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ABSTRACT 
 

Aim: To compare the amount of bone loss (if any) at the mesial and distal sides in delayed and 
immediate loaded dental implants. 
Study Design: Total 20 partially edentulous (anterior region of Maxilla) patients were randomized 
and equally divided into two groups. Group A received delayed loaded dental implants and group B 
received immediate loaded dental implants. Both the groups were monitored clinically and 
radiographically at 3, 6, 12 and 18 months. 
Methodology: We included 20 patients (11 men, 09 women; age range 20-48 years) with single or 
multiple edentulous areas in mouth. Clinical as well as all routine hematological examinations were 
done. Radiographs were taken sequentially as required for 18 months. 
Results: There was no significant statistical difference of bone loss mesially in both the groups at 
3 (P=0.99) & 6 (P=0.25) months, but there was significant statistical difference of bone loss 
mesially seen in both the groups at 12 (P=0.03) & 18 (P=0.01) months. There was no significant 
statistical difference of distal bone loss in both the groups at 3 (P=0.22), 6 (P=0.38) and 12 
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(P=0.17) months, but there were significant statistical difference of distal bone loss seen in both the 
groups at 18 months (P=0.03). The bone loss was found more with the immediate loading type of 
implants at both mesial and distal sides of implant. 
Conclusion: The immediate loading implants may provide a lot of benefits over conventional 
delayed loading implants but the bone loss at Crestal (Marginal) level is higher as compared to 
delayed loading implants when seen in maxillary anterior impants which should be considered 
whenever selecting any particular method of dental implantation. 
 

 
Keywords: Dental implants; delayed loading; immediate loading; bone loss. 
 

1. INTRODUCTION  
 
Dental implants have, in many cases, become 
the treatment of choice for restoring missing 
teeth and have been documented to have a high 
degree of success. With implant therapy, the 
preparation of healthy teeth adjacent to the 
edentulous area can be avoided. An additional 
advantage to the implant restoration is the 
maintenance of the alveolar bone, which 
otherwise would undergo residual ridge 
resorption with most of the other restorative 
options complicating aesthetics. 
 
The protocol established by Branemark stated a 
two stage surgical procedure in which implant 
was submerged during first surgical stage, 
maintaining a stress free period allowing it to 
heal and encouraging a direct bone-implant 
interface. The implant placed in that unloaded 
environment was kept for a minimum of 3 months 
in cases of mandible and 6 months in maxilla [1]. 
This was followed by second stage surgical 
procedure in which prosthetic abutment was 
connected. However this maneuver had some 
shortcomings like microgap between implant and 
abutment which eventually resulted in crestal 
bone loss and long extended edentulous period. 
The result of advances in research on implant 
design, materials, advanced imaging techniques 
(cone beam computed tomography scan) and 
novel loading protocols made it possible to 
shorten the treatment period and to avoid an 
edentulous condition encouraged the introduction 
of an immediate implant loading. In 1979 
Ledermann revolutionized era of implant 
dentistry with successful immediate loading 
implants, in which implant is placed followed by 
prosthetic abutment connection and 
temporization in a single appointment [2]. This 
technique eliminated chances of microgap 
between implant and abutment which ruled out 
possibility of peri-implant bone loss as seen in 
delayed implant loading because one of the 
prerequisites for the successful placement of an 
implant is the presence of adequate bone 

volume. Tarnow et al. [3] stated that a 
submerged implant, following the delivery of the 
prosthesis, will create circumferential or 
horizontal bone resorption of 1.3 to 1.4 mm. 
Grunder et al. [4] also stated that at least 2 mm 
of lateral alveolar bone must be present beyond 
the body of the implant to compensate for the 
effects of bone remodelling. If this amount of 
bone is not present, part or all of the facial or 
buccal bone plate will be lost after remodelling, 
with the subsequent risk of soft-tissue recession.  
 
For the success in implant dentistry, we should 
ideally evaluate primary outcome of an implant-
prosthetic complex as a whole. This can be 
achieved by evaluating success at the implant 
level, peri-implant soft tissue, prosthesis and 
level of patient’s satisfaction. The most important 
factor for the success of any implant is the bony 
coverage around it and any loss in that would be 
detrimental to implant’s health in long term [5]. 
The present study is done to evaluate the crestal 
bone loss at the mesial and distal side of implant 
in both delayed and immediate loading implants 
to assess which system has the least bone loss 
for a period of consecutive 18 months. 
 

2. MATERIALS AND METHODS 
 
2.1 Study Design 
 
A total of 20 cases were selected for the study. 
The patients were randomly divided in two 
groups of 10 each. First Group (A) was planned 
for delayed implant loading & second Group (B) 
was planned for immediate implant loading. Adin 
Touareg- S(R) internal hex implants were used in 
all patients with varied lengths and diameter as 
required. All the patients were operated upon by 
a single surgeon. 
 

2.1.1 Investigations 
 

1. Routine blood investigations.  
2. Intra oral periapical radiograph (IOPA) & 

Orthopantomograph (OPG).  
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2.1.2 Inclusion criteria 
 

1. Patients with single or multiple edentulous 
areas. 

2.  Anterior Maxilla partially edentulous. 
(Central and/or lateral incisors) 

3. ASA Class I and relatively healthy ASA 
class II patients. 

4. Patients above 16 years of age. 
5. Patients free of periodontal diseases. 
6. Patients having sufficient amount of 

residual alveolar ridge.  
 
2.1.3 Exclusioncriteria 
 

1. Patients unable to give or not willing to 
give informed consent. 

2. ASA class III and class IV Category 
patients. 

3. Patients who were pregnant, lactating or 
having habits of smoking, tobacco & betel 
nut chewing. 

4. Patients on any drug which will 
compromise osseointegration Eg 
Cyclosporine etc. 

 

2.2 Patient Groups 
 
Group A patients were implanted and left 
submerged for a period of 3 months. After three 
months the implant was exposed and connected 
to abutment leading to final prosthesis. 
 

Group B patients were implanted and were 
immediately at the same sitting connected to 
abutment and temporary crown was placed 
which was later replaced by a permanent crown. 
 

All the patients in both groups received Porcelain 
fused metal crowns as their final prosthesis 
which were indigenously made in the ceramic lab 
of same hospital. As anatomic abutments with 
pre-formed shoulders margins were used, 
therefore no problem was encountered while 
seating of final prosthesis. 
 

2.3 Statistical Analysis 
 

 Statistical analysis was carried out using 
SPSS v 16.0 statistical software. 

 Mann-whitney U test was used to compare 
bone loss between study & experimental 
groups at 3, 6, 12 & 18 months.  

 Repeated measures ANOVA with post-hoc 
boneferroni test was used for within group 
comparison of mean scores of bone loss at 
3, 6, 12 & 18 months in both the groups. 

 

2.4 Radiographic Analysis 

 
Standardized intraoral radiographs were 
obtained using Intra oral sensor and position 
holding devices to eliminate manual errors of 
positioning at intervals of 3, 6, 12 and 18 months. 
The length of implant was measured on digital 
radiographs from the implant-abutment interface 
to the apex of implant. Next, the distance 
between the observed crestal bone level and the 
implant-abutment interface was measured at the 
mesial and distal implant surfaces. The actual 
implant length was known based on 
manufacturing standards. To adjust the 
measurements for magnification error the 
following equation was used to determine the 
corrected crestal bone levels. 

 

Actual bone loss was calculated by formula: 

 

Corrected crestal bone level = [(measured 
bone level) x (actual implant length 
/measured implant length)] [6]

 

 

3. RESULTS AND DISCUSSION 

 
Comparisons of mean scores of mesial bone loss 
in both groups by Mann-whitney u test. All 
lengths in Millimetre (mm). 

 

Mean scores of bone loss mesially in Group A 
was -1.01 (SD=0.33) at 3 months, -0.70 
(SD=0.41) at 6 months, -0.40 (SD=31) 12 
months and -0.11 (SD=0.18).  

 

For Group B it was -1.01 (SD=0.50) at 3 months, 
-0.85 (SD=0.26) at 6 months, -0.67 (SD=0.28) at 
12 months and -0.31 (SD=0.19) at 18 months.  

 

There was no significant statistical difference of 
bone loss mesially in both the groups at 3 
(p=0.99) & 6 (p=0.25) months, but there was 
significant statistical difference of bone loss 
mesially seen in both the groups at 12 (p=0.03) & 
18 (p=0.01) months as shown in Table 1. 

 
Comparisons of mean scores of distal bone loss 
in both groups by Mann-whitney u test. 

 

Mean scores of bone loss distally in Group A was 
-0.87 (SD=0.45) at 3 months, -0.65 (SD=0.39) at 
6 months, -0.45 (SD=31) 12 months and -0.03 
(SD=0.08) 18 months.  
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Table 1. Bone loss mesially 
 

 Delayed [Mean (SD)] Immediate [Mean (SD)] p* value Significant 
BLM at 3 months -1.01 (0.33) -1.01 (0.50) 0.99 No 
BLM at 6 months -0.70 (0.41) -0.85 (0.26) 0.25 No 
BLM at 12 months -0.40 (0.31) -0.67 (0.28) 0.03 Yes 
BLM at 18 months -0.11 (0.18) -0.31 (0.19) 0.01 Yes 

* - Mann-whitney u test 
 
For Group B it was -0.62 (SD=0.57) at 3 months, 
-0.50 (SD=0.45) at 6 months, -0.28 (SD=0.30) at 
12 months and -0.18 (SD=0.22) at 18 months.  
 

There was no significant statistical difference of 
distal bone loss in both the groups at 3 (p=0.22), 
6 (p=0.38) and 12 (p=0.17) months, but there 
were significant statistical difference of distal 
bone loss seen in both the groups at 18 months 
(p=0.03) as shown in Table 2. 
 
Effect of time on bone loss on mesial side in both 
groups by repeated measures ANOVA summary 
shows statistically significant difference in Group 
A p >0.001 and in Group B p >0.01 (Table 3). 
 
Effect of time on mesial bone loss in Group A 
 
There was no significant statistical difference 
seen in Group A at 3 months (mean 1= -1.01) vs.  
6 months (mean 2= -0.70) p value =0.23. But 
there was  significant statistical  difference seen 
in 3  months (mean 1= -1.01) vs. 12 months 
(mean 2 = -0.40) p value <0.01, in 3  months 
(mean 1= -1.01) vs. 18 months (mean 2 = -0.11) 
p value <0.001, in 6  months (mean 1= -0.70) vs. 
12 months (mean 2 = -0.40) p value <0.01, in 6 
months (mean 1= -0.70) vs. 18 months (mean 2 
= -0.11) p value <0.01 & in 12  months (mean 1= 
-0.40) vs. 18 months (mean 2 = -0.11) p value 
<0.05 as shown in Table 4. 
 

Effect of time on mesial bone loss in Group B 
 

There was no significant statistical  difference 
seen in Group B at 3  months (mean 1= -1.01) vs  
6 months (mean 2= -0.85) p value =1 &  at 3  
months (mean 1= -1.01) vs  12 months (mean 2= 
-0.67) p value =0.12. But there was  significant 
statistical  difference seen in 3  months (mean 1= 
-1.01) vs. 18 months (mean 2 = -0.31) p value 
<0.05, in 6  months (mean 1= -0.85) vs.12 
months (mean 2 = -0.67) p value <0.01, in 6  
months (mean 1= -0.85) vs. 18 months (mean 2 
= -0.31) p value <0.001, in 12 months (mean 1= -
0.67) vs. 18 months (mean 2 = -0.31) p value 
<0.01 as shown in Table 5. 
 

Effect of time on bone loss on distal side in both 
groups by repeated measures ANOVA summary 

shows statistically significant difference in Group 
A p >0.001 and in Group B p >0.01 (Table 6). 
 

Effect of time on distal bone loss in Group A 
 

There was no significant statistical  difference 
seen in Group A at 3  months (mean 1= -0.87) vs  
6 months (mean 2= -0.65) p value =0.15 &  at 6  
months (mean 1= -0.65) vs  12 months (mean 2= 
-0.45) p value =0.37. But there was significant 
statistical  difference seen in 3  months (mean 1= 
-0.87) vs. 12 months (mean 2 = -0.45) p value 
<0.05, in 3 months (mean 1= -0.87) vs. 18 
months (mean 2 = -0.03) p value <0.01, in 6  
months (mean 1= -0.65) vs. 18 months (mean 2 
= -0.03) p value <0.01, in 12 months (mean 1= -
0.45) vs. 18 months (mean 2 = -0031) p value 
<0.01as shown in Table 7. 
 

Effect of time on distal bone loss in Group B 
 

But there was  no significant statistical  difference 
seen in Group B in 3  months (mean 1= -0.65) 
vs.6 months (mean 2 = -0.50) p value <0.11, in 3  
months (mean 1= -0.65) vs.12 months (mean 2 = 
-0.28) p value <0.06, in 6  months (mean 1= -
0.50) vs. 12 months (mean 2 = -0.40) p value 
<0.08, in 12 months (mean 1= -0.28) vs. 18 
months (mean 2 = -0.18) p value <0.18. There 
was  significant statistical  difference seen in 
group B at 3  months (mean 1= -0.65) vs  18 
months (mean 2= -0.18) p value =0.05 &  at 6  
months (mean 1= -0.50) vs  18 months (mean 2= 
-0.18) p value =0.05 as shown in Table 8. 
 

In our study mesial bone loss in delayed loading 
group was -1.22 to 0.00 and distal bone loss was 
-1.15 to -0.02 at the end of 18 months (95% 
Confidence interval). 
 

In our study mesial bone loss in immediate 
loading group was -1.34 to -0.02 and distal bone 
loss was -0.91 to -0.02 at the end of 18 months 
(95% Confidence interval). 
 

3.1 Discussion 
 
The placement of implant has evolved using two 
surgical approaches. The submerged (two stage) 
and non submerged approaches (one stage). 
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Table 2. Bone loss distally 
 

 Delayed [Mean(SD)] Immediate [Mean(SD)] p
*
 value Significant 

BLD at 3 months -0.87 (0.45) -0.62 (0.57) 0.22 No 
BLD at 6 months -0.65 (0.39) -0.50 (0.45) 0.38 No 
BLD at 12 months -0.45 (0.31) -0.28 (0.30) 0.17 No 
BLD at 18 months -0.03 (0.08) -0.18 (0.22) 0.03 Yes 

* - Mann-whitney u test 
 

Table 3. Effect of time on bone loss on mesial side 
 

Repeated measures  ANOVA summary Delayed  Immediate  
P value < 0.001 < 0.01 
Statistically significant (P < 0.05)? Yes Yes 

 
Table 4. Group A Mesial Bone loss comparison 

 

Test details Mean 1 Mean 2 P value Significant? 

3 month vs. 6 months -1.01 -0.70 0.23 No 
3 month vs. 12 months -1.01 -0.40 < 0.01 Yes 
3 month vs.18  months -1.01 -0.11 < 0.001 Yes 
6 months vs. 12 month -0.70 -0.40 < 0.01 Yes 
6 months vs. 18 months -0.70 -0.11 < 0.01 Yes 
12 month vs. 18 month -0.40 -0.11 < 0.05 Yes 
 

Table 5. Group B Mesial Bone loss comparison 
 

Test details Mean 1 Mean 2 P value Significant? 

3 month vs. 6 months -1.01 -0.85 1 No 
3 month vs. 12 months -1.01 -0.67 0.12 No 
3 month vs.18  months -1.01 -0.31 < 0.05 Yes 
6 months vs. 12 month -0.85 -0.67 < 0.01 Yes 
6 months vs. 18 months -0.85 -0.31 < 0.001 Yes 
12 month vs. 18 month -0.67 -0.31 < 0.01 Yes 
 

Table 6. Effect of time on bone loss on distal side 
 

Repeated measures ANOVA summary Delayed  Immediate  
P value < 0.001 < 0.01 
Statistically significant (P < 0.05)? Yes Yes 

 
Table 7. Group A Distal bone loss comparison 

 

Test details Mean 1 Mean 2 P value Significant? 

3 month vs. 6 months -0.87 -0.65 0.15 No 
3 month vs. 12 months -0.87 -0.45 < 0.05 Yes 
3 month vs.18  months -0.87 -0.03 < 0.01 Yes 
6 months vs. 12 month -0.65 -0.45 0.37 No 
6 months vs. 18 months -0.65 -0.03 < 0.01 Yes 
12 month vs. 18 month -0.45 -0.03 < 0.01 Yes 
 

Table 8. Group B Distal bone loss comparison 
 

Test details Mean 1 Mean 2 P value Significant? 

3 month vs. 6 months -0.65 -0.50 0.11 No 
3 month vs. 12 months -0.65 -0.28 0.06 No 
3 month vs.18  months -0.65 -0.18 < 0.05 Yes 
6 months vs. 12 month -0.50 -0.40 0.08 No 
6 months vs. 18 months -0.50 -0.18 < 0.05 Yes 
12 month vs. 18 month -0.28 -0.18 0.18 No 
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The patients demands to shorten the treatment 
period and to avoid an edentulous condition 
encouraged the introduction of non submerging 
of implant i.e immediate loading implant protocol 
[7]. The immediate loading of implants aim at a 
shorter treatment period with a stable and fixed 
long term interim restoration on the day of 
surgery [8]. This treatment option also aims at 
maintenance of the hard and soft tissues and 
reducing the waiting period.[9] In this technique 
abutment is attached at the time of implant 
placement, no microgap exist at or below the 
alveolar crest between the implant and 
restoration. 
 

From several studies it has been proposed that 
marginal bone loss is more extensive around two 
stage implants as compared with one stage 
implants. The microgap between the implant and 
the abutment at the crestal level in two stage 
implants has been suggested to play a prominent 
role in the development of bone loss [10,11]. 
 

In our study, both the groups had randomized 
patients with partially edentulous anterior maxilla 
(central or lateral incisors) with age of edentulism 
being a minimum of 1 year and maximum 2 
years. All patients received same manufacturer’s 
same version of implants, operated by a single 
surgeon. While giving prosthesis to multiple 
edentulous regions the rule followed was “1 
implant 1 crown” so there were individual crowns 
for each implant and no bridges were given. The 
post operative radiological findings were 
monitored using a preset formula and the amount 
of bone loss (in mm.) was recorded using 
EasyDent

(R)
 image management software. On 

comparing both the groups, bone loss mesially 
was not significant at 3 and 6 months but it was 
significant at 12 and 18 months. 
 

When compared bone loss distally for both 
groups, it was significant only at 18 months. 
 

In both the scenarios the significant bone loss 
was seen with immediate loading implants. 
Though the immediate loading implants have 
been shown to be highly successful, [12,13] but 
in our study it was found that submerged or 
delayed loading implants are better when the 
crestal bone loss is taken as criteria for the 
success of implants. 
 

4. CONCLUSION 
 
Mesial bone loss – 
 

 The crestal bone loss was near equal or 
statistically insignificant in both the groups 

for first 3 and 6 months but at 12 and 18 
months it was higher on mesial side of 
implant in the immediate loading group. 

 

Distal Bone loss-  
 

 The crestal bone loss at 3, 6 and 12 
months on the distal side of implant was 
equal but at 18 month it was higher on 
distal side of implant in the immediate 
loading group. 

 
Though the immediate loading implants have 
many proven benefits over the conventional 
delayed loading implants like reduction in 
alveolar ridge resorption and overall treatment 
time, increased patient acceptance, quicker 
return of function, potentially superior soft tissue 
profile and reduced surgical trauma and ease of 
surgery but still the most important factor which 
is responsible for the success of implant 
treatment is circumferential bone around the 
implant. In our study it is proved that more bone 
resorption is evident in immediate loading cases 
observed for a period of 18 months as compared 
to delayed loading implants in terms of maxillary 
anterior implants. 
 
Though a small study, it shows a definitive 
pattern of mesial and distal side of implant bone 
loss which may aid the implant surgeons to 
choose their method of placement and further 
studies relating the same. 
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