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Purpose: The purpose of this study was to compare patterns of crestal bone remodeling with 2 sin-
tered porous-surfaced dental implant designs during a 14-month functional period. Materials and
Methods: Two root-form press-fit dental implants were evaluated in healed extraction sites in dog
mandibles. The standard (control) design was a press-fit implant with a 2-mm machined collar; the
remainder of the implant had a sintered porous surface. The test or “hybrid” design had 3 coronal
machined threads instead of a machined collar; the remainder of the implant had a sintered porous
surface. Results: Standardized radiographs indicated significantly less crestal bone loss (0.82 to 0.93
mm versus 1.45 to 1.5 mm) with the hybrid design and a slower approach toward an apparent steady
state (12 to 14 months for the hybrid versus 7 months for the standard design). Morphometric assess-
ment of back-scattered scanning electron micrographs confirmed that crestal bone loss was signifi-
cantly less for the hybrid design on all but the lingual implant aspect. Conclusion: The addition of coro-
nal threads to an implant relying on a sintered porous surface geometry for its long-term
osseointegration reduced the extent of crestal bone loss compared to a machined collar region. INT J
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he dental implants most commonly used to

replace missing tooth roots are available in 2
basic designs: (1) threaded screws or (2) press-fit
cylinders or press-fit truncated tapered cones.’ These
2 basic designs offer different clinical advantages
and limitations. For example, threaded screws pro-
vide good immediate implant fixation (if placed in
bone types 1 or 2),2 but must be used in long lengths
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(eg, 10 mm in the mandible and 13 mm in the max-
illa) to develop and maintain fixation to bone
(“osseointegration”), which primarily consists of lin-
ear bone-implant contact.3* This is particularly
important for implants with a machined finish.>~’
Modification of threaded implants to provide irrequ-
lar or roughened surface textures has been shown to
improve performance, again provided that they are
used in long lengths.? Threaded implant designs
have been used successfully under the more
demanding conditions of immediate implant load-
ing.’~13 Immediate loading is defined as functional
loading of an implant within 48 hours of implant
placement.'® Press-fit implants are nonthreaded
devices and rely on surface irregularities (eg, under-
cuts or surface porosity within which bone can form)
to achieve osseointegration. Press-fit implants may
be more suitable for use in bone of lower density
(types 3 and 4)? and, in the case of sintered porous-
surfaced (SPS) press-fit implants, in shorter
lengths.'*1> They provide less initial stability immedi-
ately after implant placement and therefore are not
generally considered appropriate for immediate
loading.
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Fig 14 The control and hybrid implants; the hybrid implant had 3
coronal threads.

The present investigation was intended to deter-
mine whether there might be some advantage to
adding several coronal threads to an SPS implant. If
such a "hybrid” implant performed as well or better
than a control SPS implant (ie, one without coronal
threads), it might enable SPS implant designs to be
used with immediate implant loading. As a first step
in this longer-term endeavor, 2 SPS implant designs,
a "hybrid” with 3 coronal threads and a control with-
out these threads, were tested in dog mandible
using standard submerged implant placement, initial
healing for 8 weeks, and subsequent implant func-
tion for a 14-month period. Crestal bone remodeling
with both implant designs was assessed both with
standardized radiographs and with morphometric
assessment of back-scattered electron micrographs
of histologic sections prepared at the termination of
the experiment.

MATERIALS AND METHODS

The 2 implant designs studied are shown in Fig 1.
Both were made from titanium alloy (Ti-6Al-4V) with
a machined core and sintered porous layer. Both had
a tapered, truncated cone shape with an overall
length of 5.3 mm for the hybrid and 5.6 mm for the
control (nonthreaded) implant, with a maximum
diameter at the coronal region of 4.1 to 4.2 mm.The
control design had a 2.0-mm-long machined collar
segment, while the remaining 3.6 mm of the implant
body was covered with a porous layer approximately
0.3 mm thick formed by sintering Ti-6AIl-4V powder
particles to form a structure with interconnected
porosity suitable for fixation by bone ingrowth.'6-1?
The hybrid design had 3 machined threads occupy-
ing the most coronal 1.8 mm region, coronal to a

Fig 2 After an initial submerged healing interval, each implant
was exposed and connected to a straight-sided abutment with a
length of 5 mm and a diameter of 4.1 mm to effect some loading.

machined collar region of 0.5 mm. The remaining 3.0
mm of implant length had the same porous surface
as the standard (control) implant.

All animal handling and treatment procedures
were approved by the University of Toronto Animal
Care Committee. Except for regular tooth brushing (3
times weekly), all procedures were done under gen-
eral anesthesia. The study involved 4 young adult
male beagle dogs in which edentulous spaces were
created by extracting the mandibular second, third,
and fourth premolars and first molars bilaterally. After
3 months of extraction-site healing, 3 implants of each
design were placed in each animal. One side of the
mandible (determined by the toss of a coin) received
3 hybrid (test) implants, while the contralateral side
received 3 standard (control) implants. Implant
osteotomy sites were prepared using a motorized
handpiece and 2 surgical burs. Each site was prepared
initially with an end-cutting pilot bur to create site
depth, followed by final preparation with a tapered
implant bur made to correspond to the implant shape
and dimensions.'”'? At this point, each control
implant was placed in an osteotomy site and tapped
into place with a surgical mallet and an implant driver
tip.'® In contrast, each experimental implant, once
inserted into its osteotomy site, was seated by means
of a hand wrench, allowing the threaded segment to
self-thread and engage the crestal bone.

All implants were placed using a 2-stage surgical
protocol so as to allow undisturbed initial healing.'®'°
A healing interval of 8 weeks was allowed, after which
implants were uncovered surgically and connected to
transgingival abutments (Fig 2) to permit functional
loading. Standardized periapical radiographs were
obtained at this time and at monthly intervals there-
after for the duration of the experiment. The animals
were observed for a functional loading interval of 14
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Fig 3 Periapical radiographs. The examples shown are the middle implants from each side of the mandible in 1 animal.

months, after which they were sacrificed by anesthetic
overdose. Implant-containing tissue blocks were col-
lected for morphologic assessment. Blocks were fixed
by immersion (10% formalin) for 14 days, followed by
dehydration in graded ethanols, immersion in xylene
overnight, and embedding in methyl methacrylate
(Osteo-Bed; Polysciences, Warrington, PA). Nondem-
ineralized sections of each embedded specimen were
prepared using routine methods'® and examined
using back-scattered scanning electron microscopy
(BSEM; Hitachi S2500 scanning electron microscope,
Mito City, Japan, with a Robinson Detector, ETPSEMRA,
Sydney, Australia). BSEM images were used to quantify
both bone contact with the sintered implant surface
(contact length fraction [CLF]) and the extent of peri-
implant bone retention (PBR) for each implant. CLF
was determined by measuring the length of bone con-
tact with the outermost surface of the sintered surface
segment of each implant and converting this number
into a fraction by dividing it by the total length of this
implant surface available for bone contact. PBR was
considered the straight-line distance from the apex of
each implant (ie, from the machined implant core at
the apex) to the highest point of crestal bone contact
with the implant surface. Crestal bone loss was deter-
mined by subtracting PBR values from the known
overall implant lengths, since implants were initially
implanted as near as possible with their superior sur-
face at the level of the crestal bone.

Twelve implants of each design were assessed.
Each implant was sectioned to provide 6 to 8 sec-
tions,'® which were measured at mesial, distal, buc-
cal,and lingual aspects. Sigma Scan Pro Image Analy-
sis Version 5 (SPSS, Chicago, IL) was used to collect
these measurements.

Radiographic Assessment

Standardized periapical radiographs were obtained at
the time of abutment connection and at monthly inter-
vals thereafter during the 14-month functional period.
Films were exposed using a customized radiographic
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stainless steel filmholder,® which was connected to
each implant individually (Fig 3). Radiographs were
subsequently digitized, and measurements were made
from these images using Sigma Scan Pro Image Version
5 software (SPSS) to determine the most coronal point
of crestal bone contact with the implant surface using
the apex of the implant (including its porous surface
layer) as the point of reference.

Statistical Analysis

Descriptive methods were used. The analysis of vari-
ance (ANOVA) was used. P < .05 was considered sta-
tistically significant whenever the number of cate-
gories being compared was more than 2. The
Student t test was used where there were only 2 cat-
egories; P values less than or equal to .05 were con-
sidered significant. For the radiographic data with
repeated measures from times 1 through 14, mixed
model analysis with a first-order autoregressive
covariance structure was used to analyze the effects
of animal, and implant type over time and to deter-
mine the time for both implant types at which the
crestal bone levels reached a stable endpoint. SAS for
Windows version 9.1 was used for most analyses.

RESULTS

Radiographic Results

Successful implant fixation occurred within the 8-
week healing interval. During the 14-month func-
tional period, crestal bone loss with standard
implants was limited to the machined collar segment
and stopped after reaching the level of the junction
between the machined collar and the porous surface
(MP-jx). Mean crestal bone loss on the mesial and dis-
tal aspects of the standard implants was 1.50 mm
and 1.45 mm, respectively (Table 1). A different pat-
tern of crestal bone loss was seen with the hybrid
design. While all 3 threads of the hybrid had been
submerged in bone at the time of placement, the
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first 1 to 2 threads became denuded of bone. Mean
crestal bone loss values for this design were 0.82 mm
(on the mesial side) and 0.93 mm (on the distal side;
Table 1). A t test performed for the measurements
obtained from the last radiographs (ie, those
obtained after 14 months in function) for all implants
revealed no significant differences (P = .34) between
the mesial and distal aspects for either implant type.
However, there was a significant difference (P = .01)
between the 2 designs, with the standard implants
showing greater loss of crestal bone.

Average bone loss versus time in function with
standard and hybrid implants is shown in Figs 4a and
4b, respectively. There was a significant change (P <
.001) in crestal bone levels with time in function for
both designs. Crestal bone levels reached a stable
value at around 7 months for standard implants but
not until 10 (distal aspect) to 12 (mesial aspect)
months for hybrid implants.Time to achieve this stable
level was significantly different (P = .0289). In both Figs
4a and 4b, MP-jx is shown as a reference point relative

Morphometric Results

Examples of BSEM images for the 2 implant types are
shown in Figs 5a and 5b. A typical outcome with a
standard implant is seen in Fig 5a. While the implant
was placed with its machined collar submerged in
bone, by the end of the experiment crestal bone had
reached the MP-jx. A typical outcome with the hybrid
implant is seen in Fig 5b. While the hybrid had been
placed with its 3 threads submerged in bone, by the
end of the experiment crestal bone loss had exposed
all or part of the first 2 threads.

CLF and PBR measurements were made sepa-
rately for the mesial, distal, buccal, and lingual
aspects of all implant sections. Mean CLF data are
displayed in Table 2. Using ANOVA, and including ani-

Table 1 Radiographic Data for Mean Bone Loss
(Mean t SD)

Mesial loss (mm) Distal loss (mm)

L. . Mean SD Mean SD
to the curve depicting bone loss. For both designs,
bone loss was limited to machined segments of the Hybrid 082 040 093 043
implants and did not involve the sintered surface. Standard 1.50 039 145 032
Fig 4a Pattern of crestal bone remodeling for 6
the mesial and distal surfaces of the control
(standard) implants. The broken horizontal line
represents the MP-jx. 5 1
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Fig 5a A sample BSEM image of the prox-
imal surface of a control implant. Crestal
bone loss was limited to the machined col-
lar segment; it stopped coronal to the junc-
tion (arrow) of this collar with the sintered
surface segment of the implant.

Fig 5b A sample BSEM of the proximal
surface of a hybrid implant. Crestal bone
loss was limited to the first 2 threads and
was at a considerable distance from the
junction (arrow) with the sintered surface
segment of the implant.

Table 2 CLFs (% Contact)

Buccal Lingual Mesial Distal
Mean SD Mean SD Mean SD Mean SD
Hybrid 37.8% 9.9 35.4 9.6 36.7 6.9 39.4 9.5
Standard 24.1*% 11.9 35.6 9.5 36.4 8.4 36.4 9.5

Measurements were made from BSEM images. The only significant difference (*) noted was

between the buccal measurements for the 2 implant designs (P = .0057).

Table 3 PBR and CBL

Buccal Lingual Mesial Distal
Mean PBR SD CBL Mean PBR SD CBL Mean PBR SD CBL Mean PBR SD CBL
Hybrid 4.10% 0.62 1.20%* 441 045 0.89 461 0.25 0.697 448 0.33 0.82f
Standard 3.59% 0.71 2.01* 442 045 1.18 423 039 1.37°F 419 0.45 1.41f

Measurements were made in BSEM images. CBL = crestal bone loss. "P
gual aspect.

mal as a variable, a significant difference in CLF
between implant types was observed only at the
buccal aspect of the implants. There was significantly
less bone contact with the porous surface on the
buccal aspects of standard implants (P =.006).

PBR measurements are shown in Table 3.The only
significant difference in PBR between implant types was
found with respect to buccal PBR, which was signifi-
cantly greater for hybrid implants than for standard
implants.
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=.006. TP <.001. There was no significant difference in the lin-

Mean crestal bone loss (CBL) values for each
aspect of both implant types also are shown in Table
3.These were calculated by subtracting PBR values
from known implant lengths (5.6 mm for standard
implants versus 5.3 mm for hybrid implants). Crestal
bone loss was significantly less for the hybrid
implants on all aspects but the lingual aspect.
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DISCUSSION

There is an increasing trend for clinicians to utilize
immediate or early functional loading following place-
ment of threaded dental implants.?°-2> Patients with-
out sufficient bone height to receive long threaded
implants (ie, > 10 mm) generally are not candidates for
immediate or early implant loading. These patients
commonly are managed with extra grafting proce-
dures and delayed loading after complete site healing
and implant integration. Therefore, there is a potential
need for a short dental implant design that could be
used with immediate loading with such patients.

The present investigation was undertaken to
study an implant designed as a hybrid SPS device
that might eventually be used under conditions of
immediate load. In this first investigation, however,
implants were placed using a submerged technique
to gather baseline data on implant integration and
crestal bone remodeling with delayed loading of
hybrid versus standard SPS implants. The objective
was to determine whether adding 3 coronal
machined threads to an SPS implant would alter the
degree of bone-implant contact and/or the extent of
crestal bone loss under functional loads compared to
standard SPS implants, which have been examined
previously.'#1>1819 Results showed that the addition
of 3 machined coronal threads to an SPS implant had
no negative impact on implant integration and that it
reduced crestal bone loss during a 14-month func-
tional period in the dog mandible.

BSEM analyses showed significantly less bone-
implant contact for the buccal surface of the standard
implants than for those of the hybrid implants. This
observation may be related to buccal bone thickness
and/or density and its lower vascularity. The reasons
for this difference in buccal bone-implant contact
between the 2 implant designs are uncertain. Opera-
tor bias in implant positioning during osteotomy
preparation favored retention of a thicker buccal plate
with hybrid implants. Since %CLF values were similar
for the 2 designs for the other implant aspects (~ 32%
to 39%), it appears that initial implant stability, a nec-
essary condition for uninhibited bone ingrowth,? was
sufficient with both designs. Another factor that
might have influenced the extent of bone ingrowth
was difference in local peri-implant bone stress field
during healing, since this can influence osteogene-
sis.2’~2° However, it is unlikely that differences in peri-
implant bone stresses occurred between implants
since, again, similar %CLF values were determined for
all but the buccal aspects of the 2 designs.

The morphometric measurements indicated lower
values for bone loss compared to those determined
from radiographs. This difference between the 2

methods of assessment was believed to be due to the
use of different reference points. Radiographic mea-
surements were done in relation to implant apices,
including the porous surface on these apices, while
the more accurate morphometric measurements
were made from the machined surface at the apex of
the implant core structure (ie, excluding the approxi-
mately porous layer, which was approximately 0.3 mm
thick). Although the radiographic measurements
allowed a chronologic recording of crestal bone
changes, the morphometric data determined at the
end of the study are considered more accurate.

Both radiographic and morphometric data
showed less crestal bone loss with the hybrid design.
This might be explained via differences in stress
transfer in the coronal regions of the 2 designs.3%37
Another possible contributing factor leading to lower
crestal bone loss with the hybrid may have been the
effect of design differences on re-establishment of
“biologic width.”3233 Biologic width with fully
threaded implants constitutes a zone of fibrous con-
nective tissue approximately 1.0 to 1.5 mm thick sep-
arating crevicular epithelium from underlying bone.
This corresponds closely to the amount of crestal
bone loss seen with the standard SPS design. The
standard SPS implant had a 2-mm machined collar
that was fully submerged in bone at implant place-
ment. Following uncovering of healed standard SPS
implants and onset of function, 1.2 to 2.0 mm of
machined collar became denuded of bone due to
crestal remodeling (with the greatest amount of cre-
stal bone loss on the buccal aspect). In contrast, while
the hybrid had a coronal machined threaded seg-
ment of 2.3 mm height, only 0.69 to 1.2 mm of this
segment was denuded of bone after the 14-month
loading period. For the threaded portion of the
hybrid, the implant surface/unit implant length was
equal to approximately 1.6 times that of the collar
segment of the standard SPS implant. Hence, consid-
ering levels of crestal bone loss for the hybrid (ie, ~
0.69 to 1.2 mm), crestal bone loss along the actual
length (ie, X1.6) of the implant surface was equal to
1.1 to 1.8 mm, which is similar to crestal bone loss
observed with the standard design (1.2 to 2.0 mm).
Crestal loss with the hybrid design also compared
well to values attributable by others to biologic width
accommodation with fully threaded implants.3233

CONCLUSION

The addition of 3 coronal threads to a short sintered
porous-surfaced implant did not significantly alter
initial implant integration during an 8-week sub-
merged healing interval in dog mandible. During a
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14-month functional period, this hybrid SPS implant
showed significantly less crestal bone loss than the
standard SPS design with a 2-mm machined collar.
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