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Abstract

Background: Information about the risk of early loss and crestal bone loss of dental implants which have been
loaded early is scant if compared with data available for those conventionally or immediately loaded. A meta-analy-
sis of early loss and crestal bone loss in immediate or delayed loaded full mandibular denture retaining dental im-
plants has been recently published. It is interesting to evaluate also the risks of early versus immediate and delayed
loading in complete mandibular restorations. The purpose of this systematic review and meta-analysis was to study
early (EL) versus immediate (IL) and delayed loading (DL) protocols in edentulous mandibles to determine whe-
ther differences exist in implant success and crestal bone loss.

Material and Methods: The literature review was conducted in PubMed, Web of Science, and the Cochrane Library.
Seven randomized clinical trials were included.

Results: The result of a meta-analysis of implant loss before 1 year in EL versus IL was 0.34 (95% CI: 0.08, 1.52),
favoring the EL control group, while the outcome for crestal bone loss at the three-year observation was -0.10 (95%
CI: -0.28, 0.09), with a tendency toward reduced bone loss for EL. In the EL versus DL group, the result of the
meta-analysis of implant loss before one year was inconclusive, while in the comparison regarding crestal bone loss
in the first year of observation, the result was -0.03 (95% CI: -0.08,-0.02) with a tendency to less bone loss in EL.
Conclusions: The risk of early implant loss in the IL group was higher than in the EL group. The results in terms
of early implant loss in EL versus DL are inconclusive. Besides, crestal bone loss is greater in immediately and
delayed loaded implants, at 1 and 3 years of observation, compared to those loaded early.

Key words: Dental implants, early dental implant loading, dental prostheses, implant- supported, alveolar bone
loss, meta-analysis.
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Introduction

At the end of the 1970s, there was a paradigm shift in
both complete and partial oral rehabilitation thanks to
the introduction of dental implants, together with the
concept of osseointegration (1). The three options for
the rehabilitation of the edentulous mandible (remo-
vable complete prosthesis, overdenture and fixed pros-
thesis on implants) involve a cost range from the most
economical to the most expensive. This is due to the fact
that implant-borne fixed prostheses require greater pros-
thodontic resources and a greater number of implants. It
is now known that there is no single standard of treat-
ment for the edentulous mandible, as there is evidence
that results in terms of patient’s satisfaction and comfort
depend more on the decision of the properly informed
patient than on the clinical decision of the operator (2).
Furthermore, the period from tooth loss to rehabilitation
with implants is perceived by patients as incapacita-
ting and traumatic. In addition, conventional remova-
ble mandibular prostheses present instability and lack
of retention that compromise the function, aesthetics
(3,4) and, ultimately, the quality of life of the patient (5).
Shortening the loading periods of implants in edentulous
mandibles is beneficial. For this reason, there is a ten-
dency in implantology to reduce treatment times in order
to increase patient satisfaction (4).

In the 1990s it was demonstrated that osseointegration
can be achieved satisfactorily with immediate or early
loading protocols (6,7).

In 2008, at the ITI Consensus Conference, the following
definitions were established for the different loading
protocols (8): a- conventional or delayed loading: the
loading of implants more than two months after their
placement; b- early loading: the loading performed be-
tween 1 week and 2 months after implant placement;
and c- immediate loading: the loading performed within
the first week after implant placement.

The aim of this systematic review was to study early
loading of dental implants and compare it with delayed
loading and immediate loading in edentulous mandibles,
and to establish whether there are differences in implant
success (which is measured by observing failure by the
first year of function and crestal bone loss). This work
arises as a complement to a work previously published
by this same study group in which a comparative study
was carried out in the form of a systematic review with
a meta-analysis of immediate loading versus delayed
loading in edentulous mandibles (9).

Material and Methods
The following Patients, Interventions, Comparison, Out-
come question was raised:
In patients requiring mandibular complete implant resto-
ration by means of fixed or removable prosthesis, is the
loading protocol (immediate, early, or delayed) determi-
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nant in terms of implant loss during the first year after
implant loading and crestal bone loss of the implants
considered as surviving?

Randomized clinical trials carried out with total mandi-
bular edentulous human patients, regardless of the type
of prosthesis or full dentition in the maxillary arch, were
included, both in English and in Spanish. In the works
selected, early loading versus immediate and delayed
loading were compared, and both root-shaped implants
placed in mature bone and implants placed in a conven-
tional manner or by guided surgery were considered.
These could have been performed with or without a flap,
with a minimum follow-up of one year.

Clinical cases and non-randomized retrospective or pros-
pective studies, together with those without a control
group, were excluded. Randomized clinical trials which
compare immediate vs. conventional loading were also
excluded, as we have recently published a systematic
review and meta-analysis on this topic (9). Similarly,
studies that compared either the same type of loading
with different implant brands, or implants placed imme-
diately after extraction were not considered, as well as
areas that required previous bone grafts (autografts or
xenografts) or simultaneous bone grafts. Zygomatic im-
plants were also excluded.

With regard to the literature search, it was conducted
in PubMed, Cochrane Library, and Web of Science by
using the following terms: ((((((((total edentulous) OR
total tooth loss) OR mouth, edentulous(MeSH Terms))
OR jaws, edentulous(MeSH Terms))) AND dental im-
plants)) AND (immediate dental implant loading OR
early dental implant loading))) AND ((English(Langua-
ge)) OR Spanish(Language)))) filtered by randomized
controlled trial in PubMed. As for Cochrane Library,
search was filtered by trial with the terms ((total edentu-
lous OR total tooth loss OR mouth, edentulous OR jaws,
edentulous) AND dental implants) AND (immediate
dental implant loading OR early dental implant loading).
Finally, ((total edentulous OR total tooth loss OR mouth,
edentulous OR jaws, edentulous) AND dental implants)
AND (immediate dental implant loading OR early den-
tal implant loading) refined by clinical trial were used
in Web of Science. These 3 searches offered a total of
691 records. Eight additional articles were identified by
means of other sources, which we included as related
articles. After duplicates had been discarded, the sample
consisted of a total of 406 articles, 11 of which were read
in detail: those whose title and summary matched the
inclusion and exclusion criteria.

Two papers were excluded (10,11) because they had the
same sample as 2 other studies that were selected and
had a longer observation period (12,13). Another study
was excluded because the patients were not randomized
but treated consecutively (14). The randomized clinical
trial by Cannizaro et al. (15) was excluded because, des-
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pite having a correct design and a low risk of bias, it
included implants placed in post-extraction alveoli.
Seven studies were considered for the qualitative and
quantitative synthesis. Five of them were included in
the early loading vs. delayed loading comparison and 2
in the early loading vs. immediate loading group. With
regard to timing, there was no time limitation. The last
search was made on April 27, 2020.

Figure 1 includes details about the search strategy, which
is specified in the flow chart following the PRISMA sta-
tement (16).

The meta-analysis was carried out using a software pro-
gram (Revman; Review Manager, v5.3, Copenhagen:
The Nordic Cochrane Centre; The Cochrane Collabora-
tion, 2014). The odds ratio (OR) was used for the dicho-
tomous variables and the difference of means (DM) for
the continuous variables. The 95% confidence interval
(CI) (0=.05) was estimated.

Early versus delayed and immediate loading in edentulous mandibles

Heterogeneity was estimated by inspection of the fo-
rest-plot (through overlapping confidence intervals) and
estimation of 12 and Chi-square. A sensitivity analysis
was performed excluding one of the studies each time to
identify possible changes in the results.

Two comparison groups and two independent analyses
were established: a- early loading (EL) versus immedia-
te loading (IL); and b- early loading (EL) versus dela-
yed loading (DL). A descriptive analysis was performed
in all comparisons, and, where possible, a quantitative
analysis (meta-analysis) was also carried out.

The risk of bias of each study was performed following
the Cochrane tool for the assessment of risk of bias of
randomized clinical trials (17). Outcome quality was as-
sessed through the GRADE classification system (18)
and the GRADEpro 3.2 software program (19); the stu-
dies were therefore assigned an appropriate level of evi-
dence.

691 of records identified through database searching
PubMed online N=146

Cochrane online N= 232

Web of Science online N= 313

8 of additional records identified
through other sources

Related articles

.

406 of records after
duplicates removed

44 of records 33 of records
screened — ™ excluded

Fig. 1: Flow chart of included studies.

11 of full-text
articles assessed
for eligibility

7 of studies
included in
qualitative
synthesis

7 of studies
included in
quantitative
synthesis
(meta-analysis)

4 of full-text articles excluded,
with reasons

They provide results at 12 and
24 months of two other papers
published later: 2

No randomization was
performed: 1

Includes immediate
post-extraction implants: 1
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Two researchers (BP and JLP) assessed the risk of bias
and the quality of the papers, and discrepancies were re-
solved by discussion.

Results

Seven randomized clinical trials comparing early versus
delayed loading (5 trials) and early versus immediate
loading (2 trials) in total mandibular edentulous patients,
regardless of the type of dentition or prosthesis in the
maxillary arch, were selected.

The minimum follow-up time established as an inclu-
sion criterion was 12 months; therefore, the observation
period ranged from 12 to 84 months.

The total number of implants placed was 500, of which
138 were conventionally loaded, 112 were immediately
loaded and 250 were early loaded.

The type of prosthesis used was the overdenture on 2
(12,13,20-22) or 4 implants (23).

Most of the papers studied non-splinted implants using
ball attachments (12,13,22-24). Although Payne et al.
(21) work does not specify the type of attachment used,
it does indicate that the two implants used were not
splinted. The Dolder bar was used for implant splinting
(25).

Implants with standard widths between 3.3 and 4.1 mm
and an estimated ideal length of more than 10 mm were
used in most studies.

Only 1 work established that the minimum torque to
consider immediate or early loading as suitable was of
35 Ncm; the rest of the papers did not specify this para-
meter (20). Two papers provided RFA data using Osstell
(Integration Diagnostics, Gothenburg, Sweden) (12,13)
and another used the Periotest to establish the initial sta-
bility of the implants and compare it with the stability at
the end of the observation time (22).

In relation to the measurement of predictive parameters
for implant survival and success, vertical crestal bone
loss was considered a determining measurement. All
works provided quantitative data of bone loss in milli-
meters at the end of the study period.

Table 1 shows the summary of some of the data collected
from the different clinical trials included in this work.
Figure 2 shows the graph and the summary of the risk of
bias in the two comparative groups (early loading ver-
sus immediate loading, and early loading versus dela-
yed loading). According to the Cochrane handbook, bias
among the studies in this systematic review is classified
as unclear, since in all the comparative groups most of
the evidence comes from work with a low or unclear
risk of bias.

In the early loading versus immediate loading compari-
son group, 2 papers were selected that met the inclusion
criteria for meta-analysis.

The heterogeneity between both works was low (I12 =
0%); for this reason, a fixed-effect model was selected
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(Fig. 3a). There were no graphic or statistical signs of
publication bias on the funnel plot.

The meta-analysis showed that, in terms of early failu-
res, early loading is more convenient than immediate
loading, as it results in less implant losses before one
year (odds ratio: 0.34 (fixed effects 95% CI: 0.08, 1.52)).
However, more studies are needed to confirm this ten-
dency.

In relation to crestal bone loss, a fixed-effect model was
also chosen (Fig. 3b). In both cases, bone loss at 3 years
was assessed, as the papers did not provide informa-
tion on shorter periods of time. There was no differen-
ce in marginal bone loss in immediately loaded versus
early loaded implants, although both studies indicated
less loss in early loading (mean difference: -0.10 (fixed
effects 95% CI: -0.28, 0.09)).

In the early versus delayed loading comparison group, 5
papers were selected. Three of the papers had zero im-
plant failures in both study groups; therefore, they were
not estimable for meta-analysis and only 2 papers remai-
ned available for analysis.

Heterogeneity between both works was high (Chi-squa-
re=6.76; 12 = 85%). With such a high value of 12, a
random effects model was considered, although the
usefulness of meta-analysis is considered to be void.
The confidence interval is very wide (odds ratio: 0.94
(random effects 95% CI: 0.01,111.87)), which indicates
that more and better designed works are needed to make
meta-analysis useful (Fig. 4a).

With regard to crestal bone loss during the first year, the
12 was 4%. For this reason, a fixed effect model was
selected, the meta-analysis shows a trend towards less
bone loss in early loading, but no difference between
groups (mean difference: -0.03 (fixed effects 95% CI:
-0.08, 0.02)) (Fig. 4b). The funnel plot showed no pu-
blication bias.

Discussion

A total of 7 randomized clinical trials were selected in
this work, of which 2 compared early versus immediate
loading and 5 compared early versus delayed loading.
Two independent analyses were conducted for each of
the comparison groups.

The risk of bias of studies comparing early versus imme-
diate loading (23,25) and those comparing early versus
delayed loading (12,13,21,22,24) is considered unclear.
However, in general, these trials are less well designed
than those in the previously published immediate versus
delayed loading comparative block (9), particularly in
terms of randomization sequences and blinding of ope-
rators and observers. It should be noted that, in most stu-
dies analyzed, the authors omitted information concer-
ning the concealment of the sequence of randomization
and blinding of operators and assessors, which has led to
the risk of bias in these parameters being assessed as un-
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Table 1: Data collected from the works included.

Early versus delayed and immediate loading in edentulous mandibles

Author and | Prosthesis Brand Measure (mm) Attach Tracing | Implants Total implants
Year (mo) per
Patient
T |[pL| L [EL
EARLY LOADING VS. IMMEDIATE LOADING
Maryod et OD MDI 3M 1.8x15 O-ring ball 36 4 144 72 172
al. 2014 (23) ESPE
Gunne et al. OD Straumann | 3.3-4.1x8-10-12 | Dolder bar 36 2 80 40 | 40
2016 (25)
T 224 112 | 112
EARLY LOADING VS. DELAYED LOADING
Payne et al. OD ITI *10-12-14-16 | Non splinted 24 2 48 24 24
2002 (21)
Tawse- OD Southern 3.75x12-14-16 Ball 24 2 48 24 24
Smith ez al. Implants
2002 (22)
Tawse- OD Sterioss 3.8X10-15-18 Ball 24 2 48 24 24
Smith ez al.
2002 (22)
Turkyilmaz OD Nobel *x15 Ball 12 2 40 20 20
and Celik- Biocare MK
Bagci 2006 M1
(24)
Turkyilmaz OD Nobel *x15 Ball 24 2 40 20 20
and Tumer Biocare MK
2007 (12) 111
Turkyilmaz OD Nobel 3.75x15 Ball 84 2 52 26 26
etal 2012 Biocare MK
(26) 11T
T 276 | 138 138
GLOBAL TOTAL 500 | 138 | 112 | 250
DL, delayed Loading; EL, early Loading; IL, immediate Loading; OD, overdenture; T, total

clear, when perhaps it should be considered as high risk,
if this lack of information is taken as a lack of blinding.
Early implant loss was assessed by 2 different me-
ta-analyses depending on the study groups. The results
taking as effect size index the Odds Ratio (95% CI)
were, for the comparisons between early versus imme-
diate loading and early versus delayed loading, of 0.34
(0.08, 1.52) and 0.94 (0.01, 111.87), respectively. The-
refore, early loading is preferred to immediate loading.

The confidence interval in terms of early failures in the
early versus delayed loading comparison is so wide that
it is not possible to establish which protocol is better.
More studies are needed to estimate the effect.

In all studies comparing early versus delayed and im-
mediate loading, crestal bone loss around the implant is
assessed using calibrated, parallel periapical radiogra-
phs and image processing software (12,13,21-25). Ne-
vertheless, according to Walton and Layton (27), crestal
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Fig. 2: QUADAS-2 graph and summary of the risk of bias of the selected studies.

bone loss measurements showing a difference of 1 mm
or less can be attributed to limitations in measurement
rather than biological factors. Although most studies
selected evaluate crestal bone loss as a key element in
determining implant success, there are differences in
the length of observation times for each study, ranging
from 12 to 84 months. It seems logical to think that
the crestal bone loss that can be related to the type of
loading that the implant received is the one measured

e402

within the first year of function; for this reason, addi-
tional analyses were performed at one year of observa-
tion when possible. In the studies comparing early and
delayed loading (12,13,21,22,24), a subgroup was crea-
ted to evaluate crestal bone loss at one year of observa-
tion (12,21,22,24). It was taken into account that in the
study by Tawse-Smith et al. (22) there are two different
comparisons when comparing implants of two different
brands and they were counted as two different studies.



J Clin Exp Dent. 2021;13(4):¢397-405.

Early versus delayed and immediate loading in edentulous mandibles

EARLY LOADING IMMEDIATE LOADING Odds Ratio Odds Ratio

Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% C1 M- H, Fixed, 95% C1

Cunne et al. 2016 2 60 s 60 740% 0.38 (0.07, 2.04) —

Maryod et al. 2014 (1] 30 1 22 26.0% 0.231[0.01, 6.05) -

Total (95% CD) 90 82 1000%  0.34 [0.08, 1.52) ==

Total events 2 6

Heterogeneity: Chi' = 0,07, df = 1 (P = 0.80); I¥ = 0% ’ + + 4

0.01 0.1 10 100
Test for overall effect: Z = 1.41 (P = 0.16) Favors [EARLY exp] Favors (IMMEDIATE ctri)
3a
EARLY LOADINC IMMEDIATE LOADING Mean Difference Mean Difference

Study or Subgroup  Mean SO Total  Mean SO Total Weight 1V, Fixed, 95% CI IV, Fived, 95% C)

Cunne et al. 2016 0.3 096 30 0.35% 063 22 185X -0,04[-047,0.39)

Maryod et al. 2014 106 049 60 117 0.6 60 81.5% -0.11[-0.32,0.10] e

Total (95% C1) %0 82 100.0% -0.10[-0.28,0.09) *

Heterogensity. Chi* « 0,08, 01 =« 1 (P = 0.77). FF = 0% + " + + +
-05 -0.25 0 0.25 0.5

Test for overall effect: Z « 1.02 (P« 0.31) Favors [EARLY exp] Favors [IMMEDIATE curf)

3b

Fig. 3: Early failure meta-analysis (3a) and crestal bone loss meta-analysis (3b) (early loading vs. immediate loading).
CARLY LOADING  DELAYED LOADING Odds Ratio Odds Ratio

Study or Subgroup Lvents Total Cvents Total ght M-M, Random, 95% Ci M-M, Random, 95% C1

Payne et al. 2002 0 24 4 20 476x 0.07 [0.00, 1.48) ¢ -

Tawse~Smith et al. 2002 7 4 1 47 S2.4% 947 [1.11, 80.63) L

Turkyllmaz and Tumer 2007 0 20 0 26 Not estinable

Turkyilmaz et al. 2006 0 20 0 20 Not estimable

Turkyilmaz et a1 2012 0 20 (4] 20 Not estinable

Total (95% C1) 125 133 10005 0.94[0.01,111.87)

Total events 7 5

Heterogeneity: Tau’ « 10.14; Ch' « 6.76, &f « | (P = 0.009); I « 85X S0 o : - o

Test for overall effect: Z « 0.02 (P = 0.98) Fawors [EARLY exp] Favors [DELAYED contrel]

43
CARLY LOADING  DELAYED LOADING Mean Difference Mean Difference

Study or Subgroup Mean SO Yotal Mean SO Total Weight IV, Fixed, 95% CI IV, Fixed, 95% O

Payne et al. 2002 027 018 48 035 022 48  39.9% -0.08(-0.16,0.00) -

Tawse-Smith et al. 2002 012 023 24 016 024 24 146% -004[-017,000] ¢

Tawse-Smith et al. 2002 012 01s 17 o1 033 23 11.1% 0.02(-0.13,017)

Turkyllmaz and Tumer 2007 1 03 20 09 03 20 75% 0.10(-0.09,029)

Turkyilmaz et al. 2006 03 02 20 03 01 20 269% 0.00(-0.10,0.10]

Total (95% C1) 129 135 1000% -0.03 [-0.08, 0.02) —q—

Heterogeneity. Chi" « 415, df « 4 (P = 0.39). ¥ = 4%
Test for overall eMecs: 2 » LOS P = 0.26)

4b

-01 ~005 0 0

05 01
Favors [EARLY exp] Favors [DELAYED controd)

Fig. 4: Early failure meta-analysis (4a) and Crestal bone loss meta-analysis at one year (4b) (early loading vs. delayed loading).

Only one paper provided no information on marginal
bone loss after one year (13). The results at one year
(mean difference -0.03 (fixed effects,95% CI: -0.08,
0.02)) they favored early loading. Besides, neither of
the 2 studies comparing early versus immediate loading
(23,25) provided data on crestal bone loss after one year,
so the loss was analyzed at the end of the study period (3
years); the value (mean difference: -0.10 (fixed effects
95% CI: -0.28, 0.09)) also favored early loading. More
studies are needed to determine which type of loading
causes less crestal bone loss.
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With regard to the comparison of failures of splinted
or non-splinted implants, the comparison could just be
conducted in the early versus immediate loading group,
since in the early versus delayed loading group only
non-splinted attachments were used. In the immediate
versus early loading group, no difference was found
between non-splinted (23) and Dolder bar splinted im-
plants (25).

Table 2 assesses the quality of evidence and the degree
of recommendation of each method of the studies com-
paring early versus immediate loading. The selected pa-
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pers offered a high recommendation level for early im-
plant loss and moderate for crestal bone loss at 3 years;
thus, early loading is recommended instead of immedia-
te loading.

Table 3 assesses the quality of evidence and the degree
of recommendation of the clinical trials comparing early

Table 2: Quality of the evidence (Early loading vs. immediate loading).

Early versus delayed and immediate loading in edentulous mandibles

Conclusions

1. The risk of implant loss before 1 year after loading
is higher in immediate loading implants as compared to
early loading implants.

2. The risk of implant loss during the first year between
early loading and delayed loading cannot be assessed.

Evidence Quality Number of patients Effect Quality
Number of | Risk of | Inconsistency | Indirect | Vagueness Other Early Immediate | Relative | Absolute
studies bias evidence Loading Loading 95% 95%
CI CI)
2 serious * Not serious Not Not Strong 2/90 6/82 OR0.34 | 47 less [CleTe1E)
serious serious association (2.2%) (7.3%) (0.08 - per HIGH
1.52) 1.000
(from 67
less to 34
more)
2 serious * Not serious Not Not None 90 82 - MD 0.1 (1110
serious serious less MODERATE
(0.28
lower to
0.09
higher)
CI: Confidence Interval; OR: Odds Ratio; MD: Mean difference
Explanations: a: There is high risk of bias in blinding of the operators and evaluators that may condition the results of the study.
Table 3: Quality of the evidence (Early loading vs. delayed loading).
Evidence Quality Number of patients Effect Quality
Number | Risk of | Inconsistency | Indirect | Vagueness | Other Early Delayed | Relative Absolute
of studies bias evidence Loading | Loading 95% 95% CI)
CI)
5 serious serio ° Not Very None 7/125 5/133 OR 0.94 2 less per 1000
? serious serious (5.6%) (3.8%) (0.01 - 1.000 VERY LOW
111.87) (from 37 less
to 776 more)
4 serious no es serio Not Not None 129 135 - MD 0.03 less 1@
2 serious serious (0.08 lower to | MODERATE
0.02 higher.)
CI: Confidence Interval; OR: Odds Ratio; MD: Mean difference
Explanations: a. High performance and evaluation bias b. High heterogeneity among studies

loading with delayed loading. A very low level of evi-
dence was obtained for early implant loss and a modera-
te level was obtained for bone loss in favor of conventio-
nal loading. Conventional loading is suggested instead
of early loading.

The limitations of this systematic review are mainly due
to the low number of randomized clinical trials compa-
ring loading protocols, shortcomings in the designs, he-
terogeneity in terms of implant observation times, and
the lack of assessment of marginal bone loss in some
studies. An adequate measurement of the primary sta-
bility of the placed implants as well as the objective
evaluation of the bone quality in which they are placed
would be desirable.

It is also important to note that this work has not taken into
account the patient’s quality of life, which is an important
factor to be considered when making clinical decisions.
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3. There are no differences between immediate loading
versus early or versus delayed loading in terms of crestal
bone loss. In general, when early loading is performed,
bone loss tends to be less between 1 and 3 years after
implant loading.

4. More studies are needed to make firm recommenda-
tions on early loading protocols, although the quality of
the available evidence recommends early rather than im-
mediate loading, and delayed rather than early loading.
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