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Abstract
Purpose: To compare implant failure, complications and radiographic bone level changes of dental 
implants with conical versus internal hex connections, 5 years after loading.

Methods: A total of 90 patients with partial edentulous were selected and randomly divided into two 
equal groups (n=45) in order to be subjected to implant positioning either with conical connection 
or with internal hex connection at three dental offices. Patients were followed for a period of 5 years. 
Outcomes considered were implant failures, any complications and marginal bone level changes.

Results: Three patients (6.7%) belonging to the conical group and one patient (2.2 %) belonging 
to the internal hex group dropped out. One implant (1.5%) failed in the conical group versus two 
implants (2.6%) in the internal hex group. There were no statistically significant differences in 
implant failures between the two groups (2.4% vs. 2.3%, difference 0.1%; 95% CI: -0.9; 5.1; p=0.584). 
Four complications occurred in the conical group and five in the internal hex group (9.5% vs. 11.4%, 
difference 1.9%; 95% CI: -0.7; 4.5; p=0.781).

Five years after loading, patients in the conical group lost an average of 1.41 ± 0.94 peri-implant 
bone vs. 1.38 ± 0.89 mm for patients in the internal hex group with no significant differences 
between treatment group (p=0.745). Both treatment groups lost statistically significant marginal 
peri-implant bone at 5-year post-loading: P=0.0001 for both conical and internal hex group.

Conclusion: No statistically or clinically significant differences were observed in outcomes 5 years 
after loading, between implants with conical and internal hex connection, hence clinicians can 
decide which type of connection to use according to their preferences.

Keywords: Complication; Dental implant; Conical connection; Internal hex; Peri-implant 
marginal bone

Introduction
Titanium dental implants are an effective and reliable solution for replacing missing teeth 

with satisfying results in terms of rehabilitation of aesthetic and masticatory function. The 
osseointegration of dental implant in newly formed bone and the stability of hard/soft tissues around 
a dental implant are two important factors that directly influence its long term-success [1]. Following 
implant placement; it’s common to observe marginal bone loss around implants. Peri-implant bone 
resorption <1.5 mm during the first year of loading and <0.2 mm annually thereafter, are considered 
acceptable values for successful placement [2]. To date different suppositions have been suggested 
to explain this phenomenon. Implant-abutment interface microgap is believed to be one of the 
possible causes. The micro space between the two elements can favor the bacterial colonization: 
Microorganisms can penetrate through a gap smaller than 10 µm causing thread inflammation; bone 
resorption and influencing biological weed establishment [3-5]. Other important factors influencing 
the stability of peri-implant bone are surgical trauma, peri-implantitis, biologic width, and occlusal 
overload [6]. The latter is considered one of the major causes of loss of both marginal bone and 
osseointegration of successfully osseointegrated implants. Several studies, including animal ones, 
demonstrated that an excessive dynamic load can damage bone around integrated implant resulting 
in bone resorption [6], causing the formation of crater-like bone defects [7]. Based on the above, 
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the preservation of marginal bone is critical to avoid implant failure.

The implant-abutment connection is the point of transition from 
surgical to prosthetic phase [8], so it has an important role in the 
outcome of the implant therapy, because it affects peri-implant crestal 
bone change [9]. Historically the first implant abutment connection 
interface was the external hexagon connection, or “external hex”, 
introduced by Bran mark, initially with a height of 0.7 mm, and it 
is currently used [8,10]. The external hex connection proved to be 
unfavorable because it fractures more easily than other types of 
connections [11], and moreover, often it forms the micro-space at the 
abutment-implant interface promoting bacterial micro leakage [12].

To address the limitations of external connections, like micro 
movement problems and screw loosening, and to achieve a better 
aesthetic result, an internal connection has been developed. The main 
advantage of this connection lies in the better stress distribution and 
greater stability of the prosthetic screw [5]. There are different types 
of internal connections; the most widely used are the internal hex 
and the conical ones. The market of internal connections is growing 
rapidly as nearly each dental implant manufacturer has designed 
and developed their own connections and at the same time many of 
them claimed the efficiency and the performance of their product 
over competitors. Despite mechanical and clinical claims no data 
demonstrated the superiority of one type of connection compared to 
others in term of clinical outcomes. Only few Randomized Control 
Trials (RCTs) investigated the relation between the type of connection 
(internal and external) and the clinical and radiographic parameters 
related to marginal bone remodeling around implants [6,13,14]. By 
the way there are not significant evidence-based clinical data about 
the superiority of one implant connection to the others, assessed in 
terms of complications, peri-implant marginal bone loss, aesthetics 
and ease of use.

This RCT is the continuation of the previous study published 
1 year after initial loading [15]. In this case data were collected at 5 
years post-loading. The null hypothesis of this trial is the same one of 
the previous article, that there would be no difference in success rates, 
complications and peri-implant marginal bone level changes between 
the two connections.

Materials and Methods
The present multicenter randomized clinical trial was conducted 

in Italy in three different private practices by three operators (MC, 
TG, RS) who performed all the surgical and prosthetic interventions. 
A total of 90 patients (30 for each clinician) with partial edentulous in 
the maxilla or mandible, requiring one implant-supported prosthesis, 
have been enrolled. All patients selected were 18 or older and able to 
sign an informed consent form. For patients needed more than one 
implant rehabilitation the operator chosen which site to include in 
the study after the screening visit.

The anatomical criteria considered as a requirement for inclusion 
in this trial was the presence of residual bone height of least 10 
mm and thickness of at least 5 mm, measured on Computerized 
Tomography (CT) scans.

A pre-operative periapical radiography was firstly performed 
for an initial screening, then was used a computer tomography scan 
to quantify the amount bone. Broad inclusion criteria were used, 
including any type of bone quality, any jaw location and if patients 
were heavy smoker.

The other criteria applied to patients for the exclusion from the 
clinical trial are:

•	 general contraindications to implant surgery

•	 subjected to irradiation in the head and neck area

•	 treated or under treatment with intravenous amino-
bisphosphonates

•	 poor oral hygiene and motivation

•	 untreated periodontitis

•	 uncontrolled diabetes

•	 if they were pregnant or lactating

•	 substance abusers

•	 a lack of opposite occluding dentition in the area intended 
for implant placement

•	 an acute or chronic infection at the site intended for 
implant placement

•	 Patients referred only for implant placement that could not 
be monitored at the treating center.

All patients received detailed information regarding the study 
and the treatment foreseen by the clinical protocol, and signed a 
written informed consent prior to enrolment. Patient was categorized 
in three groups as per what they declared: Non-smoker, moderate 
smoker or heavy smoker (up to 10 cigarettes per day). The surgical 
technique performed by the operator reflected the best choice 
referring to patient conditions (i.e. flapless implant placement, 
immediate post extractive implants, submerged or non-submerged 
technique). Tapered titanium screw-shaped dental implants were 
used in the trial: They are characterized by the same macro design 
and sand-blasting acid-etched surface up to the neck but they have 
different internal connection (JD Icon vs. JD Evolution system, J 
Dental Care, Modena). The JD Icon implant is characterized by 
12-degree internal conical connection with interlocking hexagon in 
the bottom. The JD Evolution implant has a 2 mm deep internal hex 
and a 45-degree internal bevel (Figure 1). Before the intervention 
all patients underwent at least one session of oral hygiene training 
and, if needed, a professionally delivered debridement. Antibiotic 
prophylaxis was obtained with 1 g of Amoxicillin and clavulanic acid, 
Augmentin Roche SpA, Milan Italy) every 12 hours from the day 
before surgery to the sixth postsurgical day. 500 mg of clarithromycin 
(Klacid, Abbott SRL, Rome, Italy) 1 h before the intervention and 
250 mg twice a day for one week were given to patients allergic to 
penicillin.

Surgical procedures were performed under local anesthesia. 
When needed tooth extractions were performed as traumatically 
as possible, to preserve the buccal alveolar bone. Extraction sockets 
were carefully cleaned of any granulation tissue. Individual clinicians 
could decide whether to use the flap or flapless technique. The 
implant site was prepared according to what indicated by the implant 
manufacturer. Once the implant site preparation was completed, the 
operator was told if the implants to be placed had to be with conical 
or internal hex connection by opening a sequentially numbered 
sealed envelope corresponding to the patient recruitment number. 
Clinicians were free to decide to leave the implant submerged or 
not for the healing period. Periapical radiographs (baseline) were 
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made with the paralleling technique. Patients were prescribed 
Chlorhexidine digluconate 0.2% mouthwash twice daily for 1-week 
post-surgery. After 3 months all the implants were loaded directly 
with definitive screw-retained or cemented restorations (Figure 2, 3). 
The three operators involved in the trial (MC, TG and RS) made all 
clinical assessments; therefore outcome assessors were not blind.

The primary outcome measures were

1. Implant failures, evaluated as implant mobility and 
removal of stable implants dictated by progressive marginal bone loss 
or infection. The stability of each implant was measured manually by 
tightening the abutment screw with a wrench delivering a torque of 30 
Ncm, or by assessing the stability of single crowns using the metallic 
handles of two instruments. Spinning implants were recorded as 
failures.

2. Complications: Any biological and prosthetic complication 
occurred at the implant site during the entire follow-up time were 

recorded and reported per study group. 

The secondary outcome measure was peri-implant marginal 
bone level changes evaluated on intraoral radiographs taken with the 
paralleling technique at implant placement, 1 year and 5 years after 
loading. All measurements were taken by an independent, blinded 
assessor. Radiographs were scanned, digitized in JPG format and 
converted to TIFF format with a 600-dpi resolution. Image J 1.42 
software (National Institute of Mental Health, Maryland, USA) 
was used to measure peri-implant marginal bone levels and it was 
calibrated for every single image according to the known implant 
diameter. Measurements of the mesial and distal crestal bone levels 
adjacent to each implant were made to the nearest 0.01 mm and 
averaged at patient level and then group level. The measurements 
were taken parallel to the implant axis. The most coronal margin of 
the implant collar and the most coronal point of bone-to-implant 
contact were taken as reference for linear measurements. No sample 
size calculation was performed. When the protocol was defined, it was 

Figure 1: Characteristics of the implants used in the study: a) external macro-design of the implant; b) sagittal section showing the conical connection of JD Icon 
implant; c) sagittal section showing the internal hex connection of JD Evolution implant.

Figure 2: Sequence of periapical radiographs of one of the patients treated with JD Icon implant with conical connection included in this study: a) implant 
placement; b) 1 year after loading; c) 5 years after loading.

Figure 3: Sequence of periapical radiographs of one of the patients treated withJD Evolution implants with internal hex connection included in this study: a) implant 
placement; b) 1 year after loading; c) 5 years after loading.
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decided 30 patients should be enrolled in each of the three centers, 
and 45 patients were randomized to each group using computer 
generated random numbers which were inserted in sequentially 
numbered, opaque, sealed envelopes. Envelopes were opened only 
after the implant site was prepared, and this because the investigators 
in charge of enrolling and treating the patients didn’t known the 
treatment allocation.

For the data analysis, the patient was considered as the statistical 
unit of the analyses. A doctor with expertise in statistics analyzed 
the data using the statistical package StatView (version 5.01.98, SAS 
Institute Inc, Cary, NC, USA), without knowing group allocation.

The t- test was used for the following evaluations:

•	 comparison of differences of mean at patient level for 
continuous outcomes between groups,

•	 within-group comparison (t-test for paired data)

•	 Differences in resorption in the two study groups.

Comparisons among centers were performed by one-factor 
analysis of variance using ANOVA. Differences in the proportion 
of patients with implant failures were compared among the centers 
using the chi-square test. Differences in crestal bone were compared 
among the centers using ANOVA. When necessary, prevalence of 
patient characteristics was compared by contingency tables and chi-
square test. All statistical comparisons were conducted at 0.05 level 
of significance.

Results
The three centers screened 98 patients for eligibility but 8 patients 

were not included because they were referred only for implant 
placement. Ninety patients were then consecutively enrolled in the 
trial and randomized to the conical group and to the internal hex 
group, 45 patients for each group according to a parallel group design. 
All patients were treated according to the allocated interventions. 
Four/90 patients (4.4%) dropped out before the completion of the 
5-year post-loading follow-up.

Three dropouts (3/45, 6.7%) were in the conical group:

1. One patient did not attend the 5-years visit because he moved to 
another city (Dr Samarani)

2. One patient died after the 2-years follow-up (Dr Grandi)

3. One patient did not want to attend the 5-years follow up (Dr 
Grandi)

4. Only one dropout was recorded in the internal hex group (1/45, 
2.2%):

5. One patient did not return for the delivery of the definitive 
crowns (Dr Cannata)

Patients were recruited and operated from February 2015 to July 
2015. The follow-up for all patients was 5-years post-loading (last 
follow-up July 2020). The main baseline patient’s features, divided by 
treatment group, are reported in Table 1. There were no significant 
baseline imbalances between the two groups in terms of sex, age, and 
smoke, opposite dentition and bone quality. In total 67 implants were 
inserted in the conical group and 72 implants were inserted in the 
internal hex group.

- Implant failures: One implant (1.5%) failed in the conical group 

versus two implants (2.6%) in the internal hex group. The implant 
failed in the conical group displayed postoperative pain, edema and 
signs of infection with pus. It was mobile 3 weeks after placement in 
a heavy-smoker male. It was inserted as an immediate post-extractive 
implant in a premolar area in the maxilla. It was successfully replaced 
after 4 months. Two implants failed in the internal hex group in a 
non-smoker female. They were affected by peri-implantitis and 
became mobile after 3 years. They were not replaced. There were no 
statistically significant differences for patients experiencing implant 
failures between the two groups (patient’s level, 1/42 vs. 1/44, 2.4% vs. 
2.3%, difference 0.1%; 95% CI: -0.9; 5.1; p=0.584).

•	 Complications: Four complications occurred in the 
conical group and five complications occurred in the internal hex 
group. There was no statistically significant difference for patients 
experiencing complications between groups (patient’s level, 4/42 vs. 
5/44, 9.5% vs. 11.4%, difference 1.9%; 95% CI: -0.7; 4.5; p=0.781) and 
the three different centers (10.7% vs. 13.8% vs. 6.9%, p=0.691; Table 
3).

•	 The following complications occurred for patients in the 
conical group:

•	 Postoperative pain and pus occurred at one immediate 
post-extractive implant. It was removed 3 weeks after its placement.

•	 One implant had peri-implant mucositis at 8 months 
post-implantation, solved by a curettage and 0.2% chlorhexidine 
mouthwash.

•	 One metal-ceramic crown displayed chipping 3 years after 
loading. The prosthesis was unscrewed and repaired in the laboratory.

•	 Loosening of one healing abutment after 3 weeks which was 

Conical group 
(n=45) (%)

Internal hex group 
(n=45) (%)

Females 25 (55.6%) 22 (48.9%)
Mean age at implant 
insertion (range) 52.3 ± 16.8 (23-79) 51.2 ± 17.3 (25-75)

Smoking up to 10 cigarettes/
day 9 (20.0%) 8 (17.8%)

Smoking more than 10 
cigarettes/day 4 (8.9%) 6 (13.3%)

Implants inserted in 
mandibles 38/67 (57.8%) 40/72 (53.3%)

Implants inserted in incisor 7 (10.4%) 8 (11.1%)

Implants inserted in canine 4 (6%) 7 (9.7%)

Implants inserted in premolar 31 (46.3%) 29 (40.3%)

Implants inserted in molar 25 (37.3%) 28 (38.9%)

Mean implant length 10.4 ± 1.6 10.8 ± 1.8

Mean implant diameter 4.3 ± 0.8 4.1 ± 0.7
Hard bone quality at implant 
site 16 (23.9%) 14 (19.4%)

Medium bone quality at 
implant site 45 (67.1%) 47 (65.3%)

Soft bone quality at implant 
site 6 (9%) 11 (15.3%)

Post extractive implants 22 (32.8%) 31 (43.1%)

Implants inserted flapless 25 (37.3%) 36 (50.0%)
Patients with implants 
submerged 2 (4.4%) 3 (6.7%)

Single crowns 32 (71.1%) 28 (62.2%)

Partial fixed prostheses 13 (28.9%) 17 (37.8%)

Table 1: Subjects’ and interventions’ characteristics.



5

Tommaso Grandi, et al., Clinics in Surgery - Oral and Maxillofacial Surgery

Remedy Publications LLC., | http://clinicsinsurgery.com/ 2021 | Volume 6 | Article 3322

retightened.

•	 The following complications occurred for patients in the 
internal hex group:

•	 Two implants in the same patient were affected by peri-
implantitis and failed 3 years after loading.

•	 Screw loosening of the final crown 2 months after loading.

•	 One implant had peri-implant mucositis at 10 months 
post-implantation, solved by a curettage and 0.2% chlorhexidine 
mouthwash.

•	 One patient experienced screw loosening of the final crown 
4 years after loading.

•	 Two implants in the same patient were affected by mucositis 
2 years after implantation, solved by non-surgical debridement.

Marginal bone level changes: at implant placement there was no 
statistically significant difference between the two different treatment 
groups (p=0.393). Bone levels were 0.03 ± 0.06 mm (95% CI -0.03; 
0.09) for the conical group and 0.02 ± 0.05 mm (95% CI -0.03; 0.07) 
for the internal hex group. One year after loading there was no 
statistically significant (p=0.824) difference between the two groups 
for peri-implant bone levels, 0.59 ± 0.61 mm (95% CI -0.02; 1.20) for 
the conical group and 0.62 ± 0.65 mm (95% CI -0.03; 1.27) for the 
internal hex group, and bone loss 0.56 ± 0.53 mm (95% CI 0.03; 1.09) 
for conical and 0.60 ± 0.62 (95% CI 0.02; 1.22) for internal hex group 
(Table 2).

Five years after loading, patients in the conical group lost an 
average of 1.41 ± 0.94 peri-implant bone vs. 1.38 ± 0.89 mm for 
patients in the internal hex group with no significant differences 
between treatment group (p=0.745).

Both treatment groups lost statistically significant marginal peri-
implant bone at 5-year post-loading: P=0.0001 for both conical and 
internal hex group.

By comparing the outcomes of the three different centers, no 
statistically significant differences can be observed for drop outs, 
failures or complications (Table 3). On the other hand, in the Cannata 
centre there was a significant superior bone loss, both at 1-year (+0.87 
mm, 95% CI 0.26: 1.48) and 5-years follow up.

In comparison to other centers (+0.56 mm, 95% CI 0.21: 0.91) 
(p=0.0001) (Table 3).

Discussion
The main aim of this study has been to compare identical 

implants, with the same characteristics (implant material, surface 
characteristics and macro design) and different abutment connection 
interfaces: Conical vs. internal hex connection. In the previous study, 
carried out with data at 1 year after loading no statistically significant 
differences were noticed; the numbers of failures and complications 
were low and similar for both types. The same occur for data at 5 years 
post-loading.

In this case, the average values of bone loss were:

•	 0.56 mm and 0.60 mm for conical and internal hex 
connection respectively, 1 year after loading,

•	 1.41 mm and 1.38 mm for conical and internal hex 
connection respectively, 5 years after loading.

The bone loss is considerable at 5-year post-loading for the two 
types of connections, but the differences are not significant, hence, 
according to the findings of this study, clinicians can decide which 
type of connection to use according to their preferences. It is widely 
debated if implant-abutment connection designs can induce different 
degrees of crestal bone remodeling, after subjected to functional 
loading.

Only three other studies were found in PubMed, regarding the 
bone resorption for conical and internal hex connections:

•	 In a 5 years study, Szyszkowski et al. compared implants all 
made of the same medical-grade titanium and all with the same SLA 
(Sandblasted and Acid-etched) surface, but with conical or internal 
hex connection, in order to evaluate the influence of the implant-
abutment interface design on the Marginal Bone Loss (MBL). They 
observed a lower bone resorption in the conical connection respect 
to the internal hex group (0.68 ± 0.59 vs. 0.99 ± 0.89 mm 1 year after 
loading, and 0.96 ± 1.02 vs. 1.30 ± 1.15 mm 5 years after loading). 
Both groups of implants ensure a 100% survival rate 16.

•	 In a randomized controlled clinical trial Pieri et al. 
compared the outcomes of single implants with conical and internal 
hex connection, immediately placed and restored in 40 patients. 

 
Implant placement 1 year after loading 5 years after loading Difference placement-5 

years P-value intragroup
N Mean ± SD (95% CI) N  Mean ± SD (95% CI) N  Mean ± SD (95% CI) N    Mean ± SD (95% CI)

Conical group
45 0.03 ± 0.06 (-0.03;0.09) 44 0.59 ± 0.61 

(-0.02;1.20)
41  1.44 ± 0.81 

(0.63;2.25)
41 1.41 ± 0.94 

(0.47;2.35) 0.0001

Internal hex 
group 45 0.02 ± 0.05 (-0.03;0.07) 44 0.62 ± 0.65 

(-0.03;1.27)
43 1.40 ± 0.79 

(0.61;2.19)
43 1.38 ± 0.89 

(0.49;2.27) 0.0001

P-value 
intergroup 0.393 0.822 0.657 0.745  

Table 2: Mean radiographic peri-implant marginal bone levels and changes between groups and time periods according to per protocol analysis.

 Grandi (n=30) Cannata (n=30) Samarani (n=30) P-value

Drop-out 2/30 (6.7%) 1/30 (3.3%) 1/30 (3.3%) 0.6

Patients with implant failure 1/28 (3.6%) 1/29 (3.4%) 0/29 (0%) 0.98

Patients with complications 3/28 (10.7%) 4/29 (13.8%) 2/29 (6.9%) 0.691

Bone loss after 1 year 0.32 ± 0.51 1.19 ± 0.75 0.35 ± 0.58 0.0001

Bone loss after 5 years 1.28 ± 0.81 1.80 ± 0.75 1.20 ± 0.84 0.0001

Table 3: Comparison between the three different centres: each centre treated 30 subjects.
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One year after the loading, the difference of the average values of 
MBL between the two groups was 0.31 mm in favor of the conical 
connection [17].

•	 In a randomized controlled trial Corvino et al. compared the 
clinical and radiographical outcomes in terms of success and survival 
rate, primary and secondary stability, level of MBL for implants with 
the same micro- and macrotopography but with conical and internal 
hex connection, placed in a total of 33 patients. The values of MBL at 
1 year after loading were 0.48 ± 0.18 mm for the conical connection 
and 0.57 ± 0.24 mm for the internal hex one. The conical connection 
gave better results than the internal hex one. No implants failed. MBL 
was found to be influenced by different individual and clinical factors 
[18].

The values of marginal bone loss obtained by Corvino et al. and 
Pieri et al. are in line with the values obtained in the first part of the 
present study with the same duration of 1 year of the follow-up, 
however, to date, there are no further published works comparing 
conical vs. internal hex connections for a period longer than one year, 
except the Szyszkowski et al., so we can’t do a proper comparison.

The major limitations of this study were the small sample size 
and the fact that the outcome measurements, except for radiographic 
assessments, were done by operators aware of patient allocation 
and who treated the patients themselves. Both implant types were 
tested under real clinical conditions and the patient inclusion criteria 
were rather broad, therefore the results of the present trial can be 
generalized to patients having similar characteristics.

Conclusion
No statistically or clinically significant differences were observed 

in outcomes 5 years after loading, between implants with conical 
and internal hex connection. Both treatment groups lost statistically 
significant marginal peri-implant bone at 5-year post-loading, hence 
clinicians can decide which type of connection to use according to 
their preferences.
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