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Human Histologic Analysis of an  
Immediately Loaded Single-Tooth  
Mandibular First Molar Implant

The crestal bone level around an immediately loaded contemporary hybrid 
implant with a multisurface topography was examined 8 weeks after implant 
placement and loading. Histologic analysis showed tight contact between 
the implant surface and surrounding bone, and demonstrated radiographic 
and histologic features of successful osseointegration. Very high bone-to-
implant contact without epithelial downgrowth was noted. The buccal and 
lingual bone levels coincided with the original bone relationship to the implant 
shoulder at the time of implant placement, with no signs of resorption. (Int J 
Periodontics Restorative Dent 2015;35:499–505. doi: 10.11607/prd.2479)

The long-term efficacy of immedi-
ately loaded dental implants has 
been amply demonstrated,1–3 with 
several studies showing results 
similar to those achieved with con-
ventional treatment.4,5 The main 
prerequisite for the development of 
osseointegration is a firm and stable 
contact between the implant and 
surrounding bone.6,7 Micromove-
ment that exceeds 150 µm at the 
bone-to-implant interface jeopar-
dizes the osseointegration process 
and allows for connective tissue in-
terposition.8 However, loading an 
implant immediately does not nec-
essarily result in such negative mi-
cromovement.9 Instead, application 
of a controlled load to the implant 
immediately after insertion may 
transmit positive stress to the sur-
rounding bone, allowing for new tra-
becular architectural rearrangement 
and remodeling.10 

Many authors of studies on im-
mediate loading have described 
precise indications and suggested 
clinical protocols for achieving osseo-
integration.11–14 Good primary stabil-
ity is unanimously recommended, 
along with the use of an implant with 
a good macro- and micro interlocking 
design and surface. Although ad-
equate immobilization can always 
be achieved in full-arch cases in 
which cross-arch stabilization is pos-
sible,15,16 several clinical studies have 
also shown excellent survival rates for 
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immediately loaded partially eden-
tulous and single-tooth cases.17–20 In-
sertion torque appears to play a role 
as well.21–23 This case report presents 
human histologic data for an imme-
diately loaded single-tooth implant.

Case report

A healthy 55-year-old man present-
ed for replacement of his missing 
mandibular right first molar. Cone-
beam examination revealed a suffi-

cient amount of type III bone. Under 
local anesthesia, a midcrestal inci-
sion was made, and a full-thickness 
mucoperiosteal flap was reflected 
to expose the crestal bone.

The standard drilling protocol 
was used to create the osteotomy, 
and a 4 × 10–mm tapered internal 
connection implant with integrated 
platform switching (3i T3 Implant, 
Biomet 3i) was inserted (Figs 1 and 
2). A calibrated torque hand ratchet 
showed the final insertion torque to 
be 80 Ncm (Fig 3).

A 3.25-mm-diameter temporary 
abutment (PreFormance Temporary 
Cylinder, Biomet 3i) was immedi-
ately connected, and the abutment 
screw was torqued to 10 Ncm using 
a torque driver. The screw-retained 
provisional prosthesis was inserted 
and luted to the cylinders using 
light-cured composite resin (Tetric-
Flow, Ivoclar Vivadent). The pro-
visional prosthesis was removed, 
refined, and polished (Fig 4); then 
reinserted; and torqued to 10 Ncm 
for the final seating. The provisional 
crown was left out of the occlusion. 
Interrupted sutures were used for 
flap adaptation to the neck of the 
provisional crown. 

One month later, the patient 
returned, complaining about “feel-
ing the presence of a foreign body 
in his jaw” and requesting that it 
be removed. The author tried to 
discourage the patient, explaining 
the risks of implant removal and 
the need for a subsequent proce-
dure to replace the missing tooth. 
It was strongly recommended that 
the patient get a second opinion 
from another physician (Fig 5). The 
patient continued to insist that the 
implant be removed, however, and 
he agreed to sign a form consent-
ing to a study being conducted on 
the retrieved implant. Eight weeks 
after the initial surgery, infiltration 
of local anesthesia with articaine 
4% with adrenaline (1:100,000 
Ubistesin, 3M ESPE) was per-
formed on the buccal and lingual 
sides. The provisional crown was 
removed, and a healing abut-
ment of the same diameter as the 
implant and 4 mm in length was 
connected (Fig 6a). A notch on 

Fig 1  The 4 × 10–mm tapered internal 
connection implant with integrated 
platform switching was placed in the 
mandibular right first molar position.

Fig 2  Occlusal view of the implant 
inserted at the level of the bone crest. 

Fig 3  Torque wrench showing the high 
insertion value (80 Ncm).

Fig 4  The screw-retained provisional 
crown with a 3.5-mm internal connection.
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the vestibular side of the healing 
abutment was designed to act as 
an orientation for the histologic 
analysis. A full-thickness mucoperi-
osteal flap was raised to expose 
the surrounding bone. The implant 
was removed using a 6-mm-diam-
eter trephine drill (Figs 6b and 6c).

Histologic analysis

The specimen was fixed for 72 hours 
in a 10% formalin solution buffered 

with phosphate (PBS) at pH 7.1. It 
was then washed in PBS and de-
hydrated in ascending graded al-
cohols before being embedded in 
resin (Technovit 7200 VLC, Kulzer). 
After polymerization, undecalci-
fied buccolingual longitudinally ori-
ented 50-μm sections were cut and 
ground down to about 30 μm using 
the TT System (TMA2). The sections 
were stained with azure II or double-
stained using toluidine blue and 
acid fuchsin. The investigation was 
carried out using a bright field light 

microscope (BX 51, Olympus Amer-
ica) connected to a high-resolution  
digital camera (FinePix S2 Pro, Fuji 
Photo Film). A histometric software 
package with image-capturing ca-
pabilities (Image-Pro Plus 6.0, Media 
Cybernetics) was calibrated for each 
experimental image using calibra-
tion wizard, a feature that reports 
the number of pixels between two 
selected points on a micrometer 
scale. The linear remapping of the 
pixel numbers in micrometers was 
used to calibrate the distance. 

Fig 6a  Radiograph of the implant after 
the provisional crown was replaced with a 
healing abutment.

Fig 6b  A 6-mm-diameter trephine drill 
was used to remove the implant. 

Fig 6c  The implant immediately before 
removal.

Fig 5a  Radiograph of the implant 8 
weeks after placement.

Fig 5b  Facial view of the implant 8 weeks 
after placement.

Fig 5c  Occlusal view of the implant 8 
weeks after placement.
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Circularly polarized light 
microscopy (CPLM)

Birefringence was used to evalu-
ate the microstructure of the peri-
implant bone using CPLM (Axiolab, 
Carl Zeiss) equipped with two 
linear polarizers and two quarter-
wave plate retarders arranged to 
produce transmitted circularly po-
larized light. The optical system 
was connected to a high-resolution 
CCD-IRIS digital camera (Sony 
DXC-107-A), and the images were 
captured using Image-Pro Plus 6.0 
image-processing software.

Scanning electron microscopy 
(SEM)

The specimen sections were pol-
ished, coated with a very thin layer 
of gold by vacuum evaporation, and 
observed with a scanning electron 
microscope (Cambridge Stereo-
scan 200, Cambridge Instrument) 
equipped with a tetra solid-state 
detector for backscattered elec-
trons. The peri-implant bone was 
analyzed to evaluate its organization 
and mineral density.

Results

Both the SEM and light microscopy 
(LM) images showed an intimate 
contact between the implant neck 
and the crestal bone. The bone 
contacting the implant surfaces ap-
peared to be well structured and in 
an advanced phase of maturation.

The percentage of bone-to-
implant contact (BIC) was mea-
sured on three sections. The mean 
BIC percentage was 64.2 ± 3.0  
(Table 1). Under LM, the level of the 
buccal bone was well conserved and 
showed a local BIC rate of 69.8% 
(Figs 7 and 8). Under CPLM, trans-
verse collagen fibers, which lie in 
the plane of the section, appeared 
in blue-white. Longitudinal collagen 
fibers, which ran perpendicular to 
the plane of the section, appeared 
in yellow-orange (Fig 9). Under SEM 
observation, using secondary elec-
trons, the peri-implant crestal bone 
showed an intimate contact with the 
implant surface (Fig 10).

Table 1 Descriptive statistics for the bone-to-implant 
contact findings for the three sections that were 
examined

Section BIC (%) Mean SD

1 64.24

64.243 3.0252 67.27

3 61.22
SD = standard deviation.
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Fig 7 (left)  The light microscopic image 
(×32) of the implant (I) after 8 weeks of 
healing showed it to be well osseointe-
grated, with a high BIC rate. B = buccal 
side; L = lingual side. (acid fuchsin and 
azure II stain) 

Fig 8 (right)  Light microscopic image 
(×50) of the buccal bone in a buccolin-
gual section stained with acid fuchsin and 
azure II. The bone tissue (B) contacting 
the implant body (Ib) surface showed 
a substantial conservation of the bone 
buccal wall. The BIC rate measured inside 
rectangle a was 69.8%. Most of the bone 
contacting the implant surface between 
the implant shoulder and the first implant 
thread appeared to be newly formed with 
low mineral content (**), whereas away 
from the implant surface, bone with a high 
mineral content (*) was noted. (hs=healing 
screw, *** = retrieval debridement, ms = 
marrow spaces) 
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Fig 10  SEM secondary electrons image 
at ×75 magnification of a buccolingual 
section. At the crestal level, both the 
buccal bone (BB) and lingual bone (LB) 
walls showed an intimate contact with the 
implant body (I). 

Fig 9  Images of the same bone area as 
in Fig 8 under CPLM (a and c) and LM (b 
and d). In both a and c (unstained sec-
tions), transverse collagen fibers (**) and 
longitudinal collagen fibers (*) were evident 
in the newly formed bone contacting the 
implant surfaces (I). In b and d, the bone (B) 
appeared to be well structured and in an 
advanced phase of maturation with several 
marrow spaces (ms).
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Discussion

Achieving high primary stability is 
an important factor in immediate 
occlusal loading applications. It en-
ables the implant to resist micro-
movements and maintain primary 
stability until final biologic stability 
has been established.24 Dense bone 
has been found to be an impor-
tant prognostic factor for achieving 
good primary stability.

Both the quality of the bone di-
rectly surrounding implants and the 
surgical technique used to place 
them have a positive influence on 
the initial BIC.25 High implant inser-
tion torques also were demonstrat-
ed to have a positive effect on bone 
development around immediately 
loaded implants.26 Increased peak 
insertion torques reduce implant 
micromotion, especially in soft 
bone where implant failures can 
be consistently higher.27 Com-
parable survival rates have been 
demonstrated for immediate- and 
delayed-loaded implants placed 
in poor bone when high insertion 
torque was achieved.28

Macro- and microgeometry 
can also influence the implant’s ef-
fectiveness at resisting micromove-
ment, with roughened surfaces 
helping to ensure that a tolerable 
range (50–150 µm) of micromotion 
will not be exceeded.29 A 2008  
human cadaver study that com-
pared the stability of different im-
plant designs in poor quality bone 
found higher insertion torque 
achieved by tapered implants than 
cylindrical ones.30

A close relationship between 
the implant surface and surround-
ing bone is essential to osseoin-
tegration. One 2002 animal study 
found that while BIC values for ma-
chined and roughened titanium im-
plants were similar after 2 months 
of osseointegration (roughly 40%), 
after 4 months of observation, the 
roughened surfaces seemed to 
stimulate a closer BIC (65%) than 
the machined ones.31 Comparable 
results were achieved in a 2003 hu-
man study involving 11 implants, 
with 47.81% BIC found on the dual 
acid-etched surface after 2 months 
of unloaded healing.32 

Conclusion

Within the limitations of the study, 
the results suggest that (1) when us-
ing a new multisurface topography 
implant, a high level of osseointe-
gration and good marginal bone 
stability can be achieved using 
immediately loaded single-tooth 
implant restorations in the poste-
rior mandible, and (2) high insertion 
torque can lead to rapid bone ap-
position to an immediately loaded 
single-tooth implant placed in poor-
quality bone. Additional studies 
should be conducted with a larger 
sample to confirm these conclu-
sions. 
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