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Abstract 
Background: Twenty patients rehabilitated with screw-retained full-arch implant-supported prostheses functioning 
for at least one year were included.
Material and Methods: This clinical study included 20 patients rehabilitated with screw-retained full-arch im-
plant-supported prostheses in function for at least 1 year. Participants were allocated into two groups according 
to the implant–abutment connection design: external hexagon (EH; n = 10) and Morse taper (MT; n = 10). One 
peri-implant soft tissue biopsy specimen was obtained from each patient and processed for hematoxylin–eosin 
staining. Histological evaluation assessed epithelial hyperplasia, epithelial organization, inflammatory infiltrate 
intensity, and connective tissue fibrosis. Data normality was assessed using the Shapiro–Wilk test. Intergroup com-
parisons were performed using the Mann–Whitney U test, with a significance level of α = 0.05.
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Introduction
Implant-supported rehabilitations depend on the long-
term stability of peri-implant hard and soft tissues. Be-
yond accurate surgical placement and proper prosthetic 
fit, the design of the implant–abutment connection plays 
a critical role in the biomechanical and biological dyna-
mics at the transmucosal interface. The geometry of the 
connection influences micromovements, microgap for-
mation, stress distribution, and bacterial infiltration, all of 
which may impact peri-implant tissue homeostasis [1-4].
Mechanical studies have shown that the configuration of 
the implant–abutment connection affects load distribu-
tion and interface stability. External hexagon (EH) con-
nections, which feature a butt-joint interface, may allow 
greater rotational movement under cyclic loading. In 
contrast, Morse taper (MT) connections provide a coni-
cal internal engagement that improves frictional stability 
[5–9]. Finite element analyses and in vitro investigations 
indicate that conical interfaces may decrease crestal 
stress concentration and reduce microgap formation du-
ring functional loading [5-7].
Microgaps at the implant–abutment interface has been 
linked to bacterial penetration and the recruitment of 
inflammatory cells [10-16]. Sustained microbial colo-
nization may play a role in marginal bone remodeling 
and alterations of the peri-implant mucosal architecture 
[10-14]. While the radiographic and mechanical perfor-
mance of various connection systems has been extensi-
vely studied, clinical evidence regarding their impact on 
the histologic characteristics of peri-implant soft tissues 
remains limited.
The peri-implant mucosa establishes a biologic seal that 
differs from the periodontal attachment, comprising a 
junctional epithelium and an underlying connective tis-
sue zone characterized mainly by parallel-oriented co-
llagen fibers [1-4,17]. The integrity of this barrier may 
rely on effective local inflammatory regulation as well 
as mechanical stability at the implant–abutment interfa-
ce. Consequently, evaluating whether biomechanical di-
fferences between connection designs lead to detectable 
histological changes in peri-implant soft tissues is cli-
nically significant, especially in full-arch rehabilitations 
exposed to continuous functional loading.

Results: Mean epithelial hyperplasia scores were 2.0 in the EH group and 1.6 in the MT group (P = 0.690). Mean fi-
brosis scores were 2.2 (EH) and 2.4 (MT) (P = 0.841). Inflammatory infiltrate scores were 0.4 in the EH group and 2.0 
in the MT group (P = 0.095). No statistically significant differences were observed between groups for any evaluated 
parameter. The combined histologic score also showed no significant intergroup difference (P = 0.222).
Conclusions: Within the limitations of this clinical study, peri-implant soft tissue architecture and inflammatory profi-
les were similar between external hexagon and Morse taper implant–abutment connections in full-arch rehabilitations 
following at least one year of functional loading.

Key words: Dental implants, peri-implant mucosa, peri-implant tissues, histology, implant-abutment connection.

Accordingly, the purpose of this study was to evaluate 
and compare the histologic features of peri-implant soft 
tissues surrounding EH and MT prosthetic connections. 
The working hypothesis was that variations in connec-
tion design would affect epithelial architecture, inflam-
matory patterns, and the degree of connective tissue fi-
brosis.

Material and Methods
1. Study Design and Ethical Considerations
This clinical comparative study was conducted in accor-
dance with the Declaration of Helsinki and approved by 
the Research Ethics Committee of the Bauru School of 
Dentistry, University of São Paulo (FOB-USP) (protocol 
No. 12/2006).
2. Patient Selection
Twenty patients rehabilitated with screw-retained fu-
ll-arch implant-supported prostheses functioning for at 
least one year were recruited from two private dental cli-
nics. Participants were screened according to predefined 
inclusion and exclusion criteria to ensure peri-implant 
tissue stability and minimize potential confounding fac-
tors that could influence histologic outcomes.
Eligible participants were adults (≥18 years old) presen-
ting full-arch implant-supported prostheses in functional 
loading for a minimum period of 12 months. Additional 
inclusion criteria comprised the absence of clinical signs 
of peri-implantitis, defined as the lack of suppuration, 
bleeding on probing, or progressive peri-implant bone 
loss, as well as adequate plaque control, satisfactory oral 
hygiene, and stable prosthetic function without mecha-
nical complications.
Patients were excluded if they presented a history of 
peri-implantitis or active periodontal disease, systemic 
conditions known to interfere with wound healing or 
inflammatory responses (such as uncontrolled diabetes 
or immunosuppressive disorders), current smoking or a 
history of heavy smoking, use of medications capable 
of affecting bone or soft tissue metabolism (including 
corticosteroids or bisphosphonates), recent antibiotic 
or anti-inflammatory therapy within the previous three 
months, poor prosthetic adaptation, or clinical evidence 
of implant mobility.
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After eligibility assessment, participants were alloca-
ted into two groups according to the implant–abutment 
connection design present in the rehabilitation: external 
hexagon (EH; n = 10) and Morse taper (MT; n = 10).
The sample size was determined considering both fea-
sibility and ethical aspects related to the invasive natu-
re of peri-implant soft tissue biopsy procedures in cli-
nically healthy implants. Because histologic sampling 
requires surgical tissue harvesting, the recruitment of 
large cohorts is ethically restricted in clinical settings. 
Therefore, a convenience sample of twenty patients was 
adopted, which is consistent with previously published 
clinical histologic investigations evaluating peri-implant 
mucosal tissues. Despite the exploratory nature of the 
study, this sample size was considered adequate to detect 
clinically relevant differences in the evaluated histologic 
parameters between groups. Furthermore, the statistical 
analysis was performed using nonparametric methods, 
which are appropriate for small sample sizes and do not 
require assumptions of normal data distribution.
3. Biopsy Procedure
A single peri-implant soft tissue sample was collected 
from each patient at a transmucosal site directly con-
tacting the prosthetic component. Local anesthesia was 
administered using 0.5% bupivacaine with epinephrine. 
A triangular tissue specimen, approximately 2.0 × 1.5 
mm in size, was excised with a No. 15C scalpel blade, 
positioning the base toward the prosthetic interface. The 
biopsy site was then closed with 5-0 silk sutures, and 
the specimens were immediately fixed in 10% buffered 
formalin (Fig. 1).

4. Histologic Processing and Evaluation
Specimens were embedded in paraffin, cut into 4 μm 
sections, and stained with hematoxylin-eosin. Two oral 
pathologists, blinded to the group assignments, indepen-
dently examined the samples. The evaluated parameters 

Fig. 1: Biopsy specimen design. A) Schematic representation showing the triangular soft tissue sample, with the base positioned adja-
cent to the prosthetic component. B) Clinical photograph of the excised specimen, measuring approximately 2.0 × 1.5 mm.

included epithelial hyperplasia (using a graded scale), 
epithelial integrity and organization, presence and seve-
rity of inflammatory infiltrate, and the degree of connec-
tive tissue fibrosis.
5. Statistical analysis
Statistical analyses were performed using SPSS version 
29.0 (IBM Corp., Armonk, NY, USA). The Shapiro–
Wilk test was applied to assess data distribution. Sin-
ce normality was not observed, comparisons between 
groups were conducted using the Mann–Whitney U test. 
A significance threshold of α = 0.05 was adopted.

Results
All biopsy sites healed without complications, and every 
specimen was deemed suitable for analysis.
1. Epithelial characteristics
Epithelial hyperplasia was present in all specimens from 
the external hexagon (EH) group (n = 10), with a mean 
score of 2.0. In the Morse taper (MT) group, hyperpla-
sia was observed in 8 out of 10 specimens (mean score 
1.6), while 2 specimens showed no epithelial thickening 
(Fig. 2A–D for EH and Fig. 2E–H for MT). The diffe-
rence between groups was not statistically significant (P 
= 0.690) (Table 1).
Epithelial integrity was maintained in all EH specimens 
(Fig. 2 A). In the MT group, 8 specimens showed pre-
served epithelial organization, whereas 2 exhibited focal 
epithelial disorganization associated with inflammatory 
cell infiltration. Additionally, a lichenoid inflammatory 
pattern was detected in 5 MT specimens but was absent 
in the EH group (Fig. 2 G).

2. Connective tissue findings
All specimens from both groups exhibited well-organi-
zed connective tissue with dense collagen bundles and 
vascular structures (Fig. 2 B). In the EH group, 8 speci-
mens showed no inflammatory infiltrate (Fig. 2C), while 
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Fig. 2: Histologic features of peri-implant soft tissues in external hexagon (EH) and Morse taper (MT) groups. (A) EH group: Moderate epi-
thelial hyperplasia with preserved epithelial organization. (B) EH group: Well-organized connective tissue with dense collagen bundles and 
absence of inflammatory infiltrate. (C) EH group: Moderate mononuclear inflammatory infiltrate within the lamina propria. (D) EH group: Ra-
dicular cementum fragment surrounded by collagen fibers within the connective tissue. (E) MT group: Peri-implant mucosa without epithelial 
hyperplasia. (F) MT group: Lichenoid inflammatory pattern characterized by a band-like inflammatory infiltrate subjacent to the epithelium. 
(G) MT group: Deep mononuclear inflammatory infiltrate localized within the lamina propria. (H) MT group: Russell bodies observed within 
plasma cells in the connective tissue. Hematoxylin–eosin staining; original magnification ×200 (A–G) and ×400 (H).

Variable EH (n=10) Mean MT (n=10) Mean P value
Epithelial hyperplasia 2.0 1.6 0.690
Fibrosis 2.2 2.4 0.841
Inflammatory intensity 0.4 2.0 0.095
Combined score 4.6 6.0 0.222

Table 1: Comparison of histologic variables between external hexagon and Morse taper groups (Mann–
Whitney U test).

Abbreviations: EH, external hexagon; MT, Morse taper. Statistical test: Mann–Whitney U test. Signifi-
cance level: α=0.05.

2 displayed moderate inflammatory infiltration (Fig. 2 
C). In the MT group, inflammatory infiltrate was pre-
sent in 6 specimens (60%) and absent in the remaining 
4 specimens.
The inflammatory infiltrate was primarily composed of 
mononuclear cells and confined to the lamina propria 
(Fig. 2 G). Russell bodies were observed in 6 MT spe-
cimens (Fig. 2 H). The average fibrosis score was 2.2 in 
the EH group and 2.4 in the MT group, with no statisti-
cally significant difference between groups (P = 0.841) 
(Table 1).
3. Combined histologic variables
When hyperplasia, fibrosis, and inflammatory intensity 
were evaluated together as a composite score, the mean 
values were 4.6 for the EH group and 6.0 for the MT 
group. No statistically significant difference was found 
between the groups (P = 0.222) (Table 1).

Discussion
This study assessed the histological features of peri-im-
plant soft tissues surrounding external hexagon (EH) and 

Morse taper (MT) connections in functionally loaded 
full-arch rehabilitations. Despite well-established bio-
mechanical differences between the two connection 
types, no statistically significant differences were found 
between groups in terms of epithelial hyperplasia, con-
nective tissue fibrosis, inflammatory intensity, or overall 
combined histologic scores.
Biomechanical studies suggest that conical internal con-
nections can offer greater mechanical stability and re-
duced micromovement compared with external hexagon 
designs, especially under cyclic loading [5-9]. Minimi-
zing micromovement may help limit microgap forma-
tion and bacterial infiltration at the implant–abutment 
interface [10-16]. Nevertheless, under the clinically sta-
ble conditions examined in this study, these mechanical 
differences did not translate into detectable changes in 
peri-implant mucosal structure.
The epithelial hyperplasia observed in both groups alig-
ns with adaptive responses to functional and prosthetic 
stimuli. Previous studies characterize the peri-implant 
mucosa as a biologic seal distinct from the periodontal 
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attachment, consisting of a junctional epithelium and a 
connective tissue layer with primarily parallel-oriented 
collagen fibers [1-4,17]. The maintained epithelial orga-
nization in both groups suggests that implant–abutment 
connection geometry alone may have minimal impact 
on epithelial morphology when effective plaque control 
and prosthetic stability are ensured.
Recent investigations have further characterized the 
histologic and biological behavior of peri-implant soft 
tissues, highlighting the role of mucosal thickness, co-
llagen fiber orientation, and vascularization in maintai-
ning the peri-implant barrier [23–26]. Histologic and 
immunohistochemical studies indicate that peri-implant 
mucosa exhibits a connective tissue architecture distinct 
from periodontal tissues, with collagen fibers predomi-
nantly oriented parallel to the implant surface and rela-
tively reduced vascular supply [24,26]. These structural 
features may influence the local inflammatory respon-
se and the stability of the peri-implant epithelial seal 
[26,27]. Moreover, current evidence suggests that pe-
ri-implant tissue health is multifactorial, being influen-
ced by implant surface characteristics, prosthetic design, 
and bacterial colonization at the implant–abutment in-
terface, rather than solely by connection geometry [28]. 
Consequently, histologic evaluation remains essential 
for understanding the biological mechanisms underlying 
peri-implant tissue adaptation and long-term implant 
stability [29,30].
Connective tissue organization and the degree of fibrosis 
were similar between the groups. While load distribu-
tion may differ between EH and MT systems, especially 
at the crestal level [5–9], these variations did not trans-
late into observable differences in soft tissue density or 
structural arrangement in the present clinical sample.
Inflammatory infiltrate, mainly composed of mononu-
clear cells and confined to the lamina propria, was ob-
served in both groups, with no statistically significant 
differences. Although microgap-related inflammation 
has been reported in experimental studies [10-16], the 
current results indicate that the peri-implant inflam-
matory response in clinically healthy rehabilitations is 
multifactorial and not solely influenced by the geometry 
of the implant–abutment connection [19-21].
From a clinical perspective, these findings suggest that 
when prosthetic stability and plaque control are properly 
maintained, both connection types can support similar 
peri-implant soft tissue organization under functional 
loading. While in vitro studies emphasize the mechani-
cal advantages of conical interfaces [5-9,22], these diffe-
rences may not result in observable histologic changes 
in clinically stable full-arch rehabilitations. Consequent-
ly, selecting an implant–abutment connection should 
consider prosthetic design, ease of maintenance, and 
long-term restorative planning, in addition to theoretical 
biomechanical benefits.

This study is limited by its cross-sectional design and 
the lack of molecular or immunohistochemical analyses, 
which might detect subtle inflammatory changes not 
apparent in conventional histology. Future longitudinal 
studies incorporating biomechanical evaluations, quan-
titative assessment of inflammatory markers, and crestal 
bone measurements are needed to better understand the 
relationship between implant–abutment interface me-
chanics and peri-implant tissue behavior.

Conclusions
Within the limitations of this clinical study, no signi-
ficant histologic differences were observed between 
external hexagon and Morse taper implant–abutment 
connections in peri-implant soft tissues after at least one 
year of functional loading. These results suggest that, in 
clinically stable full-arch rehabilitations, both connec-
tion types provide comparable support for peri-implant 
mucosal organization. Therefore, the choice of implant–
abutment connection should be based on overall resto-
rative planning and clinical considerations rather than 
anticipated differences in soft tissue histology.
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