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INTRODUCTION 

Long-term clinical evaluation of dental implants 
is crucial for gaining more information about 
causes of implant success and failure. One of the 
most important criteria is the marginal bone level 

around implants.(1) Since bone-anchored prostheses 
are planned to be sustained in the oral environment 
for a lifetime, (2) a pathologic decrease in bone level 
could lead to loss of bone anchorage of the implant, 
and it is important to know what factors contribute 
to bone resorption.
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ABSTRACT

Background: The Target of this study was to evaluate and analyze the changes that occur in 
the supporting structures of implants placed in the posterior mandibular region using the Immediate 
Functional Loading Protocol. The bone height of the four implant surfaces; buccal, lingual, distal 
and mesial were closely observed, measured and statistically analyzed.

Materials and Methods: Thirty implants were placed in ten patients with unmodified 
mandibular Kennedy Class II. For each patient, three implants were placed at the premolar/molar 
mandibular region. All the implants were immediately loaded following an Immediate Functional 
Loading Protocol. Radiographic evaluation using dental CT was carried out at intervals of 0, 12 and 
24 months after implant surgery.

Results: Decrease in the bone level throughout the study period in the bucco-lingual surfaces 
however this decrease was statistically insignificant using paired t test. The same was found 
regarding the mesio-distal surface throughout the study period

Conclusion: Within the limitations of this study, it was found that immediately loaded single 
implants placed in the posterior mandibular area with high insertion torque is a favorable treatment 
option. Immediately loading protocol must be carefully done in patients with limited bucco-lingual 
bone width.
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Controversy exists about several variables 
influencing implant success and especially marginal 
bone loss (MBL). The size of the implants,(3) age 
and gender of patients,(4) and the presence of 
cantilevers(5) as influencing factors are subject of 
debate. 

In the past two decades some of the original pre-
requisites for successful osseointegration are being 
redefined to meet patients’ demands to reduce treat-
ment time and increase comfort. Immediate load-
ing and immediate implantation concepts have been 
proposed to shorten treatment time and to allow the 
patient to quickly recover function and esthetics. (6)

Immediate loading is gaining popularity among 
clinicians, and the outcome of immediately loaded 
dental implants is being investigated more and 
more in clinical trials and animal studies.(7-9) Even 
though the results are sometimes conflicting, there 
is an increasing corpus of evidence to support the 
application of immediate loading.(6) However, most 
of the clinical studies on immediate loading have 
been performed in the totally edentulous maxilla and 
mandible. Few studies have investigated immediate 
loading of implants for single tooth replacement,(10,11) 

and fewer still have examined immediate loading of 
implants placed in fresh extraction sockets.(12,13)

MATERIALS AND METHODS:

Ten patients were selected from the outpatient 
Prosthodontics clinic, Faculty of Oral and Dental 
Medicine, Cairo University and outpatient 
Prosthodontics clinic, Faculty of Dentistry, Ain 
Shams University. Patients were with unmodified 
Class II Kennedy mandibular arch showing normal 
maxillo-mandibular relationship (Class I Angle 
classification), with no parafunctional habits 
and free from any systemic disease. The average 
patients’ age was 40.3 years. The opposing arch 
(maxilla) was completely dentulous either by a 
complete set of natural dentition or restored with 
satisfactory fixed restorations. 

InterActive TM implants (Implant Direct Sybron 
International, CA 91301, USA) were the implants 
utilized in this study. For each patient, three oste-
otomies were prepared to receive 3 implants at 
the premolar/molar mandibular region over which 
3-unit screw-retained fixed/detachable restorations 
were constructed. The insertion torque of the im-
plants was checked by an adjustable torque wrench 
at 30Ncm.  Resonance frequency analysis (Osstell, 
Gothenburg, Sweden) device was used to verify 
that all implants reading were higher than 60 before 
loading. Patients were strictly instructed to follow a 
soft diet protocol for the first month. (fig. 1)

The provisional restorations were delivered 
to the patients 48 hours after surgery using the 
Immediate Functional Loading Protocol. The acrylic 
resin was constructed to be in direct (full) occlusal 
contact with the opposing maxillary teeth where the 
following occlusal protocol was followed:

 Evenly distributed occlusal contacts and force 
(Cusp-fossa/ cusp-embrasure occlusal contacts).

 Wide freedom in centric occlusion (wide groove 
and flat fossa). 

Slight reduction of the cusp inclination espe-
cially the buccal inclines of the mandibular buccal 
cusps was performed to avoid interference in lateral 
excursive movements of the mandible.

Fig. (1) Paralleling rods placed in the three osteotomies showing 
parallelism from a buccal view



IMMEDIATE FUNCTIONAL LOADING EFFECT ON SUPPORTING STRUCTURES (667)

Fig. (3) Bone Height measured at the Buccal and Lingual bone

Fig. (2) Delivery of the final metal ceramic restoration

Fig 4: Bone Height measured at the mesial and distal bone

Six months after surgery, the final metal ceramic 
screw-retained restoration with an occlusal surface 
designed to make full occlusal contact with the 
opposing dentition were delivered to the Patients. 
(Fig 2)

Radiographic Follow-Up

Radiographic assessment was performed using 
dental Computed Tomography (CT) (General elec-
tric© Co., light speed plus 4-multislice CT machine, 
USA) at 0, 12 and 24 months after surgery.  After 
obtaining the images, a computer software program 
(Mimics, Materialise HQ, Technologielaan 15, 
3001 Leuven, Belgium) was used, whereby coronal 
and sagittal reformatting and panoramic views were 
obtained. The crestal bone heights were measured 
at each implant site to obtain 4 readings: mid-distal, 

mid-mesial, mid-buccal and mid-lingual around 
each implant (Figs. 3, 4). The mean values were 
calculated, tabulated and statistically analyzed to 
compare the effect of functional loading on the four 
different surfaces.
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RESULTS

The results comprised the assessment of the hard 
tissue reaction (Bone Height) surrounding the three 
implants placed in the posterior mandibular areas as 
a result of the immediate functional loading protocol 
at 0, 12 and 24 months after implant installation.  

At the end of this study, all implants were 
considered osseointegrated. None of the subjects 
evidenced peri-implantitis, peri-mucositis or clinical 
implant mobility in any direction. No pain was as 
well noted on palpation, percussion or function.

Statistical Methods 

Data management and analysis were performed 
using Statistical Analysis Systems. To measure the 
effect of time and surface (buccal, lingual, mesial 
and distal) using the Immediate functional loading 
protocol on the percentage change of the bone 
height, Paired-t-test was used to evaluate the effect 
of time on the buccuolingual surfaces and on the 
mesio-distal surfaces. Student-t-test was used to 
compare between the bucco-lingual surfaces and 
the mesio-distal surfaces. P-values ≤ 0.05 were 
considered significant.  

The Bone Height 

The mean values (m) and standard deviation 
(S.D) measured in millimeters (mm) of the 
bucco-lingual and mesio-distal bone height in the 
immediate functional loading group at zero, twelve 
and twenty-four months as shown in Table (1&2). 

The previous table shows that there was a 
decrease in the bone level throughout the study 
period in the bucco-lingual surfaces however this 
decrease was statistically insignificant using paired 
t test. The same was found regarding the mesiodistal 
surface throughout the study period.

Table 2 shows the difference in bone loss 
between bucco-lingual surfaces & mesio-distal 
surfaces. The results show greater bone loss in 

the bucco lingual surface than in the mesio-distal 
surface after one year & after two year. However by 
using student -t-test, this difference was statistically 
significant between buccolingual surfaces and 
Mesiodistal surfaces from insertion to one year 
and from insertion to two years. However there are 
statistically non-significant changes from one to 
two year using student t-test.

TABLE (1) Mean, Standard deviation & p-value of 
paired –t-test of the effect of time on the 
bone changes around the buccolingual 
surfaces and the mesiodistal surfaces 

BUCCO 
LINGUAL

At insertion After I year After 2 years
Mean ±SD Mean ±SD Mean ±SD

11.31 0.6 9.8 0.6 9.13 0.64
p-value Versus insertion

1.29 ns 1.007ns
Versus 1 year

4.3 ns
Mesio-
Distal

At insertion After I year After 2 years
Mean ±SD Mean ±SD Mean ±SD
11.28 0.5 10.23 0.4 9.4 0.4

p-value Versus insertion
8.24ns 1.03 ns

Versus 1 year
1.03nsig

TABLE (2) Mean, difference, Standard deviation 
&  the p-value of student –t-test for the 
comparison between the amount of bone  
changes in different intervals between 
bucco-lingual & mesio-distal surfaces.

Buccolingual Mesiodistal
p-value

Mean 
diff

±Sd
Mean 
diff

±Sd

Insertion-1y 1.41 0.58 1.04 0.3 0.004 sig
1y-2y 0.75 0.29 0.8 0.3 0.3ns

Insertion -2 y 2.18 0.6 1.8 0.52 0.04 sig
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DISCUSSION

This study aimed to test the effect of immediate 
loading on crestal bone height around implants as 
maintaining crestal bone around an implant has 
significant relevance. It is the level of crestal bone 
that will influence the position of the marginal soft 
tissue. The absence of postoperative bone resorption 
around the implant collar establishes a critical factor 
in stabilizing the papilla. (14) For inter-implant areas, 
this becomes important to maintain the height of the 
papilla. If the inter-implant bone height is lost, it 
will cause soft tissue changes

Surgical trauma, biologic width, and implant 
microdesign are thought to be the causes of 
crestal bone resorption around the implants; 
however, the precise mechanism is not still clearly 
understood. To achieve stable osseointegration for 
implant restoration, the generation of high-stress 
concentration in bone, which is supposed to be one 
of the causes of the bone loss, should be avoided. (15)

Radiography is important for routine clinical 
practice and in research projects evaluating dental 
implants. In particular, radiographic measurements 
of the marginal alveolar bone level change over 
time have been reported to be important parameters. 
(16) Different methods have been used to assess bone 
height in the implant region, from simply counting 
the number of threads on screw-type implants to 
using a computer based interactive image analysis 
system. Computed tomography of the jaws and the 
teeth are widely used as a simple and fast method 
of evaluating the condition of the bone around 
implants. (17)

It is possible to measure implant stability by 
means of the resonance frequency analysis, but the 
values were not collected in this study because its 
purpose was not to longitudinally assess implant 
stability but to be sure that the implants are stable 
enough to withstand immediate loading protocol

Analysis of the peri-implant bone height revealed 
a reduction in the bone height around the implants 
in all surfaces and throughout all the time periods 
using the immediate functional loading protocol. 

This might be attributed to the fact that the interface 
between the implants and bone begins to remodel 
due to two main causes as reported by Parfitt;(18) 
the surgical trauma and the mechanical loading 
response produced by the immediate delivery of the 
implant prosthesis leading to the inevitable crestal 
bone resorption.

The values of marginal bone loss found in this 
study were consistent with what has been reported 
in other studies on immediate single tooth implants 
in the similar areas. (19&20) 

Marginal bone loss was observed more in the 
bucco-lingual surfaces than mesiodistal one which 
may be due to thinner buccal and lingual plate of 
bone than mesiodistal dimension which may affect 
the bone ability to withstand applied stresses. This 
was in agreement with Goswami (21) who stated that 
crestal bone loss was maximum on the buccal side 
even under delayed loading protocol

This study evaluated survival rates up to 24 
months from implant placement. This follow-up 
period is brief but takes into account the fact that 
implant failure due to mechanical overloading 
occurs early in the healing period. (22)

Esthetic outcome was not objectively measured 
in this study. Soft-tissue contours are a major 
factor for rating treatment success, particularly 
in esthetically delicate areas. We considered peri-
implant marginal bone level as a determining 
factor for the quality of implant survival and thus 
as our primary outcome measure. The level of the 
peri-implant marginal bone has been suggested to 
determine the level of the peri-implant mucosa and 
thus the esthetic outcome. (23&24)

CONCLUSIONS

Within the limitations of this study, it was found that:

1-  Immediately loaded single implants placed in 
the posterior mandibular area with high insertion 
torque is a favorable treatment.

2- Immediately loading protocol must be carefully 
used in patient with limited bucco-lingual width
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