreira et al., 2006; Sousa et al., 2016). The impact of peri-implantitis
on short implants, with a limited intra-bony portion, is more significant

than on longer implants. Therefore, periodontitis control and

maintenance therapy are critical for the long-term survival of short
implants. In our study, approximately 80% of the patients were diag-
nosed with periodontitis, of which 54.3% were stage Ill/IV. Initial
FMBS was 91.6% in the patients. All patients received standard peri-
odontal therapy before implant placement. After treatment, the mean
FMBS decreased to 45.1%, and there was no site with a PD >5 mm.
During the follow-up period, all patients received regular maintenance
at every 6-12 months. After a 5-year follow-up, the FMPS and FMBS
values were 29.5% and 12.7%, respectively, which are significant
improvements compared to the values after the initial periodontal
therapy. However, these full-mouth clinical parameters were still
higher than those reported in a similar study (Rossi et al., 2015). At
the patient level, the mean percentage of plague was 38.5% and the
mean BOP was 29.4% at the 5-year follow-up. The mean PD value at
implant sites was 2.41 + 0.46 mm. These findings are consistent with
those of other similar studies (Abduljabbar et al., 2018; Shi
et al., 2019). These results may be attributable to strict maintenance
by professional periodontists and reinforced oral hygiene instructions
at each visit.

The limitations of this study should also be considered while
interpreting the results. The main limitation was that splinted crowns
make the evaluation of individual implant mobility difficult. In addition,
this was not a randomized controlled study, and the results should be
interpreted cautiously.

5 | CONCLUSION

Over a 5-year period, 6-mm implants supporting early loaded splinted
crowns in maxillary or mandibular posterior regions showed stable
MBL values and acceptable technical and biological complication
rates. However, the use of shorter implants is limited to certain clinical

situations and requires regular periodontal maintenance.

ACKNOWLEDGEMENTS
This research was conducted with support from Dentsply Sirona
Implants (IS No. I-AS-15-065).

ETHICS STATEMENT

The study was approved by the Ethics Committee of Peking Univer-
sity Medical Center and Peking University School of Stomatology with
the study number: IRBO0001052-11003 and PKUSSIRB-201628064.

CONFLICT OF INTEREST

The authors declare no conflicts of interest.

AUTHOR CONTRIBUTIONS

Investigation, data curation, formal analysis, visualization, writing - origi-
nal draft preparation: Huiping Sui. Methodology, investigation: Zhihui
Tang and Xiao Zhang. Data curation: Diyuan Wei. Conceptualization,
methodology, project administration, writing - review and editing:
Huanxin Meng. Funding acquisition, conceptualization, methodology,

supervision, project administration, writing - review and editing: Jie Han.

85U8017 SUOWILLIOD A1) 3]qeol [dde au Aq peueob ae Sapoiie YO ‘8Sn JO S3|nJ 10} AIq1T8UlUQ 48] M UO (SUORIPUOD-PUR-SWRIAL0O" A3 | IMALe.q Ul [UO//:SdNL) SUORIPUOD pue swie | 8ul 89S *[2202/TT/ST] uo AriqiTauliuo A81im ‘Aisieaiun Buo L ceir reybueys Aq 0T9ET @d0l/TTTT'OT/I0P/LI0Y A3 |IM AIq U1 |UO//SANY WO1J pepeoumoa 9 ‘ZZ0Z ‘XTS0009T



SUI ET AL

DATA AVAILABILITY STATEMENT
The data that support the findings of this study are available from the

corresponding author upon reasonable request.

ORCID
Huanxin Meng ‘' https://orcid.org/0000-0002-2954-818X
Jie Han "2 https://orcid.org/0000-0001-7229-7964

REFERENCES

Abduljabbar, T., Al-Hamoudi, N., Al-Sowygh, Z. H., Alajmi, M., Javed, F., &
Vobhra, F. (2018). Comparison of peri-implant clinical and radiographic
status around short (6 mm in length) dental implants placed in
cigarette-smokers and never-smokers: Six-year follow-up results. Clini-
cal Implant Dentistry and Related Research, 20(1), 21-25.

Bechara, S., Kubilius, R., Veronesi, G., Pires, J. T., Shibli, J. A, &
Mangano, F. G. (2017). Short (6-mm) dental implants versus sinus floor
elevation and placement of longer (>10-mm) dental implants: A ran-
domized controlled trial with a 3-year follow-up. Clinical Oral Implants
Research, 28(9), 1097-1107.

Berglundh, T., Armitage, G., Araujo, M. G., Avila-Ortiz, G., Blanco, J.,
Camargo, P. M., Chen, S., Cochran, D., Derks, J., Figuero, E.,
Hammerle, C. H. F., Heitz-Mayfield, L. J. A., Huynh-Ba, G., lacono, V.,
Koo, K. T., Lambert, F., McCauley, L., Quirynen, M., Renvert, S, ...
Zitzmann, N. (2018). Peri-implant diseases and conditions: Consensus
report of workgroup 4 of the 2017 World Workshop on the Classifica-
tion of Periodontal and Peri-Implant Diseases and Conditions. Journal
of Clinical Periodontology, 45(Suppl 20), S286-5291.

Calin, C., Petre, A., & Drafta, S. (2014). Osteotome-mediated sinus floor
elevation: A systematic review and meta-analysis. The International
Journal of Oral & Maxillofacial Implants, 29(3), 558-576.

Caton, J. G., Armitage, G., Berglundh, T., Chapple, I. L. C., Jepsen, S.,
Kornman, K. S., Mealey, B. L., Papapanou, P. N. Sanz, M, &
Tonetti, M. S. (2018). A new classification scheme for periodontal and
peri-implant diseases and conditions - Introduction and key changes
from the 1999 classification. Journal of Clinical Periodontology, 45-
(Suppl 20), S1-S8.

Clelland, N., Chaudhry, J., Rashid, R. G., & McGlumphy, E. (2016). Split-
mouth comparison of splinted and nonsplinted prostheses on short
implants: 3-year results. The International Journal of Oral & Maxillofacial
Implants, 31(5), 1135-1141.

Cvar, J. F., & Ryge, G. (2005). Reprint of criteria for the clinical evaluation
of dental restorative materials. 1971. Clinical Oral Investigations, 9(4),
215-232.

Draenert, F. G., Sagheb, K., Baumgardt, K., & Kammerer, P. W. (2012). Ret-
rospective analysis of survival rates and marginal bone loss on short
implants in the mandible. Clinical Oral Implants Research, 23(9), 1063~
1069.

Dreyer, H., Grischke, J., Tiede, C. Eberhard, J., Schweitzer, A,
Toikkanen, S. E., Glockner, S., Krause, G., & Stiesch, M. (2018). Epide-
miology and risk factors of peri-implantitis: A systematic review. Jour-
nal of Periodontal Research, 53(5), 657-681.

Esposito, M., Pellegrino, G., Pistilli, R., & Felice, P. (2011). Rehabilitation of
postrior atrophic edentulous jaws: Prostheses supported by 5 mm
short implants or by longer implants in augmented bone? One-year
results from a pilot randomised clinical trial. European Journal of Oral
Implantology, 4(1), 21-30.

Felice, P., Cannizzaro, G., Barausse, C., Pistilli, R., & Esposito, M. (2014).
Short implants versus longer implants in vertically augmented poste-
rior mandibles: A randomised controlled trial with 5-year after loading
follow-up. European Journal of Oral Implantology, 7(4), 359-369.

Felice, P., Pistilli, R., Barausse, C., Piattelli, M., Buti, J., & Esposito, M.
(2019). Posterior atrophic jaws rehabilitated with prostheses
supported by 6-mm-long 4-mm-wide implants or by longer implants in

rerioconioieay SUMIBSACE

augmented bone. Five-year post-loading results from a within-person
randomised controlled trial. International Journal of Oral Implantology
(New Malden), 12(1), 57-72.

Ferreira, S. D., Silva, G. L., Cortelli, J. R., Costa, J. E., & Costa, F. O. (2006).
Prevalence and risk variables for peri-implant disease in Brazilian sub-
jects. Journal of Clinical Periodontology, 33(12), 929-935.

Garbacea, A., Lozada, J. L., Church, C. A, Al-Ardah, A. J., Seiberling, K. A.,
Naylor, W. P., & Chen, J. W. (2012). The incidence of maxillary sinus
membrane perforation during endoscopically assessed crestal sinus
floor elevation: A pilot study. The Journal of Oral Implantology, 38(4),
345-359.

Guljé, F., Abrahamsson, I., Chen, S., Stanford, C., Zadeh, H., & Palmer, R.
(2013). Implants of 6 mm vs. 11 mm lengths in the posterior maxilla
and mandible: A 1-year multicenter randomized controlled trial. Clinical
Oral Implants Research, 24(12), 1325-1331.

Gulje, F. L., Meijer, H. J. A, Abrahamsson, I, Barwacz, C. A., Chen, S.,
Palmer, P. J., Zadeh, H., & Stanford, C. M. (2021). Comparison of
6-mm and 11-mm dental implants in the posterior region supporting
fixed dental prostheses: 5-year results of an open multicenter random-
ized controlled trial. Clinical Oral Implants Research, 32(1), 15-22.

Guljé, F. L., Raghoebar, G. M., Vissink, A., & Meijer, H. J. A. (2019a). Single
crown restorations supported by 6-mm implants in the resorbed pos-
terior mandible: A five-year prospective case series. Clinical Implant
Dentistry and Related Research, 21(5), 1017-1022.

Guljé, F. L., Raghoebar, G. M., Vissink, A., & Meijer, H. J. A. (2019b). Single
crowns in the resorbed posterior maxilla supported by either 11-mm
implants combined with sinus floor elevation or 6-mm implants:A
5-year randomised controlled trial. International Journal of Oral
Implantology (New Malden), 12(3), 315-326.

Hagi, D., Deporter, D. A, Pilliar, R. M., & Arenovich, T. (2004). A targeted
review of study outcomes with short (< or = 7 mm) endosseous dental
implants placed in partially edentulous patients. Journal of Periodontol-
ogy, 75(6), 798-804.

Han, J., Tang, Z., Zhang, X., & Meng, H. (2018). A prospective, multi-center
study assessing early loading with short implants in posterior regions.
A 3-year post-loading follow-up study. Clinical Implant Dentistry and
Related Research, 20(1), 34-42.

Hauchard, E., Fournier, B. P., Jacg, R., Bouton, A., Pierrisnard, L., &
Naveau, A. (2011). Splinting effect on posterior implants under various
loading modes: A 3D finite element analysis. The European Journal of
Prosthodontics and Restorative Dentistry, 19(3), 117-122.

Karoussis, |. K., Salvi, G. E. Heitz-Mayfield, L. J., Bragger, U,
Hammerle, C. H., & Lang, N. P. (2003). Long-term implant prognosis in
patients with and without a history of chronic periodontitis: A 10-year
prospective cohort study of the ITI Dental Implant System. Clinical
Oral Implants Research, 14(3), 329-339.

Lang, N. P., Wilson, T. G., & Corbet, E. F. (2000). Biological complications
with dental implants: Their prevention, diagnosis and treatment. Clini-
cal Oral Implants Research, 11(Suppl 1), 146-155.

Lekholm, U. & Zarb, G. A. (1985). Patient selection and preparation. In: P.-I.
Branemark, G. A. Zarb & T. Albrektsson (Eds.), Tissue Integrated Prosthe-
ses: Osseointegration in Clinical Dentistry (pp. 199-209). Chicago: Quin-
tessence Publishing Company.

Mendonca, J. A, Senna, P. M. Francischone, C. E. Francischone
Junior, C. E., & Sotto-Maior, B. S. (2017). Influence of the diameter of
dental implants replacing single molars: 3- to 6-year follow-up. The
International Journal of Oral & Maxillofacial Implants, 32(5), 1111-1115.

Misch, C. E., Goodacre, C. J., Finley, J. M., Misch, C. M., Marinbach, M.,
Dabrowsky, T., English, C. E., Kois, J. C., & Cronin, R. J., Jr. (2005). Con-
sensus conference panel report: Crown-height space guidelines for
implant dentistry-part 1. Implant Dentistry, 14(4), 312-318.

Misch, C. E., Perel, M. L., Wang, H. L., Sammartino, G., Galindo-Moreno, P.,
Trisi, P., Steigmann, M., Rebaudi, A., Palti, A., Pikos, M. A., Schwartz-
Arad, D., Choukroun, J., Gutierrez-Perez, J. L, Marenzi, G, &
Valavanis, D. K. (2008). Implant success, survival, and failure: The

85U8017 SUOWILLIOD A1) 3]qeol [dde au Aq peueob ae Sapoiie YO ‘8Sn JO S3|nJ 10} AIq1T8UlUQ 48] M UO (SUORIPUOD-PUR-SWRIAL0O" A3 | IMALe.q Ul [UO//:SdNL) SUORIPUOD pue swie | 8ul 89S *[2202/TT/ST] uo AriqiTauliuo A81im ‘Aisieaiun Buo L ceir reybueys Aq 0T9ET @d0l/TTTT'OT/I0P/LI0Y A3 |IM AIq U1 |UO//SANY WO1J pepeoumoa 9 ‘ZZ0Z ‘XTS0009T


https://orcid.org/0000-0002-2954-818X
https://orcid.org/0000-0002-2954-818X
https://orcid.org/0000-0001-7229-7964
https://orcid.org/0000-0001-7229-7964

SUI ET AL

AL Peroconoiogy

International Congress of Oral Implantologists (ICOI) Pisa Consensus
Conference. Implant Dentistry, 17(1), 5-15.

Monje, A., Fu, J. H, Chan, H. L, Suarez, F., Galindo-Moreno, P.,
Catena, A., & Wang, H. L. (2013). Do implant length and width matter
for short dental implants (<10 mm)? A meta-analysis of prospective
studies. Journal of Periodontology, 84(12), 1783-1791.

Murakami, S., Mealey, B. L., Mariotti, A., & Chapple, I. L. C. (2018). Dental
plaque-induced gingival conditions. Journal of Clinical Periodontology,
45(Suppl 20), S17-527.

Papapanou, P. N. Sanz, M., Buduneli, N., Dietrich, T., Feres, M,
Fine, D. H., Flemmig, T. F., Garcia, R., Giannobile, W. V., Graziani, F.,
Greenwell, H., Herrera, D., Kao, R. T., Kebschull, M., Kinane, D. F.,
Kirkwood, K. L. Kocher, T.,, Kornman, K. S, Kumar, P. S, ..
Tonetti, M. S. (2018). Periodontitis: Consensus report of workgroup
2 of the 2017 World Workshop on the Classification of Periodontal
and Peri-Implant Diseases and Conditions. Journal of Clinical Periodon-
tology, 45(Suppl 20), S162-5170.

Papaspyridakos, P., De Souza, A., Vazouras, K., Gholami, H., Pagni, S., &
Weber, H. P. (2018). Survival rates of short dental implants (<6 mm)
compared with implants longer than 6 mm in posterior jaw areas: A
meta-analysis. Clinical Oral Implants Research, 29(Suppl 16), 8-20.

Perelli, M., Abundo, R., Corrente, G., & Saccone, C. (2011). Short (5 and
7 mm long) porous implant in the posterior atrophic mandible: A
5-year report of a prospective study. European Journal of Oral
Implantology, 4(4), 363-368.

Petrie, C. S., & Williams, J. L. (2005). Comparative evaluation of implant
designs: Influence of diameter, length, and taper on strains in the alve-
olar crest. A three-dimensional finite-element analysis. Clinical Oral
Implants Research, 16(4), 486-494.

Pieri, F., Aldini, N. N., Fini, M., Marchetti, C., & Corinaldesi, G. (2012). Pre-
liminary 2-year report on treatment outcomes for 6-mm-long implants
in posterior atrophic mandibles. The International Journal of Prostho-
dontics, 25(3), 279-289.

Pieri, F., Forlivesi, C., Caselli, E., & Corinaldesi, G. (2017). Short implants
(6mm) vs. vertical bone augmentation and standard-length implants
(29mm) in atrophic posterior mandibles: A 5-year retrospective study.
International Journal of Oral and Maxillofacial Surgery, 46(12), 1607-
1614.

Pohl, V., Thoma, D. S., Sporniak-Tutak, K., Garcia-Garcia, A., Taylor, T. D.,
Haas, R., & Hammerle, C. H. (2017). Short dental implants (6 mm) ver-
sus long dental implants (11-15 mm) in combination with sinus floor
elevation procedures: 3-year results from a multicentre, randomized,
controlled clinical trial. Journal of Clinical Periodontology, 44(4),
438-445.

Raaj, G., Manimaran, P., Kumar, C. D., Sadan, D. S., & Abirami, M. (2019).
Comparative evaluation of implant designs: Influence of diameter,
length, and taper on stress and strain in the mandibular segment-A
three-dimensional finite element analysis. Journal of Pharmacy & Bio-
allied Sciences, 11(Suppl 2), S347-5354.

Renouard, F., & Nisand, D. (2006). Impact of implant length and diame-
ter on survival rates. Clinical Oral Implants Research, 17(Suppl 2),
35-51.

Rossi, F., Botticelli, D., Cesaretti, G., De Santis, E., Storelli, S., & Lang, N. P.
(2016). Use of short implants (6 mm) in a single-tooth replacement: A
5-year follow-up prospective randomized controlled multicenter clini-
cal study. Clinical Oral Implants Research, 27(4), 458-464.

Rossi, F., Lang, N. P., Ricci, E., Ferraioli, L., Marchetti, C., & Botticelli, D.
(2015). Early loading of 6-mm-short implants with a moderately rough
surface supporting single crowns--a prospective 5-year cohort study.
Clinical Oral Implants Research, 26(4), 471-477.

Schwartz, S. R. (2020). Short implants: An answer to a challenging
dilemma? Dental Clinics of North America, 64(2), 279-290.

Schwarz, F., Derks, J., Monje, A., & Wang, H. L. (2018). Peri-implantitis.
Journal of Clinical Periodontology, 45(Suppl 20), S246-5266.

Shi, J. Y, Li, Y., Qiao, S. C., Gu, Y. X, Xiong, Y. Y., & Lai, H. C. (2019). Short
versus longer implants with osteotome sinus floor elevation for mod-
erately atrophic posterior maxillae: A 1-year randomized clinical trial.
Journal of Clinical Periodontology, 46(8), 855-862.

Smeets, R., Henningsen, A., Jung, O., Heiland, M., Hammacher, C., &
Stein, J. M. (2014). Definition, etiology, prevention and treatment of
peri-implantitis--a review. Head & Face Medicine, 10, 34.

Sousa, V., Mardas, N., Farias, B., Petrie, A., Needleman, I., Spratt, D., &
Donos, N. (2016). A systematic review of implant outcomes in treated
periodontitis patients. Clinical Oral Implants Research, 27(7), 787-844.

Spies, B. C., Witkowski, S., Vach, K., & Kohal, R. J. (2018). Clinical and
patient-reported outcomes of zirconia-based implant fixed dental
prostheses: Results of a prospective case series 5 years after implant
placement. Clinical Oral Implants Research, 29(1), 91-99.

ten Bruggenkate, C. M., Asikainen, P., Foitzik, C., Krekeler, G., & Sutter, F.
(1998). Short (6-mm) nonsubmerged dental implants: Results of a mul-
ticenter clinical trial of 1 to 7 years. The International Journal of Oral &
Maxillofacial Implants, 13(6), 791-798.

Thoma, D. S., Haas, R., Sporniak-Tutak, K., Garcia, A., Taylor, T. D., &
Hammerle, C. H. F. (2018). Randomized controlled multicentre study
comparing short dental implants (6 mm) versus longer dental implants
(11-15 mm) in combination with sinus floor elevation procedures:
5-Year data. Journal of Clinical Periodontology, 45(12), 1465-1474.

Thoma, D. S., Haas, R., Tutak, M., Garcia, A., Schincaglia, G. P., &
Hammerle, C. H. (2015). Randomized controlled multicentre study
comparing short dental implants (6mm) versus longer dental implants
(11-15mm) in combination with sinus floor elevation procedures. Part
1: Demographics and patient-reported outcomes at 1 year of loading.
Journal of Clinical Periodontology, 42(1), 72-80.

Van der Weijden, G. A, van Bemmel, K. M., & Renvert, S. (2005). Implant
therapy in partially edentulous, periodontally compromised patients: A
review. Journal of Clinical Periodontology, 32(5), 506-511.

Vazouras, K., de Souza, A. B., Gholami, H., Papaspyridakos, P., Pagni, S., &
Weber, H. P. (2020). Effect of time in function on the predictability of
short dental implants (<6 mm): A meta-analysis. Journal of Oral Rehabil-
itation, 47(3), 403-415.

von Elm, E., Altman, D. G., Egger, M., Pocock, S. J., Gotzsche, P. C., &
Vandenbroucke, J. P. (2008). The Strengthening the Reporting of
Observational Studies in Epidemiology (STROBE) statement: Guide-
lines for reporting observational studies. Journal of Clinical Epidemiol-
ogy, 61(4), 344-349.

Wennstrom, J., Zurdo, J., Karlsson, S., Ekestubbe, A., Grondahl, K., &
Lindhe, J. (2004). Bone level change at implant-supported fixed partial
dentures with and without cantilever extension after 5 years in func-
tion. Journal of Clinical Periodontology, 31(12), 1077-1083.

SUPPORTING INFORMATION
Additional supporting information may be found in the online version

of the article at the publisher's website.

How to cite this article: Sui, H., Tang, Z., Zhang, X., Wei, D.,
Meng, H., & Han, J. (2022). A prospective, multicentre study of
6-mm short implants in posterior alveolar bone supporting
splinted crowns: A 5-year follow-up study. Journal of Clinical
Periodontology, 49(6), 537-546. https://doi.org/10.1111/jcpe.
13610

85U8017 SUOWILLIOD A1) 3]qeol [dde au Aq peueob ae Sapoiie YO ‘8Sn JO S3|nJ 10} AIq1T8UlUQ 48] M UO (SUORIPUOD-PUR-SWRIAL0O" A3 | IMALe.q Ul [UO//:SdNL) SUORIPUOD pue swie | 8ul 89S *[2202/TT/ST] uo AriqiTauliuo A81im ‘Aisieaiun Buo L ceir reybueys Aq 0T9ET @d0l/TTTT'OT/I0P/LI0Y A3 |IM AIq U1 |UO//SANY WO1J pepeoumoa 9 ‘ZZ0Z ‘XTS0009T


https://doi.org/10.1111/jcpe.13610
https://doi.org/10.1111/jcpe.13610

	A prospective, multicentre study of 6-mm short implants in posterior alveolar bone supporting splinted crowns: A 5-year fol...
	1  INTRODUCTION
	2  MATERIALS AND METHODS
	2.1  Study design
	2.2  Sample size calculation
	2.3  Study sample
	2.4  Clinical procedures
	2.4.1  Implant placement
	2.4.2  Prosthetic procedure

	2.5  Follow-up
	2.6  Primary outcome measure
	2.7  Secondary outcomes
	2.7.1  Clinical parameters
	2.7.2  Biological and mechanical complications
	2.7.3  Implant survival and success rates

	2.8  Statistical analysis

	3  RESULTS
	3.1  Primary outcome
	3.2  Secondary outcomes
	3.2.1  Clinical characteristics
	3.2.2  Biological and mechanical complications
	3.2.3  Implant survival and success


	4  DISCUSSION
	5  CONCLUSION
	ACKNOWLEDGEMENTS
	ETHICS STATEMENT
	CONFLICT OF INTEREST
	AUTHOR CONTRIBUTIONS
	DATA AVAILABILITY STATEMENT

	REFERENCES


