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Direct bone formation on the implant surface is a treatment goal in implant dentistry. It was always thought that
a healing period of 3 months for the lower jaw and 5–6 months for the upper jaw was required for
osseointegration to occur. Recent studies, however, show that with the early loading protocol, osseointegration
is possible as well. The goal of this study was to evaluate clinical, histologic, and histomorphometric parameters
of implants with early loading protocols and implants that did not undergo the early loading protocol. In this
experimental study, the first to the fourth premolar teeth were extracted from the lower jaws of 3 dogs. After a
healing period of 3 months, 12 BioHorizons internal implants 4.5 3 10.5 mm were placed in the mandible of the
dogs. The implant stability quotient (ISQ) was recorded. After 3 weeks, half of the implants were exposed, and
after recording ISQ, polycarbonate crowns were placed on them and occlusion was adjusted so that there was
no contact in centric occlusion and no lateral movement with the opposing teeth. After 3 months, the ISQs were
recorded for all the implants. Bleeding upon probing and pocket depths were measured for the early loading
implants. All the implants were removed using a trephine bur, and cross-sections of 150 lm were prepared,
from which the bone implant contact (BIC) and the type of bone around them were obtained. Statistical analysis
was conducted with independent t test, paired t test, and repeated analysis of variance. The BIC for the early
loaded group was 46.17% 6 12.89%, and for the unloaded group was 44.4% 6 10.45%. This difference was not
statistically significant (P ¼ .811). The ISQ for the implants in the early loaded group (before they were removed)
was 71 6 7.35 and that of the unloaded group was 66.75 6 11.86 .These differences were statistically
insignificant. With regard to the result of this study, and the fact that the 2 groups showed no statistically
significant differences in a number of major aspects, such as BIC and ISQ, it seems possible to load implants with
an earlier than usual protocol with no adverse effects on implant success. It is necessary, however, to follow
certain protocols for this type of loading.
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D

ental implants are increasingly used
to replace missing teeth. Direct contact between implant surfaces and
the bone is a treatment goal in
implant dentistry.1
The prerequisite for the 2-stage surgical protocol
described by Branemark et al2 to achieve osseointegration is to place the implant below the osseous
crest (subcrestally), cover the implants with soft
tissue for 3–6 months, and keep pressure off the
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implants for this period. After this protocol, a placement. It was thought that a period of 3–6
second surgery to uncover the implants and apply months was necessary for complete healing before
prosthetic abutments is required. Many completely implant loading; however, recent studies show that
or partially edentulous patients have been treated integration occurred in implants loaded early
using this protocol.2–4 In any situation, it was integrated and those loaded later and that early
believed that a healing period of at least 3 months loading induces osseointegration and even prein the lower arch and 5–6 months in the upper arch vents bone loss.16
In this study, we used the following definitions
was required for osseointegration to occur.2,3,5 The
rationale for this waiting period and delayed for loading time (as defined in a congress held at
loading is that early loading of implants can cause Barcelona, Spain, in May 200217): immediate loadformation of fibrous tissue around the implants ing, the prosthesis is delivered on the same day of
instead of direct contact with the bone.5,6 Recent implant surgery; early loading, the prosthesis is
studies, however, show that although immediate or delivered after implant surgery in a separate
early loading can induce the formation of fibrous appointment that is earlier than the standard
tissue around dental implants, it is not necessarily protocol (3–6 months); delayed loading, the prosresponsible for formation of fibrous tissue around thesis is delivered in a separate appointment after a
healing period of 3–6 months; occlusal loading, the
them.7
The logic of immediate and early loading is to crown or the bridge is in contact with the opposing
reduce the formation not only of fibrous tissue but teeth in centric occlusion; nonocclusal loading, the
also of woven bone and to induce formation of crown or the bridge is not in contact with the
18
mature lamellar bone to resist occlusal forces.1,8 It opposing teeth. Ghanavati et al demonstrated
should also be noted that early loading is done that loading time had no effect on the presence of
when the bone is at its weakest point after surgery inflammatory cells, spread of the lamellar and
woven bone, and bone-implant contact (BIC).
(3–5 weeks).1
19
There are different criteria for evaluating the Sagara et al conducted a study on 3 groups of
health of dental implants, such as survival rate, implants (group 1 ¼ one stage on soft diet; group 2
crestal bone loss, probing depth, bleeding index, ¼ one stage on hard diet; group 3 ¼ two stages). In
and mobility.9–13 Osseointegration, which is direct general, new bone formation was seen on the
contact of the bone with the implant body, can surfaces of all the implants in the 3 groups, and no
provide prosthetic support and transmit occlusal fibrous tissue was seen in any of the 3 groups. The
forces to the bone.14 According to Branemark’s amount of BIC was compared between the 3
definition, osseointegration is the direct contact of groups, and the highest was obtained in group 3
the bone with the implant, as can be observed (57.4% 6 15.6%), which was significantly different
under a magnifying optical microscope on at least from that in group 2 (35.5% 6 11.7%) and group 1
some point of the implant body.2 It is important to (40.1% 6 19.6%); however, the differences in BIC
note that osseointegration refers to the direct between groups 1 and 2 were not significant. In a
20
contact between the implant and the bone, which study by Rocci et al, the histomorphometric
can be verified under a light microscope. However, measurements in 5 patients with 2 implants
100% osseointegration never occurs around the immediately loaded showed BIC of 92.9%, whereas
implants with early loading showed BIC of 81.4%.
implant surface.
At the light microscopy level, successful cases The authors concluded that both groups of early
have shown 30%–95% osseointegration.15 Success loading and immediate loading did osseointegrate
in osseointegration depends on 4 important basic normally. In addition, other studies showed survival
factors: (1) biocompatible implants, which means rates of 93.4%, 94.1%, 96.2%, 96%, 97.7%, 99.1%,
21–31
the materials used in the implants should not and 100% for early loading.
stimulate the patients’ immune system; (2) close
contact between the bone and the implant; (3) use
MATERIAL AND METHODS
of a surgical technique with the most minimal
mechanical and heat traumas caused by the drill; This study was an experimental animal study. The
and (4) minimized force on implants after their inclusion criterion required the dog to be 1 to 4
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years old. Each subject’s lower first to fourth
premolars were extracted, and the canines and first
molars were retained. Each group consisted of 6
implants (unloaded and early loaded implants).
After we described the study protocol and
obtained approval from the ethics committee of
the Esfahan Dental School, we selected 3 dogs for
the study. The dogs were examined by a veterinarian to check health status and whether they met the
study criterion. Each dog was anesthetized with
intravenous ketamine hydrochloride (5 mg/kg),
followed by inhaled nitrous oxide. This procedure
was used at every step in which anesthesia was
necessary.
The posterior teeth in the lower jaw from the first
to the fourth premolars were extracted. These teeth
had divergent roots; hence, they were separated
from the furcation area using a high-speed handpiece and then taken out separately using forceps to
minimize trauma during the extraction. Periodical
radiographs were taken after extraction to ensure
that no root tips were left behind.
After 3 months, the dogs were anesthetized.
Periapical radiographs were taken to confirm
complete healing. The flap was reflected using a
crestal incision, and the site was prepared with a
starter drill for implant placement. Drill depths of 2
3 10.5 mm and 2.5 3 10.5 mm were made. The final
preparation was made with 3.0- and 3.2-mm widthincreasing drills. In each lower jaw, 4 internal
implants (Biohorizons Implant Systems, Birmingham, Ala) with a 4.0-mm diameter and a 10.5-mm
length were placed. These lengths and measurements were based on those used in the study by
Schnitman et al32 The implants were placed with a
Nouvag micromotor (Micro Dispenser, Nouvag AG,
Goldach, Switzerland) and rotated at 800 rpm
according to the manufacturer’s recommendation.
A torque of 50 Ncm was recorded by using a digital
torque wrench to establish good primary stability
and to ensure that all of the implant threads were in
the bone and only their high polished surfaces were
above the bone.
We ensured that all of the implants had the
proper initial stability by this way.33,34 Upon
removal of the abutments and with the aid of a
proper smart peg (type 27) and Osstell (Integration
Diagnostics, Savedalen, Sweden), the implant stability quotient (ISQ) of each implant was recorded,
the cover screws were placed, and all of the

implants were submerged. The final positions of
the implants were verified using periapical radiographs. Three weeks after the implants were placed,
the dogs were anesthetized, half of the implants
were randomly exposed, and the abutments were
placed and tightened up to 30 Ncm using a ratchet
and a torque wrench. The polycarbonate crowns
(Williams Dental Service, Täby, Sweden) were
relined using an acrylic resin trim (Trim II, Harry J.
Bosworth Co, Skokie, Ill) and cemented onto the
abutments using zinc phosphate cement (De Trey
Zinc Cement AD, International Ltd, Wey Bridge, UK).
Occlusion was adjusted to prevent contact in
centric occlusion or lateral movement.
Three months after the implant placement, with
the dogs on a plaque control program and soft diet
in the first 4 weeks and a regular diet thereafter, the
last step was started. As in the previous steps, the
dogs were anesthetized. The implants with polycarbonate crowns were measured for probing
mesiobuccal, mesiolingual, distolingual, and distobuccal depths (in millimeters). The bleeding upon
probing was recorded. At the end of the procedure,
the provisional crowns and the abutments were
removed. The implants were removed along with
the surrounding bone using a trephine bur with a
10-mm diameter. It is important to note that by
using this method it was not necessary to kill the
dogs, which is a strong point of this study. To
prepare the samples for the next steps, the
following procedures were done:
1. The samples were first fixed and dehydrated.
2. The samples were placed in blocks containing
cold-cure acrylic resin with the aid of a surveyor
(Meliodent, Heraeus Kulzer, Berkshire, UK).
3. Cross-sections of all the samples were prepared
by means of a grand section using a cross-section
instrument (Accutom-50, Struers, Copenhagen,
Denmark).
4. Cross-sections were cut from the longitudinal axis
of the implants at a thickness of 150 lm (Figure 1).
5. The samples were stained (Masson’s Trichrom
Staining, AR 173, Dako, Glostrup, Denmark) and
placed under a microscope. The samples stained
for LAM (Figure 1) were studied under a light
microscope with a digital lens of 340 magnification. The BIC and the percentages of the different
types of bone were recorded (and repeated 2
times). For verification purposes, BIC was again
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FIGURES 1–5. FIGURE 1. Low magnification: it is possible to see that the coronal portion of the implant is covered by compact,
mature, lamellar bone original magnification 31). FIGURE 2. Bone trabeculae formation around the loaded implant (bone
implant contact [BIC]) (Masson’s trichrome; 340). FIGURE 3. Bone trabeculae formation around the control implant (BIC)
(Masson’s trichrome; 340). FIGURE 4. Quality of bone and connective tissue around the loaded implant (Masson’s trichrome;
3400); C ¼ Connective tissue (green arrow), L.B. ¼ lamellar none (white arrow); I ¼ implant. FIGURE 5. At higher magnification,
it is possible to see the types of bone (lamellar and woven) and connective tissues available at the interface. (Masson’s
trichrome; 3100); C ¼ connective tissue (green arrow); L.B. ¼ lamellar bone (white arrow); I ¼ implant.

read with the help of images of the cross-sections
of the samples and Adobe Photoshop 7.0 (San
Jose, Calif). The statistical analysis was carried out
using the SPSS 11.5 software (SPSS, Chicago, Ill),
an independent t test, repeated measures analysis of variance, and a paired t test.

10.45%. One of the samples in the unloaded group
(n ¼ 5) was lost during the preparation. The results
of the independent statistical testing showed no
difference in mean BIC between the early loaded
and the unloaded groups (P ¼ .611; Figures 2 and 3;
Table 1).
Implant stability quotient

RESULTS

The different parameters were evaluated in the 2
different loading systems: the early loading versus
unloading protocol. These parameters included BIC,
ISQ, probing depth, bleeding upon probing, and
histologic findings of bone type 2 mm around the
implants.
Bone-implant contact
In the early loaded group, the BIC was within the
range of 37%–70%, with a mean of 46.17% 6
12.89%; for the unloaded group, BIC was within the
range of 35%–60%, with a mean of 44.40% 6
88
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The ISQs obtained from the Ostell devices right after
implant placement (ISQ1), 3 weeks after placement
(ISQ2), and 3 months after placement (ISQ3) were
recorded. Table 2 shows that the ISQ1 values for the
early loaded group were within in the range of 56–
73, with a mean of 62.5 6 6.53, whereas those of
the unloaded group were within 51–78, with a
mean of 62.17 6 10.59.
For the early loaded group, the ISQ2 values
measured in the third week were within the range
of 54–60, with a mean of 57.67 6 2.88. The ISQ3
values for the early loaded group were within the
range of 62–78, with a mean of 71 6 7.35, whereas

Rismanchian et al
TABLE 1
Percent bone implant contact values in 2 groups
95% CI for Mean
Group

N

Mean

SD

SE

Lower
Bound

Upper
Bound

Minimum

Maximum

Early
Unloaded

6
5

46.17
44.40

12.89
10.45

5.26
4.68

32.64
31.42

59.69
57.38

37
35

70
60

those for the unloaded group were in the range of
51–80, with a mean of 66.75 6 11.86.
To evaluate the effect of early loading on the ISQ
value, the ISQ value before implant removal was
obtained for the early loaded and unloaded groups,
for which statistical analysis showed no significant
difference between the two groups (P ¼ .473). We
obtained a statistically significant difference between the ISQ1, ISQ2, and ISQ3 values in the early
loaded group (P ¼ .009). The paired t test result
showed a statistically significant difference between
the ISQ2 and ISQ3 values (P ¼ .014). However, there
was no statistically significant difference between
the ISQ1 and ISQ2 values (P ¼ .191) or between the
ISQ1 and ISQ3 values (P ¼ .059). In the unloaded
group, there was no statistically significant difference between the ISQ obtained on the day of
implant placement and that obtained before
implant removal (P ¼ .581) according to the results
of the paired t test.
Probing depth
Probing depth was measured at 4 points: MB, DB,
ML, and DL for early loaded implants. This variable
was not possible to measure for unloaded implants
because they remained submerged until the day
they were removed. The data obtained are recorded
in Table 3.

Significance
Between Groups
.811

Bleeding upon probing
The bleeding status of each group was documented. In the early loaded group, upon probing, 3
samples (50%) had bleeding, whereas the other 3
samples (50%) had none. This variable was not
measurable for the unloaded implants because
they stayed submerged until the day they were
removed.
Type of bone 2 mm around the implants
In the 2-mm implant vicinity, which consisted of
woven and lamellar bones, some connective and
inflammatory tissues could be seen. It should be
noted that one of the unloaded samples (n ¼ 5)
was lost during the preparation. Woven bone
formed 33.2%–40.0% (mean 6 SD ¼ 36.22% 6
2.63%) of the bones surrounding the early loading
implants and 32.3%–40.2% (35.80% 6 2.97%) of
the bones surrounding the unloaded implants
(Figures 4 and 5). Lamellar bone formed 52.2%–
60.5% (56.75% 6 3.32%) of the bones around the
early loading implants and 53%–61% (57.8% 6
3.11%) of the bones around the unloaded implants (Table 4; Figures 4 and 5). Connective and
inflammatory tissues of the early loaded implants
were 7.03% 6 0.9% and for the unloaded implants
were 6.8% 6 3.41%. To determine the effect of
early loading on the type and the amount of bone
around the implants, comparison of the early

TABLE 2
Statistical data on the implant stability quotient in different time intervals in unloaded and early loaded implants
95% CI for Mean
Time

Group

N

Mean

SD

SE

Lower
Bound

Upper
Bound

Minimum

Maximum

Day of insertion

Early
Unloaded
Early
Early
Unloaded

6
6
6
6
6

62.50
62.17
57.67
71.00
66.75

6.53
10.59
2.88
7.35
11.86

2.66
4.32
1.17
3.00
4.84

55.65
51.05
54.65
63.29
54.31

69.35
73.28
60.68
78.71
79.19

56.00
51.00
54.00
62.00
51.00

73.00
78.00
60.00
78.00
80.00

3 weeks later
3 months later

Significance
Between Groups
.949
———————
.473
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TABLE 3
Probing pocket depth at 4 points of early loaded and unloaded implants
95% CI for Mean
Location

Mean

SD

SE

Lower Bound

Upper Bound

Minimum

Maximum

PPDMB
PPDML
PPDDB
PPDDL

2.17
2.33
2.00
2.17

0.41
0.82
0
0.75

0.17
0.33
0
0.31

1.74
1.48
2.00
1.38

2.60
3.19
2.00
2.96

2
1
2
1

3
3
2
3

*PPDMB indicates probing pocket depth mesio-buccal; PPDML, probing pocket depth mesio-lingual; PPDB, probing
pocket depth disto-buccal; PPDDL, probing pocket depth disto-lingual.

loaded and unloaded groups was made using an
independent t test (Table 4).
In lamellar and woven bone content of the
bones surrounding the implants, there was no
significant difference between the 2 groups (P ¼
.605), as well as in connective and inflammatory
tissue composition (P ¼ .582).
DISCUSSION

This study was conducted to evaluate the clinical,
histologic, and histomorphometric parameters of
Biohorizons dental implants using the early loading
protocol. The parameters, that is, BIC, insertion
torque, pocket depth at 4 points, and type of bone
in the 2-mm vicinity of the implants, were evaluated
and used as criteria for success in early loading of
implants as opposed to unloaded implants. Early
loading can provide patients with a shorter
treatment time and, therefore more comfort.
A total of 12 Biohorizons implants with a 10.5mm length and a 4-mm diameter were placed in the
lower jaws of 3 dogs; 6 of the implants were not
loaded at all, and 6 were loaded 3 weeks after the
placement of the implants with polycarbonate
crowns. A review of the literature on implant

loading indicates the important role of mechanical
forces on bone loss prevention. Wolf’s law describes
the correlation between mechanical events, such as
stress and strain, and biological events, such as
bone remodeling formation or resorption.35–37 Bone
contact depends on strain value and type (compressive, tensile, or shear), time, and frequency.38 In
an animal study by Ghanavati et al,18 the BIC in the
unloaded group was 51.5% 6 3.2%, whereas that in
the early loaded group was 50.6% 6 1.8%.
Although the value is a bit higher in the former
group, the difference is not statistically significant.
In a study by Sagara et al,19 of 3 groups of implants
studied, the BIC was 57.4% 6 15.6% in the
unloaded group, where implants remained submerged during the healing period; 40.1 6 19.6% in
the group where implants were exposed to the oral
cavity without loading; and 35.5 6 11.7% in the
third group with loading. These differences were
not statistically significant.
In a study by Rocci et al,20 the BIC was 92.9% for
the immediate loading group and 81.4% for the
early loading group; however, the differences were
not statistically significant. The results of our study
also indicate a difference between the 2 groups;
that is, the BIC in the early loaded group was higher

TABLE 4
Composition of bone in the 2 mm around implants
95% CI for Mean
Type of Tissue
Woven bone (%)
Lamellar bone (%)
Inflammatory and
connective tissue (%)

90

Group

N

Mean

SD

SE

Lower
Bound

Upper
Bound

Minimum

Maximum

Early
Unloaded
Early
Unloaded
Early
Unloaded

6
5
6
5
6
5

36.22
35.80
56.75
57.80
7.03
6.40

2.63
2.97
3.32
3.11
0.90
2.55

1.07
1.33
1.36
1.39
0.37
1.53

33.46
32.11
53.26
53.93
6.08
2.56

38.98
39.49
60.24
61.67
7.98
11.04

33.20
32.30
52.20
53.00
6.00
4.50

40.00
40.20
60.50
61.00
8.00
12.70

Vol. XL /No. One /2014

Significance
Between Groups
.811
.605
.582
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than that of the unloaded group (46.17% 6 12.89%
versus 44.4 6 10.45%, respectively). However, this
difference was not statistically significant (P ¼ .811).
The results of this study are consistent with the
results of the study by Ghanavati et al18 and Sagara
et al.19 However, in this study, the BIC was 46.17%
6 12.89%, whereas in a study by Rocci et al,20 it was
81.4%. This finding may be due to the differences
between the 2 studies.
In the study by Rocci et al,20 machined-surface
implants were used and the loading time was 5–9
months. In this study, however, the surfaces of the
implants were treated with resorbable blast media
and the loading time was 3 months. In addition, the
thread designs of the implants were different in the
2 studies. All of these factors could be the cause of
the differences between the 2 studies. Therefore, it
seems that whether or not loading was performed
during the first 3 months has no effect on BIC.
Another aim of this study was to determine the
stability of the implants by resonance frequency
analysis. In a study by Olsson et al,21 implants were
placed in the upper jaws of 10 patients and an ISQ
of 60.1 was obtained. In our study, the implants
were placed in the lower jaws of the dogs and an
ISQ of 62.5 6 6.53 was obtained for the early
loading group and 62.17 6 10.59 for the unloaded
group. The values obtained in these 2 studies are
similar. The ISQ value obtained in our study was
slightly higher than that obtained in the other
study, where the implants were placed in the upper
jaws of humans; the difference may be due to the
differences between dog and human bones. In
addition, in our study, the implants were placed in
the lower jaws of the dogs, where bone is denser.
An interesting point is that it has been reported
in earlier studies that implant stability is at its
weakest 3 weeks after implant placement.33 In other
words, the implant-bone surface is at its weakest
after 3–5 weeks of implant placement.34 The results
of the current study also support this finding, as the
ISQ in the early loaded group right after implantation (ISQ1) was 62.5 6 6.53, and that after 3 weeks,
when the implants were loaded (ISQ2), was 57.67 6
2.88. Before the implants were removed after 3
months, ISQ3 increased to 71.0 6 7.35. Therefore,
ISQ2 was the lowest of the 3 measured ISQ values.
These results confirm the findings of earlier studies.
The difference between the ISQ2 and the ISQ3
values was statistically significant (P ¼ .14); however,

the difference between the ISQ1 and ISQ3 values
was not significant (P ¼ .059). The differences might
have been significant if our sample size had been
larger. Our ISQ value before implant removal in the
early loaded group was greater than that in the
unloaded group (71 6 7.35 versus 66.75 6 11.86),
which shows higher stability for the early loaded
implants than for the unloaded implants. However,
this difference was not statistically significant (P ¼
.473).
The survival rates of the dental implants using
different loading protocols are discussed in various
journal articles. Most of these discuss the survival
rates of early loaded and unloaded implants within
a specific time frame. In a study by Ghanavati et al,18
the overall survival rate of implants in the early and
unloaded groups was 93.7%. Furthermore, in a
study by Olsson et al,21 a survival rate of 93.4% was
recorded for the early loaded implant after 1 year.
De Smet et al22 reported a 94.1% success rate. In the
study by Randow et al,23 a 100% success rate was
obtained. In a study by Cooper et al,24 the success
rate was 96.2%. In the study by Vanden Bogaerde et
al,25 a 96% success rate was obtained, whereas in
the study of Testori et al,26 a 97.7% success rate was
obtained. Roccuzzo et al27 reported a 100% success
rate in their study, whereas Cochran et al28 reported
99.1% (all in the early loaded group). Payne et al,29
Roynesdal et al,30 and Misch and Degidi31 reported
a 100% success rate for all of the implants. Similarly,
in this study, a survival rate of 100% was obtained in
the unloaded and loaded groups. Therefore, none
of the implant placements failed whether the load
was placed early or during the healing phase.
Lamellar and woven bone distribution (separately)
between the loaded and unloaded groups showed
no significant difference in our study; these results
are similar to those of obtained by Ghanavati et al.18
Based on the aforementioned results, it can be
concluded that loading time has no effect on the
type of bone formed. As mentioned previously, the
goal of early loading is not only to reduce fibrous
tissue formation but also to induce lamellar bone
formation to resist occlusal forces.1,8 The results of
this study showed no significant difference in bone
type in the 2 different loading systems, although in
the early loaded group, the percentage of lamellar
bone (56.75% 6 3.32%) was higher than that of
woven bone (36.22% 6 2.63%).
In the study by Ghanavati et al,18 the degree of
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inflammation around the dental implants was
assessed by a pathologist on a scale of 0 to 3 (0 ¼
no inflammation and 3 ¼ severe inflammation).
Inflammatory cells were not observed in any of the
groups. In this study, the inflammatory and
connective tissues (or nonbony tissues in general)
comprised 7.03% 6 9% of the surrounding area of
the dental implants in the early loading group and
6.40% 6 2.55% of that in the unloaded group;
however, the differences are not statistically significant (P ¼ .582). Therefore, the loading time had no
effect on the degree of inflammation or the
connective tissue formation.
CONCLUSION

In view of the present discussion, it can be
concluded that there was no statistically significant
difference between the unloaded and loaded
groups in extent of BIC at the light microscope
level. No implant failures were seen in either group.
Contrary to the belief that for osseointegration to
occur, a time interval of .3 months is required,
loading can be done earlier with no adverse effect
on osseointegration or implant survival rate.

ABBREVIATIONS

BIC: bone implant contact
DB: distobuccal
DL: distolingual
ISQ: implant stability quotient
MB: mesiobuccal
ML: mesiolingual
REFERENCES
1. Misch CE, Scortecci GM. Immediate load application in
implant dentistry. In: Misch CE. Dental Implant Prosthetics. Beijing,
China: Mosby Inc; 2005:531–567.
2. Branemark PI, Hansson BO, Adell R, et al. Osseointegrated
implants in the treatment of the edentulous jaw: experience from a
10-year period. Scand J Plast Reconstr Surg Suppl. 1977;16:1–132.
3. Adell R, Lekholm U, Rockiler B, Branemark PI. A 15-year
study of osseointegrated implants in the treatment of the
edentulous jaw. Int J Oral Surg. 1981;10:387–416.
4. van Steenberghe D, Lekholm U, Bolender C, et al.
Applicability of osseointegrated oral implants in the rehabilitation
of partial edentulism: a prospective multicenter study on 558
fixtures. Int J Oral Maxillofac Implants. 1990;5:272–281.
5. Albrektsson T, Jansson T, Lekholm U. Osseointegrated
dental implants. Dent Clin North Am. 1986;30:151–174.
6. Albrektsson T, Branemark PI, Hansson HA, Lindstrom J.
Osseointegrated titanium implants: requirements for ensuring a

92

Vol. XL /No. One /2014

long-lasting, direct bone-to-implant anchorage in man. Acta Orthop
Scand. 1981;52:155–170.
7. Romanos G, Toh CG, Siar CH, et al. Peri-implant bone
reactions to immediately loaded implants: an experimental study in
monkeys. J Periodontol. 2001;72:506–511.
8. Meyer U, Wiesmann HP, Fillies T, Joos U. Early tissue
reaction at the interface of immediately loaded dental implants. Int
J Oral Maxillofac Implants. 2003;18:489–499.
9. Misch CE. An implant is not a tooth: a comparison of
periodontal indexes. In: Misch CE. Dental Implant Prosthetics.
Beijing, China: Mosby Inc; 2005:18–31.
10. Misch CE. The implant quality scale: a clinical assessment of
the health-disease continuum. Oral Health. 1998;88:15–20.
11. ten Bruggenkate CM, van der Kwast WA, Oosterbeek HS.
Success criteria in oral implantology: a review of the literature. Int J
Oral Implantol. 1990;7:45–51.
12. Smith DE, Zarb GA. Criteria for success of osseointegrated
endosseous implants. J Prosthet Dent. 1989;62:567–572.
13. Albrektsson T, Zarb GA. Determinants of correct clinical
reporting. Int J Prosthodont. 1998;11:517–521.
14. Hobo S, Ichida E, Garcia L. Osseointegration and occlusal
rehabilitation. Tokyo: Quintessance Publishing Co; 1989:3–19.
15. Bernard GW, Carranza FA, Jovanovic SA. Biologic aspects of
dental implants. In: Newman MG, Takei HH, Carranza FA, eds.
Carranza’s Clinical Periodontology. 9th ed. Philadelphia, Pa: W.B.
Saunders Co; 2001:882–888.
16. Branemark PI. Osseointegration—a method of anchoring
prostheses. Swedish Soc Med. 1992;1:7–15.
17. Aparicio C, Rangert B, Sennerby L. Immediate/early loading
of dental implants: a report from the Sociedad Espanolade
Implantes World Congress consensus meeting in Barcelona, Spain,
2002. Clin Implant Dent Relat Res. 2003;5:57–60.
18. Ghanavati F, Shayegh SS, Rahimi H, et al. The effects of
loading time on osseointegration and new bone formation around
dental implants: a histologic and histomorphometric study in dogs.
J Periodontol. 2006;77:1701–1707.
19. Sagara M, Akagawa Y, Nikai H, Tsuru H. The effects of early
occlusal loading on one-stage titanium alloy implants in beagle
dogs: a pilot study. J Prosthet Dent. 1993;69:281–288.
20. Rocci A, Martignoni M, Burgos PM, Gottlow J, Sennerby L.
Histology of retrieved immediately and early loaded oxidized
implants: light microscopic observations after 5 to 9 months of
loading in the posterior mandible. Clin Implant Dent Relat Res. 2003;
5:88–98.
21. Olsson M, Urde G, Andersen JB, Sennerby L. Early loading
of maxillary fixed cross-arch dental prostheses supported by six or
eight oxidized titanium implants: results after 1 year of loading,
case series. Clin Implant Dent Relat Res. 2003;5:81–87.
22. De Smet E, Jaecques SV, Wevers M, et al. Effect of
controlled early implant loading on bone healing and bone mass in
guinea pigs, as assessed by micro-CT and histology. Eur J Oral Sci.
2006;114:232–242.
23. Randow K, Ericsson I, Nilner K, Petersson A, Glantz PO.
Immediate functional loading of Branemark dental implants: an 18month clinical follow-up study. Clin Oral Implants Res. 1999;10:8–15.
24. Cooper L, Felton DA, Kugelberg CF, et al. A multicenter 12month evaluation of single-tooth implants restored 3 weeks after 1stage surgery. Int J Oral Maxillofac Implants. 2001;16:182–192.
25. Vanden Bogaerde L, Pedretti G, Dellacasa P, Mozzati M,
Rangert B. Early function of splinted implants in maxillas and
posterior mandibles using Branemark system machined-surface
implants: an 18-month prospective clinical multicenter study. Clin
Implant Dent Relat Res. 2003;5:21–28.
26. Testori T, Del Fabbro M, Feldman S, et al. A multicenter
prospective evaluation of 2-months loaded Osseotite implants

Rismanchian et al
placed in the posterior jaws: 3-year follow-up results. Clin Oral
Implants Res. 2002;13:154–161.
27. Roccuzzo M, Bunino M, Prioglio F, Bianchi SD. Early loading
of sandblasted and acid-etched (SLA) implants: a prospective splitmouth comparative study. Clin Oral Implants Res. 2001;12:572–528.
28. Cochran DL, Buser D, ten Bruggenkate CM, et al. The use of
reduced healing times on ITI implants with a sandblasted and
acidetched (SLA) surface: early results from clinical trials on ITI SLA
implants. Clin Oral Implants Res. 2002;13:144–153.
29. Payne AG, Tawse-Smith A, Kumara R, Thomson WM. Oneyear prospective evaluation of the early loading of unsplinted
conical Branemark fixtures with mandibular overdentures immediately following surgery. Clin Implant Dent Relat Res. 2001;3:9–19.
30. Roynesdal AK, Amundrud B, Hannaes HR. A comparative
clinical investigation of 2 early loaded ITI dental implants
supporting an overdenture in the mandible. Int J Oral Maxillofac
Implants. 2001;16:246–251.
31. Misch CE, Degidi M. Five-year prospective study of
immediate/early loading of fixed prostheses in completely edentulous jaws with a bone quality-based implant system. Clin Implant
Dent Relat Res. 2003;5:17–28.
32. Schnitman PA, Wohrle PS, Rubenstein JE, DaSilva JD, Wang

NH. Ten-year results for Branemark implants immediately loaded
with fixed prostheses at implant placement. Int J Oral Maxillofac
Implants. 1997;12:495–503.
33. Barewal RM, Oates TW, Meredith N, Cochran DL. Resonance
frequency measurement of implant stability in vivo on implants
with a sandblasted and acid-etched surface. Int Oral J Maxillofac
Implants. 2003;18:641–651.
34. Misch CE, Wang HL, Misch CM, Sharawy M, Lemons J, Judy
KW. Rationale for the application of immediate load in implant
dentistry: part I. Implant Dent. 2004;13:207–217.
35. Hansson S. A conical implant-abutment interface at the
level of the marginal bone improves the distribution of stresses in
the supporting bone: an axisymmetric finite element analysis. Clin
Oral Implants Res. 2003;14:286–293.
36. Hansson S, Werke M. The implant thread as a retention
element in cortical bone: the effect of thread size and thread
profile: a finite element study. J Biomech. 2003;36:1247–1258.
37. Hansson S. The implant neck: smooth or provided with
retention elements: a biomechanical approach. Clin Oral Implants
Res. 1999;10:394–405.
38. Turner CH. Three rules for bone adaptation to mechanical
stimuli. Bone. 1998;23:399–407.

Journal of Oral Implantology

93

