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Background: Immediate loading of dental implants is currently one
of the most examined topics in implant dentistry. Using screw implants
with a microstructured surface and bone-quality–adapted insertion
procedures, osseointegration is achieved when implants are initially
stable and when splinted with the superstructure. Despite reported
success, there is a shortage of information relating to remodeling and
peri-implant bone formation with immediately loaded implants.

Methods: Four to six immediately loaded and unloaded dental im-
plants with a microstructured surface were placed in the mandible
and the maxilla in seven minipigs. A total of 85 implants were placed.
After a 4-month healing period, all implants were retrieved. Histomor-
phometry was performed using a light microscope in transmitted po-
larized light connected to a high-resolution video camera interfaced
to a monitor and personal computer. This optical system was associ-
ated with a digitizing pad and a histomorphometry software package
with image capturing capabilities.

Results: Implants showed osseointegration if the average insertion
torque of the implants within one bridge was >35 Ncm. If the primary
stability of the bridge was <35 Ncm, all implants in the quadrant were
lost after 4 months. The multivariate discriminant analysis showed the
highest correlation for implant stability by bridge insertion torque
(BIT), localization (mandible or maxilla), and implant insertion torque
(IIT) as success parameters. The loaded implants displayed collagen
fibers, which were oriented in a more transverse way. In addition, a
higher quantity of secondary osteons was present. In comparison,
the unloaded implants had collagen fibers with a more parallel orien-
tation, and a higher quantity of marrow spaces was present.

Conclusions: When observed after 4 months, immediately loaded
implants showed a higher degree of bone formation and remodeling
in comparison to unloaded implants. Immediately loaded implants
also demonstrated a prevalence of transversely oriented collagen
fibers in the peri-implant bone. In this animal model, an average inser-
tion torque of the implants within one bridge >35 Ncm was associated
with the most successful implants. J Periodontol 2006;77:152-160.
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I
mmediate loading has recently
become one of the most fre-
quently recognized research

topics in restorative dentistry. Fol-
lowing the developments of the
immediate loading concept by
Ledermann et al.,1,2 a variety of
related clinical approaches have
been reported.3-5

The main objective of immedi-
ate loading is to achieve a high
mechanical stability to avoid mi-
cromovements during the course
of osseointegration.6 For example,
the standard implant placement
procedure in areas of weak bone
quality with lower success rates7

was modified via undersized prep-
aration to achieve high primary
stability.8 The osteotome tech-
nique was developed to increase
the stability of implants9 and to
improve implant success.10 A his-
tologic study in rabbits showed
that the microfractures, which oc-
curred due to the bone condensing
technique, improved the peri-
implant bone formation in the first
weeks after implant placement
through the release of cytokines.11

However, it is important to note
that intensive use of the osteotomy
technique can also harm the bone,
with an increased crestal bone re-
sorption.12* Department of Craniomaxillofacial and Plastic Surgery, University of Cologne, Cologne, Germany.
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Although immediate loading significantly ad-
vanced the field of implant dentistry,13 the implant
surface still needed to be improved.14 The commonly
used titanium plasma-sprayed (TPS)–coated im-
plants created a very high friction in dense bone. His-
tologic findings showed a wear of titanium with foreign
body reactions.15 In 1988, the first grit-blasted and
etched implant surface was developed to enhance
the Ledermann concept.1 The subsequent surface
treatments decreased healing time as well. The dou-
ble-etched surfaces reduced the healing period to 8
weeks,16 and the sand-blasted acid-etched (SLA)–
type surfaces decreased healing time to as little as 6
weeks.17 The rough surfaces improved the de novo
bone formation due to the early adhesion of non-
collagen proteins, such as osteopontin and bone
sialoprotein, at the micropits.18 Calcium phosphate
nucleation at the calcium binding sites on these pro-
teins continues the process of osseointegration, which
culminates in crystal growth and collagen production
with mineralization.19

The development of mineralized bone at the inter-
face of immediately loaded implants depends on two
key factors. First, the implant’s mechanical aspects
must avoid micromovements and create a static envi-
ronment for the healing bone. Second, the appropri-
ate biologic principles must be employed to avoid
the formation of connective tissue and to achieve
close bone-to-implant contact.20-22

In the mandible, no differences in the quality of
bone formation around immediately loaded and un-
loaded implants have been found.23 The present
study aimed to further investigate mandible implanta-
tion through histologic and statistical evaluation,
while also continuing to explore differences found in
the maxilla for the above-mentioned study.23 In doing
so, circularly polarized light (CPL) was used to study
the orientation of the collagen fibers and to determine
the quality of bone remodeling.24 This method is ef-
fective in demonstrating differences in bone forma-
tion, as linear light vibrates in all planes, while the
polarized light vibrates in only one plane. In a linear
polarizing light microscope, normal light is first
passed through a polarizing filter and then through
the microscope stage onto a similar filter. This filter
is called an analyzer and has a transmission axis that
rotates to form a 90� angle with the polarizer. If no
specimen is present between the polarizer and the an-
alyzer, no light can pass though the cross-polars to the
eye piece. This point is called the angle of extinction.
However, if a birefringence material is placed between
the cross-polars, the light interacts with the molecular
organization of the material. The light undergoes a
phase shift or causes a rotation of the electromagnetic
vector, which vibrates in a plane different from its orig-
inal polarization.24 The material then becomes visible

at the eyepiece. Circularly polarized light microscopy
does not produce the characteristic extinction angle
points but, instead, illuminates all of the fibers nearly
equally, regardless of their orientation. The lack of di-
rectional specificity in illuminating collagen fibers
makes circularly polarized light an ideal image pro-
cessing technique that can be used to quantify the
collagen’s fiber content and the fiber orientation.24

Determining the orientation of the collagen fibers was
important for this study because it enabled evaluation
of the quality of osseointegration and bone remodel-
ing on immediately loaded and non-loaded implants.

The aim of this study was to analyze the course of
osseointegration for immediately loaded implants
in the posterior arch of the mandible and maxilla in
minipigs. The implants used had a grit-blasted and
high-temperature etched surface. The implant design
allowed a condensation effect through standardized un-
dersized implant side preparation in trabecular bone.

MATERIALS AND METHODS

The study protocol was approved by the Institutional
Animal Care Committee of the Military Hospital Gen-
eral Gomez-Roman, Madrid, Spain. Seven adult male
Göttingen minipigs (18 to 21 months old; average
weight, 35 kg) were given general anesthesia, which
was maintained by halothane 2% in an oxygen/nitrous
oxide mixture (1:1).§ To secure normal blood gases,
the animals were artificially ventilated with a minute
volume of 150 ml/kg body weight/minute. Once the
animals were anesthetized, an impression of the den-
tition, which had to be extracted, was taken. Vacuum-
formed templates were created for the later surgical
and prosthetic procedure. The premolars and molars
in the mandible and maxilla were then extracted. For
five animals, extractions were performed only on the
contralateral side, and a natural dentition provided
the implant load. Two animals received extraction in
all quadrants, and implant-borne bridges constituted
the loading.

Three months after tooth extraction, implant place-
ment and immediate prosthetic reconstruction were
performed in sterile conditions while the minipigs
were under general anesthesia. An antibiotic, benzyl-
penicillin/dihydrostreptomycin,i was administered
subcutaneously at 0.5 ml/kg body weight every
48 hours for 7 days. An analgesic, buprenorphine,¶

was injected intramuscularly at 0.05 mg/kg body
weight every 12 hours for 3 days. The mucosa was
rinsed with 0.2% chlorhexidine gluconate.# After a
crestal incision, a mucoperiosteal flap was raised.
The implant sites were sequentially enlarged to 3.8 mm

§ Linde, Höllriegelskreuth, Germany.
i Tardomycel, BayerVital, Leverkusen, Germany.
¶ Temgesic, Boehringer, Mannheim, Germany.
# Doreperol N, Dr. Rentschler Arzneimittel, Laupheim, Germany.
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in diameter with pilot and spiral drills according to the
standard protocol of the manufacturer.** The bone
quality was determined during the initial prepara-
tion.25 The crestal preparation was performed in cor-
tical bone (Classes 1 and 2) up to a depth of 5 mm. In
spongy areas, crestal preparation reached a depth of
2 mm in bone density Class 4 and 4 mm in bone den-
sity Class 3. To avoid crestal bone resorption even in
spongy bone, a short crestal preparation was per-
formed so that the internal condensation effect with
higher crestal bone resorption was not overempha-
sized. In weaker bone sites, a systematic undersized
preparation was performed to achieve a higher me-
chanical stabilization. Between four and six implants
were inserted in each surgical side. The implants used
were cylindrical, self-tapping, and screw shaped.††

The implants were 3.8 mm in diameter and 11 mm
in length and processed.‡‡ A total of 85 implants were
placed. Each implant was placed,§§ and the required
insertion torque was documented as the implant in-
sertion torque (IIT) (Fig. 1). The control implants were
placed in the anterior, remained unloaded, and were
submerged. Due to the predicted course of healing
of the submerged implants, only one control implant
was placed per surgical side. The wound was closed
with bioabsorbable suturesii (Fig. 2). At the end of sur-
gery, fiber-reinforced bridges were placed on four to
five distal implants. The prefabricated temporary
abutment caps¶¶ were positioned on the temporary
abutments (Fig. 3). Fiber-reinforced strips## were

used to connect the temporary abutment caps. The
vacuum-formed templates were filled with temporary
acrylic*** and positioned over the temporary abut-
ment caps. Saline irrigation was used to cool the resin
during the polymerization period. Subsequently, the
superstructure was removed and contoured. The in-
terproximal spaces were created at least 2 mm wide
to prevent pressure on the mucosa during postopera-
tive swelling. The bridges were installed with zinc-
phosphate cement††† (Fig. 4). Intraoral adjustments
were performed to eliminate any direct occlusal con-
tact. A follow-up examination was carried out 1 and
2 months after surgery. The minipigs were sedated
to check if the provisional restorations were still in
service or had been lost. Starting on the 14th post-
operative day, polychromatic intravital fluorescence

Figure 1.
Placement of cylindrical implant in maxilla.

Figure 2.
Situation after placement of four implants prior to prosthetic
rehabilitation.

Figure 3.
Splinting of implants with caps and strips.

** Friadent, Mannheim, Germany.
†† XiVE, Friadent.
‡‡ Friadent plus surface, Friadent.
§§ FRIOS Unit S, Friadent.
ii Vicryl 2-0, Ethicon, Norderstedt, Germany.
¶¶ Palavit G, Heraeus Kulzer, Wehrheim, Germany.
## FibreKor, Jeneric/Pentron, Wallingford, CT.
*** Protemp Garant, ESPE Dental, Seefeld, Germany.
††† Harvard Cement, Richter & Hoffmann Dental-Gesellschaft, Berlin,

Germany.
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labeling wasperformed. The sequential administrations
of fluorescent dyes allowed us to follow the direction
and the topographic localization ofnewbone formation.
The fluorescent dyes were incorporated into the miner-
alization matrix through chelation.26

The fluorescent bone markers used in the study
were oxytetracycline‡‡‡ (15 mg/kg body weight),
alizarine-complexon§§§ (30 mg/kg body weight),
and xylenol orangeiii (90 mg/kg body weight). Each
marker was administered via intramuscular injections
of the fluorescent dyes in 2% NaHCO3 solution. At
the end of the 4-month healing period, the minipigs
were sacrificed by means of induced cardiac arrest
via intravenous injection of a 20% solution of
pentobarbital.¶¶¶ The 4-month healing period was
chosen to allow time for complete osseointegration
of the implants. After this time, first signs of remod-
eling were expected. The implants were removed
together with the surrounding bone and fixed in
Schaffer’s solution (two parts 96% ethanol and one
part 37% formaldehyde) for 24 hours. The specimens
were dehydrated in a graded series of ethanol and then
embedded in methylmethacrylate.### The samples
were cut parallel to the longitudinal axis of the implant
in an orovestibular direction. Via the sawing and
grinding technique,26 the samples were ground to a
thickness of 100 mm.****

Histomorphometry was performed using a light mi-
croscope†††† in transmission light at a magnification
of 10-fold. The microscope was connected to a high-
resolution video camera‡‡‡‡ and interfaced to a moni-
tor and personal computer.§§§§ This optical system
also used a digitizing padiiii and a histomorphometry
software package¶¶¶¶ with image capturing capabili-
ties. To measure the differences in collagen fiber orien-
tation, two central sections from 10 randomly selected
loaded implants (five in the mandible and five in the
maxilla) and 10 randomly chosen unloaded implants
(five in the mandible and five in the maxilla) were

taken. Sections were ground to a final thickness of
100 – 5 mm (mean – SD). The sections were mounted
on glass slides and observed under CPL at magnifica-
tion ·50 using an optical microscope. The areas of
analyses were standardized for all specimens. This
was accomplished through the use of a mirror image
technique that generated and superimposed a grid of
350,000 square pixels onto the bone adjacent to each
side of the implant’s section. CPL was generated by
combining a quarter-wave retarder and two polarizing
filters. One circular polarizing filter was placed beneath
the glass and directly below the specimen. The other
filter was positioned above the specimen on the supe-
rior end of the objective. Concurrently, a quarter-wave
retarder was placed just below the analyzer. In contrast
to plane polarized light, CPL microscopy does not
produce characteristic extinction points but, rather, il-
luminates all fibers nearly equally, regardless of their
orientation. To view the collagen fiber orientation, dif-
ferent levels of resolution were needed. These levels
were achieved by rotating the analyzer at -5� and the
quarter-wave retarder at +5� and vice versa for each
image that was evaluated.

Eight images were evaluated for each specimen
(two for each side of the section). All 320 digitized
images for analysis were stored in TIFF format with
N · M = 768 · 1,024 grid of pixels for a 24 bit. Each
image was calibrated using the Pythagorean theorem
for distance calibration, which reports the number of
pixels between two selected points. The interthread’s
distance of 0.85 mm (tip to tip) was used, and a scale
of 760.81 pixels/mm was used for calculating the cal-
ibration. Linear remapping of the pixel values was
used to calibrate the intensity of images. All images
were converted in gray scale at eight bits. Each pixel
(specific cell in the grid) was assigned a value between
0 and 255 (0 = black; 255 = white). Image analysis
software was used to quantify the birefringence; the
black and white represented longitudinal and trans-
verse collagen fibers, expressed by semiquantitative
digital densitometry. The extension of the area rela-
tive to collagen fiber orientation was expressed in
square pixels.

Statistical analyses were performed by a computer
program.#### To determine the stability of the im-
plants within one bridge, the average bridge insertion

Figure 4.
Finalized bridge.

‡‡‡ Fluka, Buchs, Switzerland.
§§§ Fluka.
iii RdH Laborchemikalien, Seelze, Germany.
¶¶¶ Narcoren, Merial, Hallbergmoos, Germany.
### Technovit 7200, Heraeus Kulzer.
**** Exakt Apparatebau, Norderstedt, Germany.
†††† Laborlux S, Leitz, Wetzlar, Germany.
‡‡‡‡ 3CCD, JVC KY-F55B JVC, Yokohama, Japan.
§§§§ Intel Pentium III 1200 MMX, Intel, Santa Clara, CA.
iiii Matrix Vision, GmbH, Oppenweiler, Germany.
¶¶¶¶ Image-Pro Plus 4.5, Media Cybernetics; Immagini & Computer,

Milan, Italy.
#### SPSS for Windows 11.0, SPSS, Chicago, IL.
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torque (BIT) was calculated and assigned to each
implant. This number represented the sum of all inser-
tion torques used for the implants in one bridge, di-
vided by the number of implants in that bridge.
Tukey box plots for visualizing the insertion torques
were generated. Multivariate discriminant analysis
was used to determine which variables contribute to
implant success.

RESULTS

The method of preparation used for each receptor
site was determined based on bone quality. Crestal
drills were used in the mandible and bone condens-
ing instruments in the maxilla, and 94.5% of all loaded
implants (N = 69/73) were placed with an IIT >25
Ncm. The mean IIT was 33.46 – 11.59 Ncm in the
maxilla and 48.48 – 11.24 Ncm in the mandible; the
difference was statistically significant (t test; P <0.000).
The mean value of the BIT was evaluated. The mean
BIT was 34.21 – 7.22 Ncm in the maxilla and 48.49 –
5.92 Ncm in the mandible. This difference was statis-
tically significant (t test; P <0.000). The details for the
subgroups of loaded and unloaded implants are
shown in Table 1. The box plot for the torque values
(Fig. 5) showed a high variation of IIT and a lower
BIT in the maxilla than in the mandible. The box plot
(Fig. 6) for torque and success for the loaded implants
showed that the failing implants (N = 27) had a lower
BIT than the successful implants (N = 46).

The cross-table for BIT and implant success (Table
2) shows that the bridges were stable, and the im-
plants obtained osseointegration if the BIT was >35
Ncm. The cross-table for BIT and jaw (Table 3) shows
that the bridges in the maxilla mainly had a BIT <35
Ncm. In the maxilla, 25 of 34 implants failed. In the
mandible, two of 39 implants failed. These two im-
plants were still in place at implant retrieval. The ap-
plied insertion torque was very high in dense bone. A multivariate discriminant analysis for BIT, jaw,

and IIT was performed to determine which variables
contributed to implant success. Common correlation
within the groups of the discriminated variables
and the standardized discriminant function variable
showed the highest correlation for BIT with 0.920,
for jaw with 0.731, and for IIT with 0.472.

Under CPL, transverse collagen fibers, which lie in
the plane of the section, appeared in yellow/orange,
while longitudinal collagen fibers running perpendic-
ular to the plane of the section appeared as a white/
gray shade (Figs. 7 and 8). The area covered by trans-
verse collagen fibers in the loaded implants was
112,453 – 4,605 pixels (mean –SD).2 In the unloaded
implants, transverse collagen fibers covered an area
of only 87,256 – 2,428 pixels (mean – SD).2 A signif-
icant difference in the amount of transversal fibers
in loaded and unloaded implants could be found
(P <0.05) (Table 4). In loaded implants, transverse

Figure 5.
Box plot for insertion torque versus corresponding jaw (O = outlier
values; * = extreme value).

Figure 6.
Box plot for insertion torque versus implant survival (O = outlier
values; * = extreme value).

Table 1.

Torque Values for Loaded and
Unloaded Implants

Prosthetic Loading

Implant

Survival N Mean SD SE

Loaded

BIT

Success 46 47.61 6.398 1.943

Failure 27 32.01 5.466 1.052

IIT

Success 46 47.50 12.191 1.797

Failure 27 32.04 10.942 2.106

Unloaded IIT

Success 9 42.22 11.756 3.919

Failure 3 35.00 15.000 8.660
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fibers were mainly associated with compression
zones. These zones were primarily detected at the in-
ferior part of the threads or the area of internal conden-
sation between the crestal and apical thread. In the
unloaded implants, transverse collagen fibers were
randomly distributed in the peri-implant bone.

Due to the fact that implants with a 1.5-mm polished
collar were used in the immediately loaded group,
no bone-to-implant contact was found on the loaded
implants. On the submerged implants, the bone-
to-implant contact was higher on the smooth surface
in comparison to the loaded implants.

DISCUSSION

Longitudinal studies1,2,4,5 and recent reports21,22,27-30

have confirmed that immediate loading is a safe and
effective protocol for the anterior mandible. A main
prerequisite for successful immediate loading is to
avoid micromovements >100 mm.6 The reported op-
timal insertion torques range from 40 to 72 Ncm31-34

and apply to both multiple units and single crowns. In-
ternal condensation methods have also been used to
improve primary stability. In the maxilla, bone con-
densing has further been used to improve bone length

and volume in the sinus area.9,35 When performing
bone condensation in the maxilla, BIT values ranged
between 28 and 49 Ncm. In the mandible, the BIT
values were between 37 and >50 Ncm. This implies
that high insertion torque values are not always nec-
essary for achieving osseointegration of immediately
loaded implants.

In the present study, bridges with a BIT <35 Ncm
failed, while bridges withBIT>35 Ncm were successful.
Control implants in the mandible were completely os-
seointegrated. The multivariate discriminant analysis
demonstrated that the BIT has more influence on im-
plant success than IIT or jaw location. The present
study has demonstrated that the average insertion
torque of implants within a bridge functions as a pa-
rameter for predicting implant stability. This suggests
that stabilization of a superstructure can enable
even less stable implants to achieve osseointegration.
High primary stability can also be achieved in the
maxilla through application of bone condensing
techniques9,11,36,37 or implant cavity undersizing
methods.8 A high insertion torque can also lead to high
resorption12 and a loss of implants like that found in this
study with the two failures in the mandible.

Table 2.

Cross-Table for BIT and Implant Survival

Implant Survival
Total Number

of ImplantsBIT (Ncm) Success Failure

28 3 3

29 4 4

30 3 3

31 6 6

32 6 6

33 3 3

35 3 3

37 3 3

40 5 5

46 6 6

49 6 6

50 13 2 15

54 6 6

58 4 4

Total 46 27 73

Table 3.

Cross-Table for BIT and Jaw

Jaw

BIT (Ncm) Maxilla Mandible Total

28 3 3

29 4 4

30 3 3

31 6 6

32 6 6

33 3 3

35 3 3

37 3 3

40 5 5

46 6 6

49 6 6

50 15 15

54 6 6

58 4 4

Total 34 39 73
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The course of osseointegration has been de-
scribed for microstructured surfaces by Davies.19

Microstructured implant surfaces improved initial
bone healing by stabilizing the fibrin clot network.
Microstructured surfaces have shown a higher suc-
cess rate when compared to smooth or machined sur-

faces. Findings supporting these statements were
derived from both clinical and in vitro studies.38,39

Various surfaces have been tested for characteristics
to improve the proliferation and differentiation of os-
teoblasts. Large-grit-blasted and high-temperature
etched and SLA surfaces have shown the highest
numbers of cells with total spreading at stage 4.40 In
terms of bone formation, the advantage of the large-
grit-blasted and high-temperature etched surface in
comparison to the TPS-coated implant was demon-
strated in a study of periodontally infected sites for
immediate implant placement. The large-grit-blasted
and high-temperature etched surface showed more
homogeneous bone formation in comparison to the
TPS-coated implants.41 A comparison study of four
different implant designs with various surfaces with
immediately loaded implants showed homogeneous
results for the large-grit-blasted and high-temperature
etched surface.42

The quality of osseointegration is also an important
factor to consider. The quantity and orientation of
the collagen fibers surrounding the implant can serve
as a reliable measure of osseointegration quality.
Recent literature has further reported the use of bire-
fringence interpretation patterns for measuring and
characterizing osseointegration. Black et al.43,44

demonstrated that the birefringence pattern changes
along the length of an osteon. However, opposing
studies have questioned the fundamental interpreta-
tion of the birefringence pattern in bone. Investigators
have also questioned the Gebhardt model,45 which
suggests that collagen fibers alternate between the
longitudinal and transversal orientation in successive
lamellae. Giraud-Guille46 demonstrated that collagen
fibrils could be distributed across certain bone lamel-
lae in the form of a superimposed series of nested
areas with variable angles.

Other researchers believe that lamellar structure is
derived from variability in composition or density and
not from collagen fiber orientation.47 The classification
of the osteons could depend on the orientation of the
collagen fibers.24 The goal of the present article was

Figure 7.
CPL of loaded implant with zone of transversal collagen fiber in
yellow/orange (A), mathematical separation of the measured area
(B), and threshold of image for calculation of corresponding pixels
(C). (Magnification ·50; bar in A = 0.25 mm.)

Figure 8.
CPL of unloaded implant with zone of transversal collagen fiber in
yellow/orange (A), mathematical separation of the measured area
(B), and threshold of image for calculation of corresponding pixels
(C). (Magnification ·50; bar in A = 0.25 mm.)

Table 4.

Statistical Evaluation for Transverse
Collagen Fiber Area in Peri-Implant Bone

Groups

Transverse Collagen Fibers

(square pixel; mean – SD)

Loaded (N = 160) 112,453 – 4,605*

Unloaded (N = 160) 87,256 – 2,428*

P value <0.001

* Significantly different between loaded and unloaded groups (unpaired
t test; P <0.05).
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not to argue these issues but simply to present relating
datathatwereobtainedusingthebirefringencemethod.

Numerous studies have reported that bone loss
around implants is greatest during healing and the first
year of function,48-50 regardless of implant design.
Factors causing bone loss vary among surgical
trauma, occlusal overload, biologic width,51 and inad-
equate stress at the implant–bone interface.52-54 By
directly observing the microstructure of peri-implant
bone, the present study has indicated inadequate
bone as a causal factor for bone loss. The implant pro-
file, at both microscopic and macroscopic levels, is
the main distributor of stress to the bone. Strain is con-
centrated at the point where bone contacts the top ra-
dius of the thread. Vaillancourt et al.53 reported an
upper limit of the disuse range at 1.6 Mpa. According
to the e = s/E relation, that corresponds to a micro-
strain of 137me/360medepending on the bone’s mod-
ulus of elasticity chosen. According to Frost,55 1,500
to 2,500 me is the range of ‘‘minimum effective strain
for mechanically controlled bone remodeling,’’ and a
strain of 4,000 me will inhibit the bony structure from
adapting or repairing itself. Therefore, a creep phe-
nomena and fatigue flaw will evolve.56

The present study found that appropriate primary
stability and limited micromovement of immediately
loaded implants could be achieved in the posterior
arch. The self-tapping screw implants used in this
study osseointegrated and showed a high degree of
remodeling under immediate loading conditions. Past
studies have documented that immediate loading can
only be achieved in the anterior mandible. However,
because these studies limited their focus to certain
jaw locations and maintained primary stability only
in good bone quality, the full scope of areas suitable
for immediate loading cannot be confirmed. A key sig-
nificant finding of the present study was that mechan-
ical loading throughout the course of osseointegration
led to earlier formation and increased quantity of
transversely oriented collagen fibrils.
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