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ABSTRACT
Statement of problem. The current trend is to shorten the loading times of dental implants.
However, information about the risk of early loss of implants that have been loaded immediately
is scant if compared with data available for those conventionally loaded.

Purpose. The purpose of this systematic review and meta-analysis was to study immediate (IL) and
delayed loading (DL) protocols in edentulous mandibles to determine whether differences exist in
implant success and crestal bone loss and to evaluate these possible differences in relation to the
type of prosthesis and the splinting of the implants.

Material and methods. The literature review was conducted in PubMed, Scopus, and the Cochrane
Library. Nine randomized clinical trials were included.

Results. The result of a meta-analysis of implant loss before 1 year was 2.63 (95% CI: 1.22, 5.68),
favoring the DL control group, while the outcome for crestal bone loss at the observation year
was 0.42 (95% CI: -0.35, 1.20), with a tendency toward reduced bone loss for DL.

Conclusions. The risk of early loss in the IL group was higher than that in the DL group. For
removable prostheses and nonsplinted implants, DL was preferred. The quality of scientific
evidence significantly favors DL. (J Prosthet Dent 2021;125:437-44)
Both implant-retained over-
dentures and implant-
supported fixed prostheses
allow the restoration of func-
tion while improving the
quality of life of the patient in
comparison with a conven-
tional removable prosthesis.1-3

Brånemark et al3 established a
period without implant
loading ranging from 3 to 4
months for the mandible and
from 6 to 8 months for the
maxilla, thus avoiding micro-
motions that could cause
fibrointegration and subse-
quent implant loss. Indeed,
both the primary stability of

the implant and the absence of micromovements have
been identified as key factors when it comes to implant
success.4-6

Because the period from tooth loss to placement of an
implant-supported restoration can be incapacitating and
traumatic and because conventional removable mandib-
ular prostheses can be unstable and lack retention, which
may compromise function, esthetics, and quality of life,
efforts have been made to reduce treatment times for
implant-supported restorations.2,7,8 From the 1990s
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onwards, studies on implant loading protocols have
demonstrated that osseointegration can be adequately
achieved by means of immediate and early loading
protocols.9,10

Implant loading protocols were categorized by the ITI
Consensus Conference in 200811 as conventional or
delayed loadingdperformed more than 2 months after
implant placementdearly loadingdperformed between 1
week and 2 months after implant placementdand im-
mediate loadingdperformed during the first week after
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Clinical Implications
In recent years, there has been a tendency
toward reducing the loading times of dental
implants for functional and esthetic reasons.
Nevertheless, the results of this study provide
evidence in favor of delayed loading, demonstrating
that the risk of implant loss is lower than that after
immediate loading.
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implant placement. However, although extensive
research on the immediate and delayed loading protocols
in edentulous mandibles has been carried out with high
success rates reported, the impact of variables such as
splinting or the number of implants used has remained
virtually unexplored. This, together with the fact that
some of these studies lack control groups, which com-
promises comparison, suggests a gap in the literature.

The purpose of this systematic review was to study
immediate loading versus delayed loading in edentulous
jaws to ascertain whether differences exist in the success
of the implants (early loss before 1 year). Furthermore,
potential differences in relation to the type of prosthesis
(fixed or removable) and the splinting of the implants
were evaluated.
MATERIAL AND METHODS

The Patients, Interventions, Comparison, Outcome
(PICO) question raised was the following: Does the
loading protocol (immediate or delayed) determine
implant survival after the first year of implant
loading in patients who require complete mandibular
implant rehabilitation through fixed or removable
prostheses?

Patients were those in need of implant rehabilitation
in the mandibular complete arch; interventions were
fixed (metal-ceramic or metal-resin) or removable pros-
thesis (overdenture); comparison was immediate loading
(IL) versus delayed loading (DL); and outcome was
implant loss during the first year after implant loading.
Randomized clinical trials carried out with total
mandibular edentulous human participants, regardless of
the type of dentition in the maxillary arch, were included,
both in English and in Spanish. In the works
selected, immediate and conventional loading were
compared, and both root-shaped implants placed in
mature bone and implants placed in a conventional
manner or by guided surgery were considered. These
could have been performed with or without a flap, with a
minimum follow-up of 1 year.

Case reports and nonrandomized retrospective or
prospective studies, together with those without a control
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group, were excluded. Similarly, studies that compared
either the same type of load with different implant
brands, immediate or conventional loading with early
loading, or implants placed immediately after
extraction were not considered, as well as areas that
required previous or simultaneous bone grafts (autografts
or xenografts) and zygomatic implants.

The literature search was conducted in PubMed,
Scopus, and Cochrane Library by using the following
terms: ((((((((total edentulous) OR total tooth loss) OR
mouth, edentulous[MeSH Terms]) OR jaws, edentulous
[MeSH Terms])) AND dental implants)) AND (immedi-
ate dental implant loading OR early dental implant
loading))) AND ((English[Language]) OR Spanish[Lan-
guage]))) filtered by randomized controlled trial in
PubMed. The Cochrane Library search was filtered by
trial with the terms ((total edentulous OR total tooth loss
OR mouth, edentulous OR jaws, edentulous) AND
dental implants) AND (immediate dental implant
loading OR early dental implant loading). ((total eden-
tulous OR total tooth loss OR mouth, edentulous OR
jaws, edentulous) AND dental implants) AND (imme-
diate dental implant loading OR early dental implant
loading) were used in Scopus. These 3 searches offered a
total of 766 records. Eight additional articles were iden-
tified by means of other sources, which were included as
related articles. After duplicates had been discarded, the
sample consisted of 382 articles, of which 21, whose title
and abstract agreed with the inclusion and exclusion
criteria, were read in detail. Of these, 10 were excluded.
In 1 of the articles, the control and the experimental
group were composed of the same participants. Seven
articles were excluded because they evaluated conven-
tional versus early loading, and the remaining 2 because
they compared immediate versus early loading. Nine
studies were considered for the qualitative and quanti-
tative synthesis.

Figure 1 includes details about the search strategy,
which are specified in the flow chart following the
PRISMA statement.12 There was no time limitation. The
last search was made on March 2, 2019.

The meta-analysis was performed by using a software
program (RevMan; Review Manager, v5.3, Copenhagen:
The Nordic Cochrane Center; The Cochrane Collabora-
tion, 2014). The odds ratio (OR) was used for the
dichotomous variables and the difference of means (DM)
for the continuous variables. The 95% confidence interval
(CI) (a=.05) was estimated.

Heterogeneity was estimated by means of forest-plot
inspection (via the superposition of confidence intervals)
and estimation of I2 and chi-square, while publication
bias was analyzed by using the funnel-plot diagram. A
sensitivity analysis was performed excluding one of the
studies each time to identify possible changes in the
results.
Pardal-Peláez et al

ial Hospital from ClinicalKey.com by Elsevier on May 30, 
on. Copyright ©2021. Elsevier Inc. All rights reserved.



382 of records after
duplicates removed

44 of records
screened

19 of full-text
articles assessed
for eligibility

10 of full-text articles excluded,
with reasons
The control and the
experimental group were the
same patients: 1
Evaluate Conventional Loading
vs Early Loading: 7
Evaluate Immediate Loading vs
Early Loading: 2

9 of studies
included in
qualitative
synthesis

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

25 of records
excluded

766 of records identified through database searching

N=133

N=202

N=142

N=289

PubMed ((((((((total edentulous) OR total tooth loss) OR mouth,
edentulous[MeSH Terms]) OR jaws, edentulous[MeSH Terms]))
AND dental implants)) AND (immediate dental implant loading OR
early dental implant loading))) AND ((English[Language]) OR
Spanish[Language])) ) Filters: Randomized Controlled Trial

Cochrane ((total edentulous OR total tooth loss OR mouth,
edentulous OR jaws, edentulous) AND dental implants) AND
(immediate dental implant loading OR early dental implant
loading) Filter: Trials

Scopus ((total edentulous OR total tooth loss OR mouth,
edentulous OR jaws, edentulous) AND dental implants) AND
(immediate dental implant loading OR early dental implant
loading)

Web of Science TOPIC: (((total edentulous OR total tooth loss OR
mouth, edentulous OR jaws, edentulous) AND dental implants)
AND (immediate dental implant loading OR early dental implant
loading))
Refined by: DOCUMENT TYPE: ( CLINICAL TRIAL )

8 of additional records identified
through other sources
Related articles

Figure 1. Flow chart of included studies.
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In addition, the risk of bias was explored in each
study by means of the Cochrane tool, including its
evaluation in randomized clinical trials.13 Outcome
quality was assessed by using the GRADE
Pardal-Peláez et al
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classification system14 and the GRADEpro 3.2 soft-
ware program (McMaster University and Evidence
Prime Inc). The studies were assigned an adequate
level of evidence.15
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Table 1.Data collected from included studies

Author and Year Prosthesis Brand Measure (mm) Attach Moment of IL
Tracing
(mo)

Implants
per Patient

Total Implants

T DL IL

Chiapasco et al, 200122 OD Nobel Biocare MK II 3.75×13 Dolder bar 2-3 d 24 4 80 40 40

Romeo et al, 200221 OD ITI 3.3-4.1×10> Dolder bar 2 d 24 4 80 40 40

Elsyad et al, 201217 OD Implant Direct 3.7-4.7-5.7×10-13-16 Ball Same day 36 2 72 36 36

Kern et al, 201816 OD Camlog 3.8×11 Ball Same day 24 1 158 77 81

Elsyad et al, 201418 OD Tiologic Implants 3.7-4.2-4.8×11-13-15 LOCATOR Same day 12 2 72 36 36

Schincaglia et al, 201619 OD Astra Tech 4.0×8-11-13-15 LOCATOR Same day 12 2 64 32 32

Acham et al, 201720 OD Neoss 3.4-4×11-13 LOCATOR Same day 36 4 80 48 32

Alfadda, 201423 Fixed Nobel Biocare TiU >3.75×10 Multiunit Same day 12 4 168 88 80

Jokstad and
Alkumru, 201424

Fixed Nobel Biocare MK III
o MK IV

3.75-4× 10-11.5-13-15 mm Multiunit Same day 60 4 168 84 84

T 942 481 461

DL, delayed loading; IL, immediate loading; OD, overdenture; T, total.

Random sequence generation (selection bias)

Blinding of participants and personnel (performance bias)

Incomplete outcome data (attrition bias)

Selective reporting (reporting bias)

Other bias

0% 25% 50% 75% 100%

Blinding of outcome assessment (detection bias)

Allocation concealment (selection bias)

Low risk of bias Unclear risk of bias High risk of bias

Figure 2. Bias risk graph of selected studies.
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RESULTS

Nine randomized clinical trials were selected comparing
delayed loading with immediate loading in completely
edentulous mandibular arches, regardless of the type of
dentition or prosthesis in the maxillary arch. The obser-
vation period ranged between 12 and 60 months.

A total of 942 implants were placed, 481 of which
were conventionally loaded and 461 were immediately
loaded. The number of implants per patient ranged from
1 to 4, and the type of prosthesis was, in most treatments,
an overdenture on 1,16 2,17-19, or 4 implants,20-22 except
for 2 studies in which fixed prostheses were placed on 4
implants.23,24

Overall, nonsplinted implants were studied by using
ball-type or LOCATOR attachments. As for the splinting
of implants in a removable prosthesis, the Dolder bar was
used.

The minimum torque considered suitable for imme-
diate loading was between 20 Ncm19,24 and 35 Ncm18,23;
however, 3 of the studies did not specify the primary
stability criteria necessary for immediate loading.17,21,22

Furthermore, none of the selected studies indicated the
minimum value of the implant stability quotient (ISQ) for
loading the implants in their experimental protocol.
THE JOURNAL OF PROSTHETIC DENTISTRY
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Several studies, however, pointed out that ISQ mea-
surements were made by using resonance frequency
analysis (RFA) or mobility of the implant through Perio-
test (Medizintechnik Gulden e.K.). Moreover, 2 articles
provided RFA data through Osstell (Integration Di-
agnostics),18,20 and 3 used Periotest to establish the pri-
mary stability of the implants and compared it with the
stability at the end of the observation period.17,20,22

Vertical crestal bone loss was the determining factor
for evaluating implant survival and success. All the
studies, except for those of Acham et al20 and Kern
et al,16 provided quantitative data on bone loss in milli-
meters at the end of the study period. Some studies
also measured parameters such as plaque index,
gingival index, and depth of probing on peri-implant
tissue.16-18,21,22 Table 1 summarizes data collected from
the included clinical trials.

The following domains were evaluated separately for
the assessment of the risk of bias: generation of the
random sequence; allocation concealment; blinding of
participants, operators, and evaluators; incomplete re-
sults; selective communication of results; and other bia-
ses. Each element was assessed individually in a table.
Only Elsyad et al17 had a low risk of bias because all the
parameters evaluated were low. Three studies presented
Pardal-Peláez et al
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Alfadda, 2014

Chiapasco et al, 2001

Elsyad et al, 2012

Elsyad et al, 2014

Jokstad et al, 2014

Kern et al, 2018

Romeo et al, 2002

Schincaglia et al, 2016

Figure 3. Summary of risk of bias of selected studies.
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chances of individual bias; high risk was found in one or
more of the parameters considered.16,20,23 However, no
certainty of bias could be established in the remaining
studies, in which unclear risk was found in at least one of
the parameters.18,19,21,22,24 Figures 2 and 3 show the
graph and summarize the risk of bias of the selected
studies.

According to the Cochrane manual, the bias among
the studies considered in this systematic review is
unclear because most of the evidence comes from studies
with a risk of low or unclear bias in all the comparative
groups. Nine studies comparing conventional or delayed
loading (control) versus immediate loading (experi-
mental) were selected. Meta-analysis of early implant
loss (before 1 year) was performed.

In terms of the analysis of the early implant loss, the
heterogeneity of the studies was found to be low, as
shown in Figure 4 (I2=3%). Thus, a fixed-effect model
was selected, assuming that the differences among
studies were not due to heterogeneity but to chance. The
sensitivity analysis did not show that the exclusion of
specific studies significantly modified the size of the effect
Pardal-Peláez et al
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or the heterogeneity. No graphic or statistical signs of
publication bias were observed, as shown by the funnel
plot (Fig. 5).

According to the forest plot, no significant difference
was found between the 2 loading protocols in individual
studies because the 95% confidence intervals overlap and
cross the line of no effect in all studies except for that of
Kern et al.16 Therefore, conventional loading had fewer
negative outcomes than immediate loading (odds ratio:
2.63 [fixed effects 95% CI: 1.22, 5.68]).
DISCUSSION

The studies included in the present review were well
designed and had either a low or unclear risk of bias, with
the exception of 3 studies in which the risk appeared to
be higher.16,20,23 Chances of high or unclear bias were
concentrated in the blinding of operators and observers.
This factor must be considered to correct the blinding of
surgeons because immediate loading requires higher
primary stability values than delayed loading. If the
operator is not blinded, the operative sequence can be
altered to achieve greater primary stability in the imme-
diate loading group. Likewise, blinding of observers is
also important for the assessment of crestal bone loss and
peri-implant parameters.

Kern et al16 and Acham et al20 were at high risk of
bias in terms of selective reporting of results because they
had data on crestal bone loss from implants that had not
been published. Additionally, only 3 articles evaluated
the quality of the peri-implant tissues. In these studies,
no significant relationship was reported between the
state of the tissues and probing depth and crestal
bone loss; however, the evaluation of these parameters
was out of the scope of the present systematic
review.17,18,21

Although the observation periods ranged between 1
and 5 years, premature implant loss always occurred
during the first year of function. The observation period
mainly affected crestal bone loss; nevertheless, all the
studies provided data on bone loss after 1 year of
observation, and these were the data evaluated.

Delayed loading was favored over immediate loading
in terms of early implant loss before 1 year. The results,
taking the odds ratio as an effect size index, were 2.63
(1.22, 5.68).

Most of the authors applied the success criteria of
Albrektsson et al25 to determine implant success.17,21-23

Although most studies identified crestal bone loss as a
key element in ascertaining whether implants are suc-
cessful or not, the differences in study observation times,
and, therefore, the disparities at the time of assessing the
bone loss of the implant, were salient because they
ranged from 12 to 60 months. The evaluation of the
crestal bone loss around the implant should be made by
THE JOURNAL OF PROSTHETIC DENTISTRY
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Table 2.Mean values of crestal bone loss data during first year of
implant function

Author

Immediate Loading Delayed Loading

CBL (mm) SD Total CBL (mm) SD Total

Acham et al, 201720 NA 32 NA 48

Alfadda, 201423 0.296 0.0 72 0.037 0.0 88

Chiapasco et al, 200122 1.5 0.0 40 1.2 0.0 40

Elsyad et al, 201217 1.0 0.5275 30 0.515 0.3825 30

Elsyad et al, 201418 1.05 0.1 32 0.87 0.13 34

Jokstad and Alkumru, 201424 1.3 0.7 52 1.1 0.7 72

Kern et al, 201816 NA 46 NA 46

Romeo et al, 201221 0.41 0.12 40 0.37 0.22 40

Schincaglia et al, 201619 0.25 0.5 32 0.54 0.5 30

CBL, crestal bone loss; NA, not available; SD, standard deviation.

Study or Subgroup

IMMEDIATE

(Exp)

Events Total Events Total Weight

DELAYED

(Control) Odds Ratio

M-H, Fixed, 95% CI

Odds Ratio

M-H, Fixed, 95% CI

Acham et al, 2017 0 32 0 48 Not estimable

88 30.4%

5.66 [0.26, 122.47]

5.00 [0.23, 108.53]

2.63 [1.22, 5.68]

0.001 0.1 1 10 1000

Favors [IMMEDIATE Exp] Favors [DELAYED Control]

0.33 [0.01, 8.22]

10.11 [1.24, 82.24]

4.35 [0.44, 43.02]

5.35 [0.25, 116.31]

0.33 [0.01, 8.22]

0.81 [0.13, 4.98]

17.2%

5.3%

5.2%

9.2%

10.1%

17.2%

5.5%

100.0%
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Schincaglia et al, 2016

Total (95% CI)

Total events

Test for overall effect: Z=2.46 (P=.01)

Heterogeneity: χ2=7.21, df=7 (P=.41); I2=3%

Figure 4. Meta-analysis of early losses.

Table 3.Quality of evidence of selected works

Evidence Quality Number of Patients Effect Quality

Number of
Studies

Risk of
Bias Inconsistency

Indirect
Evidence Vagueness Other

Inmediate
Loading

Delayed
Loading

Relative
(95% CI) Absolute (95% CI) Certainty

9 Not serious Not serious Not serious Not serious Strong
association

20/396 (5.1%) 7/447 (1.6%) OR: 2.63 (1.22-5.68) 25 more per 1.000
(from 3 more to

67 more)

4444
HIGH

CI, confidence interval; MD, mean difference; OR, odds ratio; SMD, standard mean difference.
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means of calibrated parallelized periapical radiographs;
not all studies, however, used them to measure bone
loss: 2 of them evaluated bone loss from panoramic
radiographs.21,22

Only 3 trials reported bone loss in excess of 1
mm.18,22,24 In 2 of them, this loss occurred both in the
immediate loading group (1.05 ±0.1 mm; 1.5 ±0.0 mm;
THE JOURNAL OF PROSTHETIC DENTISTRY
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1.3 ±0.7 mm) and in the delayed loading group (1.1 ±0.7
mm; 1.2 ±0.0 mm), while in the third trial,18 crestal bone
loss in excess of 1 mm occurred only in the immediate
loading group (1.05 ±0.1 mm and 0.87 ±0.13 mm).
According to Walton and Layton,26 crestal bone loss
measurements showing a difference of 1 mm or less can
be attributed to limitations in measurement rather than
Pardal-Peláez et al
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biological factors. Table 2 provides information on the
crestal bone loss data during the first year of implant
function.

The protocol in some studies was single phase with
healing abutments in the delayed loading control group.
However, they did not present significant differences in
terms of early implant loss compared with the studies
that used a submerged protocol with plugs of closure in
delayed loading implants and performed a second sur-
gical phase 12 weeks after implant placement.18,21,23,24

Regarding crestal bone loss, the results did not differ
from the rest of the studies. Considering these out-
comes, the placement of the implants in a single phase
did not seem to affect either the implant or the crestal
bone loss. The presence of a complete removable
prosthesis that was adequately adapted and relined with
soft material seemed not to be detrimental to the un-
derlying implants during the 3 months after their
placement.

Of the studies reviewed, only 2 dealt with fixed
prostheses.23,24 The comparison between fixed and
removable prostheses was made by performing 2 sepa-
rate meta-analyses with the early losses so that the result
was 1.63 (0.43, 6.13) in the fixed prosthesis and 3.28
(1.25, 8.63) in the removable prosthesis. In both situa-
tions, delayed loading was preferred, and no differences
were found between either type of prosthesis in terms of
early implant loss. Overall, delayed loading is favored for
removable prostheses.

With regard to the comparison of implant loss with or
without splinting, it appears that when the implants are
not splinted, delayed loading is preferable because more
losses occurred with immediate loading.16-20 However, in
implant splinting using bars or fixed prostheses, there
were no differences in implant loss.21-24 In the 2 studies
in which the implants were splinted with a Dolder bar,
fewer implants were lost with immediate loading,
although no statistically significant differences were
found between groups.21,22

Table 3 presents the quality of the evidence and the
extent to which the studies that compared immediate
loading versus delayed loading can be recommended.
According to the evaluation of the 9 selected articles, the
recommendation level was moderate. It would be
advisable to perform conventional loading.

Limitations of this systematic review included the low
number of randomized clinical trials, the deficiencies in
the designs, the heterogeneity regarding the observation
times of the implants, and the absence of evaluation of
crestal bone loss in some studies. An adequate mea-
surement of the primary stability of the placed implants
and the assessment of bone quality would be desirable.
Moreover, patient satisfaction was not taken into account
when assessing whether or not to carry out immediate
loading.
Pardal-Peláez et al
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CONCLUSIONS

Based on the findings of this systematic review and
meta-analysis, the following conclusions were drawn:

1. The risk of early loss (implant loss before 1 year) is
greater in immediately loaded implants. The quality
of evidence is high in favor of delayed loading.

2. In removable prostheses and for nonsplinted im-
plants with ball or LOCATOR attachments, delayed
loading is preferred.

3. Additional randomized clinical trials on fixed pros-
theses are needed.
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