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Aim: To assess oral health-related quality of life (OHRQoL), marginal bone loss (MBL), and changes in soft tissue including probing
pocket depth and implant stability in 2 implants retained mandibular overdentures during 5 years follow-up periods.
Methods: Forty completely edentulous patients with age 51–64 years were recruited for that longitudinal cohort study. Complete
dentures were performed for all participants. Two implants (3.6 × 11.5 mm) were installed in the canine areas of the mandible.
OHRQoL and MBL measures were performed every 1 year for 5 years, while clinical measures were made every 6 months for 60
months. Data were examined using repeated ANOVA and Friedman test.
Results: Thirty-seven patients had 74 implants; with mean age 56 ± 3.6 years; 43% females (n = 16) and 57% males (n = 21)
accomplished the study. There were statistically significant differences in OHRQoL, MBL, and changes in soft tissue, including
probing pocket depth and implant stability in 2 implants retained mandibular overdentures during 5 years follow-up periods, p ≤
0.05.
Conclusion: Mandibular overdentures retained by 2 implants provide a positive long-term effect on OHRQoL, MBL, probing pocket
depth, and implant stability.
Keywords: implant-retained overdenture, quality of life, marginal bone loss, pocket depth, COVID-19

Introduction
Dental implants are widely used to retain mandibular overdentures. Two implants that retained mandibular overdentures
have been documented to be highly valuable in completely edentulous patients showing great patient delight, comfort,
satisfaction, masticatory efficiency, achieving patients’ needs, and providing less complication compared with complete
overdentures.1–3

Both functionality and longevity of implants have influenced implant-retained overdentures. Implant success is
greatly affected by osseointegration. An adequate healing period following implant installation is needed to allow the
osseointegration. Consequently, a delayed implant loading procedure was regularly accomplished; the mandibular
overdenture should be connected to the implants at the 2nd phase following a 3–6 months healing period. Certainly,
both the lack of micro-movements and the initial stability of the implant are considered important determinants in the
success of the implant.4–6

The implant success is assessed in clinical guidelines including survival of the implant and supra-structure, loss of
marginal bone, aesthetics, and complications. The general quality of life in many people is influenced by poor oral health,
which represents an important factor in assessing the success of prosthetic treatment. The quality and type of prosthetic
treatment, implants retained mandibular overdentures, can be assumed to be one feature of oral health.7,8
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The oral health-related quality of life (OHRQoL) is frequently utilized for the evaluation of implant retained
prosthesis in edentulous patients. Quality of life greatly improves as the implant-retained prosthesis is delivered to the
edentulous patients.9,10

The oral health impact profile for edentulous patients (OHIP-EDENT) is a 19-element questionnaire formed to
estimate the OHRQoL with elderly or following missing teeth replacement. The OHIP-EDENT is a commonly utilized
tool, considered principally described and demonstrated good reliability and validity.11,12

Marginal bone loss (MBL) around an implant is inevitable due to bone remodelling and crestal bone resorption after
implant installation and prosthetic insertion. MBL around implant causes biological complications in the implant-
abutment connection, which prompts tissue inflammation around the implant and the development of peri-implant
diseases. Preservation of marginal bone represents a major role in the success and survival of dental implants, which
keep peri-implant soft tissue healthy.13,14

Implant stability (IS) includes mechanical stability and biologic stability. The mechanical and biologic stabilities are
established due to osseointegration and the healing period after the implant installation. Implant stability could be
measured by several methods. Resonance frequency analysis (RFA) is the most popular procedure to estimate the implant
stability quotient (ISQ). The RFA is an adequate, simple, non-invasive, practical, and well-documented procedure to
estimate the stability of the dental implant.15–17

Pocket probing is an important and reliable diagnostic tool in the longitudinal assessment and detection of soft tissues
around an implant. It is usually used to assess the interface between implant and tissue to detect areas of peri-implantitis
and mucositis, thus leading to implant failure. The plastic periodontal probe has been recommended to be used safely
during probing around implant restorations, and this procedure does not seem to jeopardize the integrity of oral
implants.18,19

Since the end of 2019, the COVID-19 pandemic has been known for its adverse effects on nearly all aspects of daily
life. Shortly after COVID-19 onset, it was considered a global pandemic. It was reported that the coronavirus can be
transferred by aerosols through droplets of the respiratory system. Social distancing and isolation face masks, and strict
personal hygiene methods have been announced as the principal protective methods for controlling the transmission of
the coronavirus.20–22

Procedures during dental treatment have been recognized as one of the greatest threats to transmission of viruses,
involving transmission through aerosol and non-aerosol methods. Therefore, it was advised that all dental approaches be
suspended unless for emergency treatments, including acute dental pain, cellulitis or abscess, dental trauma, and osteitis.
Therefore, all non-urgent treatments were postponed as regular maintenance visits and prosthetic treatment.23,24

This longitudinal cohort study was designed to evaluate OHRQoL, MBL, and changes in soft tissue, including
probing pocket depth and implant stability in delayed loading 2 implants retained mandibular overdenture during 5 years
follow-up periods.

The null hypotheses (H0) were no differences detected in OHRQoL, MBL, or changes in soft tissue including probing
depth or implant stability in mandibular overdentures retained by 2 implants during 5 years follow-up periods.

Materials and Methods
Study Design
A longitudinal cohort study has been carried out between July 2015 and December 2020 at Removable Prosthodontics
Department, Faculty of Dental Medicine for Girls, Al- Azhar University (Cairo, Egypt). It was conducted on forty
completely edentulous patients, 23 males and 17 females, age 51 to 64 years. Power size calculation revealed a sample
size of N = 30 for a power of more than 80% to detect a correlation at confidence interval 0.95 and alpha level 0.05;
drop-out 10%.11,25 Patients were chosen following special inclusion and exclusion guidelines; good general health and
free from any systemic or local diseases, bone disease, temporomandibular joint disorders, or neuromuscular disease. The
selected patients had sufficient inter-arch space and Angle’s class I jaw relationship. They had well-developed residual
upper and lower ridges with firm mucosa free from inflammation, ulceration, and flappy tissues. Smokers and patients
performing abnormal tongue habits, bruxism, or clenching were precluded to avoid the adverse effects on the oral
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functions and musculatures. At least six months had elapsed from the last extracted teeth before implant placement. The
treatment was accepted by all patients, and they have provided written accepted consent according to the declaration of
Helsinki. This has been approved by the Ethics Committee of the University Institutional Review Board (No.AUFDREC/
19-022).

Clinical Protocol
Preoperative panoramic radiograph and cone-beam computed tomography (CBCT) were made for all patients to examine
bone height and conclude a preliminary idea about bone quantity and quality. Maxillary and mandibular complete dentures
were delivered to all patients. Standard conventional laboratory and clinical techniques were followed during dentures
construction. For adaptation, patients have been informed to utilize their complete dentures 3 months after delivery. CBCT
was taken using a radiographic template to determine the availability of bone height and buccolingual width for implant
placement. Quality of bone, especially at the expected sites of the implant, was determined and the position of the mental
foramen was also detected. All patients have obtained two tapered, self-tapping, endosteal implants (3.6 × 11.5 mm) in the
mandibular canine areas (Dayan Dental Engineering BV, Holland). Implants were installed by flapless surgical procedures and
were kept submerged for three months for osseointegration. The implants were exposed after 3 months, and the cover screw of
the implant was unthreaded and replaced by a healing collar. The fitting surface areas opposing the healing collars were
relieved to accommodate the healing collars. After ten days the healing collars were replaced by ball and socket attachments
(Dyna Dental Engineering BV, Holland). The fitting surface of the lower denture was relieved to adapt to the female housing of
attachments; self-cured acrylic resin was placed in the relieved sites for the pick-up. The patient was instructed to bite lightly in
centric occlusion until polymerization was completed. Patients have received 2 ball/socket attachments attached to 2 dental
implants supported mandibular overdenture, Figure 1.

Follow-Up Appointment
Before follow-up appointments, many protocols need to be considered and integrated into a comprehensive and concise
protocol. All patients were carefully assessed. If patients exhibit a fever of more than 37.5°C, symptoms such as cough,
runny nose, phlegm, sore throat, muscle pain, shortness of breath, and a travel history within 2 weeks from regions or
countries showed high risk or had new contact with a patient infected with COVID-19, they did not allow access. If
asymptomatic patients evade screening, the extensive wearing of personal protective equipment should be accomplished.
Face masks, goggles, gloves, disposable gowns, surgical scrubs, and clothing should be changed frequently, also patients’
companions were avoided as much as possible. Proper disinfection and sufficient room ventilation were achieved. For
room disinfection, ethyl-alcohol (78%) is considered to be the most effective.26–28

OHRQoL, radiographic estimation, and clinical measures were done for all patients after implants loading. Patients
used their dentures for 5 years as follow-up periods. OHRQoL and intraoral indirect digital periapical radiographs were

Figure 1 Two dental implants at canine areas of the mandibular ridge.
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made at loading and every 1 year for 5 years. Meanwhile, clinical measures were made at loading and every 6 months for
60 months as follows:

Measurement of (OHRQoL)
The OHIP-EDENT is used to measure OHRQoL. It comprises 7 items as (Appendix 1). 1: functional limitation; FL = 3
items, physical pain; P1 = 4 items, psychological discomfort; P2 = 2 items, physical disability; D1 = 3 items,
psychological disability; D2 = 2 items, Social disability, D3 = 3 items, and handicap; H = 2 items. Patients replied by
recording how their oral problems had affected their activities (0: never, 1: hardly ever, 2: occasionally, 3: fairly often,
and 4: very often). The total OHIP-EDENT is the sum of patients’ replays to each item. The OHIP-EDENT is scored
between 0 and 76; where 0 represented the maximum positive score (high quality of life) and 76 represented the worst
score (low quality of life).29 The OHIP-EDENT was translated into Arabic by 2 translators. An Arabic version was
introduced to each patient, who was interviewed by 2 different clinicians, and the clinician registered any problems that
patients had demonstrated. After implant loading, patients were asked to complete a modified short Arabic version of
OHIP-EDENT to assess OHRQoL in patients. A single clinician carried out the oral examination and denture bearing
areas were determined at the end of the questionnaire. This was performed at every arranged follow-up appointment. The
recorded data during the follow-up period were tabulated and statistically analyzed.

Radiographic Assessment
Intraoral Indirect Digital Radiographic Measurements
The radiographic template was constructed for each patient from auto-polymerized acrylic resin. Then, the template for
radiographic evaluation was tried intraorally and checked for extension, stability, and fitting with the opposing occlusion.
Assessment of mesial and distal bone heights for each implant was carried out at follow-up periods. The Orix x-ray machine
(Orix-Aet, ARDET, S.V.R., Milano, Italy) was used for radiographic exposure at 65-kilovolt, 10-milliampere, for 0.4 seconds
for the mandibular ridge to provide standardized radiographs. Exposure items were constant for all patients at the baseline and
the follow-up intervals. The film holder with the mounted image plate was placed inside the prepared area of the radiographic
template so that the central x-ray beamwas perpendicular to the plate. Then, Digora’s computerized system, image processing
software (Orion Corporation, Soredex Medical Systems, Helsinki, Finland), was used to calculate measurements of bone
height. The exposed image plate was loaded into the scanner, which reads the image and converts it to digital form. After
completion of the readout, the new read image was evaluated, re-took or enhanced, and/or finally saved on the previously
prepared active patient card as needed. Images were exported in the Joint Photographic Experts Group (JPEG) file format. For
each patient, information including the patient’s name, age, radiographic images, and other data was registered and saved in
a specific card for the patient. The saved images of each patient were examined and analysed to study the changes in the
amount of mesial and distal marginal bone levels. Image analysis measurements for MBL were performed. The implant
shoulder and the crest alveolar bone were used as reference points. The extent between the 2 reference points, which represents
the total marginal vertical loss of bone, was recorded mesially and distally. The extent from the apex of the implant to the
shoulder of the implant was measured, which was then used to divide the original length of the implant from the finish line to
the apex to calculate the magnification factor. The magnification factor was then multiplied by the measured distance mesially
and distally of the implant to derive the actual distance of bone loss. This was performed at every arranged follow-up
appointment. The recorded data during the follow-up period were tabulated and statistically analysed.

Clinical Evaluation
Probing Pocket Depth Measurement
Hawe Neos colour-coded (3/5/7/9 mm) plastic periodontal probe with flexible tip (Kerr, Lugano, Switzerland) specially
designed for measuring pocket depth around implants was used. The probe was placed parallel to the implant’s long axis
and kept in contact with the implant surface. The gap between the gingival margin and the tip of a plastic periodontal
probe was recorded as probing pocket depth (PD). The PD measurements are recorded for 4 specific sites on each
implant in the following sequence: facial, lingual, mesial, and distal. Only one reading per site is recorded. PD
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assessments were recorded to the closest full mm, recorded on a periodontal chart and become a permanent part of the
patient chart. The average of right and left implant assessments for every patient was statistically analysed.

Implant Stability Measurement
Implant stability (IS) was estimated with the ISQ assessment scale and RFA. The assessment was carried out by Osstell ISQ
(Osstell AB, Gothenburg – Sweden). ISQ values are (1–100). When the ISQ value increased, the stability of the implant
increased. The following steps were achieved: Ball attachment was unscrewed and a smart peg specially supplied for the
previously used implants (smart peg number 27) was attached to the abutment utilizing the smart peg mount. A finger-tight
connection should be present, nearly 4–6Ncm tightening torque. The hand of the assessment probewas held near the smart peg at
a proximity-free gap to ensure that the probe tip was directed to the summit of the smart peg magnet. The smart peg was
stimulated with the probe magnetic pulses. An audible sound was heard when the measurement was recorded. The value of ISQ
appeared on the display. Two perpendicular measurements were achieved, the highest and the lowest ISQ values. Occasionally,
two values of ISQ were very close, or even identical, if not, the mean of both values was used for statistical analysis. ISQ values
were recorded for each patient, the smart peg was removed and the ball attachment was re-screwed. If at any of the mentioned
visits, the ISQ fell to 45 or lower, the implant was considered a potential failure and placed under unloaded healing for 12 weeks
before repeat stability testing. The average of right and left implant assessments for every patient was statistically analysed.

Statistical Analysis
SPSS 20 was used to analyse the computerized data. Shapiro–Wilk normality tests were carried out for constant variables
and normally distributed data was disclosed. The mean value and standard deviation were used to represent the
quantitative data. To clarify the significance of differences between the means of three or more groups in which the
same patients presented in each group, repeated ANOVA test and Friedman test were used. Bonferroni tests were used for
pairwise comparisons. The results were found to be significant at a p-value ≤0.05.

Results
Patients
Forty patients, who had 80 implants, were selected for this study. Three patients, one female and two males, discontinued
the follow-up period. A male patient had a brain stroke after two years of implant loading and could not continue to
follow-up periods, a male patient refused to continue the follow-up periods after one year, and a female patient died due
to infection with Covid-19 after four years of the follow-up period. Eventually, thirty-seven patients had 74 implants;
with mean age 56 ± 3.6 years; 43% females (n = 16) and 57% males (n = 21) accomplished the study.

Reported Outcomes During COVID-19
The follow-up period from July 2019 to July 2020, 5th year of follow-up, was completely missed. The complete
lockdown was introduced during this period to increase social distancing and address the present world crisis. The
5th year follow-up period was postponed 6 months till the end of lockdown in December 2020.

Measurement of (OHRQoL)
The OHIP-EDENT included 7 items: FL, P1, P2, D1, D2, D3, and H, which were computed for all patients after implants
loading and every 1 year for 5 years. The mean FL, P1, and P2 were “hardly ever (1)” at loading, after 1st, 2nd, and 3rd
years then it became worse “occasionally (2)” after 4th and 5th years. There were statistically significant differences after
5 years follow-up periods on each of these subscales, p ≤ 0.05. The mean D1 and D2 were “hardly ever (1)” at loading,
after 1st, 2nd, 3rd and 4th years then it became worse “occasionally (2)” after 5th years. There were statistically
significant differences after 5 years follow-up periods on each of these subscales, p ≤ 0.05. The mean D3 and H were
“never (0)” at loading, after 1st, 2nd, and 3rd years, then it became worse “hardly ever (1)” after 4th and 5th years. There
were statistically significant differences after 5 years follow-up periods on each of these subscales, p ≤ 0.05. Regarding
the mean of the total score of OHIP-EDENT, there were statistically significant differences after 5 years follow-up
periods, p≤ 0.05, Table 1 and Figure 2.
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Radiographic Measurements
The MBL was measured for all patients since implants loading and every 1 year for 5 years. The mean MBL for the
mesial, distal, right, and left measurements was increased from 1st year till 5th year in patients who had delayed loading
implant-retained mandibular overdenture; MBL.1y < MBL.2y < MBL.3y < MBL.4y < MBL.5y, Figure 3. There were
statistically significant differences in MBL after 5 years follow-up periods, p ≤ 0.05, Table 2 and Figure 4.

Probing Pocket Depth Measurement
Changes in soft tissue including probing pocket depth and implant stability in delayed loading implant-retained
mandibular overdenture were measured for all patients at loading and every 6 months for 60 months follow-up periods.
The mean probing pocket depth (PD) was increased since loading and every 6 months for 60 months; PD.6m< PD.12m<
PD.18m< PD.24m< PD.30m= PD.36m>PD.42m< PD.48m< PD.54m> PD.60m. There were statistically significant
differences in probing pocket depth after 60 months follow-up periods, p ≤ 0.05, Table 3 and Figure 5.

Table 1 The OHIP-EDENT During 5 Years Time Intervals

- Patients (n = 37)
- Follow Up Periods (at Loading - 5 Years)

Mean (±SD) P-value

At Loading 1 Year 2 Years 3 Years 4 Years 5 Years

Functional limitation (FL) 1.43±0.52 0.94±0.58 0.93±0.57 1.21±0.56 1.52±0.57 2.07±0.80 0.001*

Physical pain (P1) 1.27±0.42 1.07±0.59 0.97±0.48 1.32±0.62 1.63±0.61 1.97±0.48 0.002*
Psychological discomfort (P2) 1.20±0.43 0.87±0.64 0.80±0.77 1.33±0.62 1.54±0.63 1.90±0.66 0.002*

Physical disability (D1) 1.26±0.46 0.93±0.70 0.87±0.64 1.07±0.26 1. 60±0.25 1.8±0.77 0.01*

Psychological disability (D2) 1.13±0.35 0.60±0.51 0.53±0.32 1.00±0.53 1.01±0.54 1.67±0.49 0.001*
Social disability (D3) 0.94±0.26 0.74±0.47 0.74±0.52 0.60±0.51 0.62±0.50 1. 70±0.46 0.01*

Handicap (H) 0.93±0.59 0.52±0.46 0.51±0.40 0.53±0.32 0.52±0.41 1.13±0.50 0.009*

Total score 8.2±2.15 5.67±2.5 5.35±3.23 7.06±3.42 7.9±3.51 12.24±4.16 0.001*

Note: *Significant.
Abbreviation: SD, standard deviation.

Figure 2 The total score of OHIP-EDENT during 5 years time intervals.
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Implant Stability Measurement
Implant stability (IS) was increased since loading and every 6 months for 60 months; IS.6m< IS.12m> IS.18m< IS.24m>
IS.30m< IS.36m> IS.42m< IS.48m< IS.54m<IS.60m. There were statistically significant differences in implant stability
after 60 months follow-up periods, p ≤ 0.05, Table 3 and Figure 6.

Discussion
That longitudinal cohort study was designed to evaluate OHRQoL, MBL, and changes in soft tissue including probing
pocket depth and implant stability in delayed loading 2 implants retained mandibular overdenture during 5 years follow-
up periods in COVID-19 pandemic.

The study was designed with standardized inclusion and exclusion criteria. Parameters that can affect the results of
the study as; patients’ age, bone quantity, and quality, implant design, surgical procedures, and loading time were
standardized in the study.

This study was caught during 2019–2020 as a follow-up period in the known clinical dilemma because of the Covid-19
pandemic. Even after that, there were fear and anxiety especially among the elderly patients who were reported as higher risk
cases. During the ongoing pandemic situation, many extra precautionary measures were achieved, according to the updated

Figure 3 Radiographic measurements for delayed loading implant MBL after a: 1 year, b: 2 years, c: 3 years, d: 4 years, and e: 5 years.

Table 2 Marginal Bone Loss (MBL) During 5 Years Time Intervals

- Patients (n = 37) - Implants (n = 74)
- Follow Up Periods (at Loading-5 Years)

Mean (±SD) P-value

1 Year 2 Years 3 Years 4 Years 5 Years

- Right side (n = 37)
Mesial MBL 0.75 ±0.25 0.94 ± 0.26 1.39 ± 0.59 1.57 ± 0.55 1.81 ± 0.59 0.001*

Distal MBL 0.54 ± 0.24 0.73 ± 0.23 1.06 ± 0.38 1.68 ± 0.71 1.85 ± 0.73 0.001*

- Left side (n = 37)
Mesial MBL 0.60 ± 0.20 0.79 ± 0.20 1.13 ± 0.28 1.39 ± 0.31 1.60 ± 0.34 0.001*

Distal MBL 0.53 ± 0.28 0.74 ± 0.27 1.07 ± 0.31 1.36 ± 0.43 1.59 ± 0.38 0.001*

- Mean MBL (n = 74) 0.61±0.24 0.80±0.25 1.16±0.39 1.50±0.50 1.71±0.51 0.001*

Note: *Significant.
Abbreviation: SD, standard deviation.
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guidelines, to avoid coronavirus transmission. These procedures such as checking body temperature, reducing exposure of the
patients and period in the dental clinic, efficient surfaces’ cleaning with H2O, and 1% NaCl following every patient.27,28

Since installation and loading of implant, implants were survived and attained the success criteria for the accepted
implant. All of the 74 implants survived in good function with healthy overlying soft tissues and without any signs of
infection, mobility around the implants, or pain; the survival rate was 100%. There was not any persistent radiolucency
around the mesial or distal sides of the implant as shown radiographically.

The implant survival rate from loading to 5 years follow-up period was 100%. This result was in agreement with
a result found that; at 5-years results of delayed loading implants in disparate designs, implants’ survival rate was 98.3–
100%.30

In this longitudinal cohort study, a two-stage loading procedure of implant was escorted. It was revealed that delayed
loading of an implant is correlated with high bone healing and is essential when there is less bone quality. Meanwhile, the
results of another study revealed that delayed and immediate implant loading procedures provide the same results as
implant-supported lower overdenture.14,31,32

Figure 4 The mean of MBL during 5 years time intervals.

Table 3 Probing Pocket Depth and Implant Stability During 5 Years Time Intervals

- Patients (n = 37)
- Implants (n = 74)
- Follow Up Periods
(at Loading-60
Months)

Mean (±SD) P value

At
Loading

6 M 12 M 18 M 24 M 30 M 36 M 42 M 48 M 54
M

60
M

- Probing pocket
depth

1.5

±0.37

1.3

±0.47

1.6

±0.09

1.90

±53

2.3

±0.27

2.4

±0.21

2.4

±0.17

2.1

±0.45

2.4

±0.23

2.5

±0.9

2.2

±0.6

0.003*

- Implant stability 68.29

±6.99

71.57

±5.35

73.29

±5.02

73.14

±4.59

74.14

±4.81

74.00

±4.24

74.57

±4.35

74.43

±4.31

76.14

±2.64

76.5

±3.8

77.7

±3.3

0.004*

Note: *Significant.
Abbreviation: SD, standard deviation.
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Regarding the results of the current study, the first null hypothesis of no difference in OHRQoL in delayed loading
implant-retained mandibular overdenture during 5 years follow-up periods was rejected. Statistically significant differ-
ences were noticed in the total scores of OHRQoL during 5 years of follow-up intervals. The OHRQoL improved from
loading to 1st year then the treatment effect was stable overtime till 4th year than worsen in the 5th year of follow-up.
These might be attributed to patients being informed to utilize their complete dentures 3 months after delivery for

Figure 5 The mean of probing pocket depth during 60 months time intervals.

Figure 6 The mean of implant stability during 60 months time intervals.
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adaptation before implant installation and another 3 months after implant installation for osseointegration. At loading
OHRQoL scores were worse as they were affected by complete dentures effects on the treatments than they improved
after 1 year of loading as the presence of implants has improved mandibular overdentures stability, retention, and
effectiveness. Then, the treatment effect was stable over time till the 4th year then worsens in the 5th year of follow-up.
This might be due to, with time mandibular overdentures and maxillary complete dentures need maintenances as relining,
rebasing, repair, and correction of occlusal problems which affected the scores of OHRQoL to worsen in the 5th year of
follow-up. That was in accordance with the study which found that, 2 months after delivery of 2 implants retained lower
overdenture and an upper complete denture, the patients expressed better oral function compared with those who had
upper and lower complete dentures, also the implant group expressed better OHRQoL.11,33

The second null hypothesis of no difference in MBL in delayed loading implant-retained mandibular overdenture
during 5 years follow-up periods was rejected. There were statistically significant differences in mean MBL during 5
years follow-up periods. The MBL was increased during 5 years follow-up periods. In this study, the mean MBL after
5th-year follow-up was (1.71±0.51mm). This was in agreement with 5 years results of a study; MBL in different types of
implants in implant-retained overdenture was 0.69–1.74 mm. It was reported that MBL measurements were 1 mm or less
after 1st year of implant delivery, which can be due to measurement’s limitations more than biological factors.6,14,34

The third null hypothesis of no difference in soft tissue condition including probing pocket depth or implant stability
in delayed loading implant-retained mandibular overdenture during 5 years follow-up periods was rejected.

There were statistically significant differences in mean probing pocket depth during 5 years follow-up periods. The
probing pocket depth was increased during 5 years follow-up periods. It was found that, in general, pocket depths around
the implant should be ≤5 mm, and probing depths were increased from loading due to implantitis and mucositis around
the implants. In this study, all pocket depths measured around the implants showed a pocket depth ≤4 mm. It was
reported that peri-implant probing depths may be a poor diagnostic tool, if not associated with signs and/or symptoms,
such as purulent exudate, bleeding, radiographic radiolucencies, discomfort, or pain. Accordingly, crestal bone loss over
time is associated with increased probing depths, but there is no evidence of an endosteal implant disease.25,35,36

There were statistically significant differences in mean implant stability during 5 years follow-up periods. The
implant stability was increased during 5 years follow-up periods. This was in agreement with a study which found
that patients with insufficient quality of bone and extended length of the implant could obtain great primary stability of
the implant. It was observed that after completion of osseointegration in 72 self-tapping implants there was a gradual
increase in implant stability and ISQ values from surgery up to 5 years. Also, it was reported that the implant stability at
the beginning changed due to bone compression created by mechanical factors such as bone relaxation, biological
variations through bone recovery, and starting from resorption of crestal bone.14,16,36

Conclusion
Within the parameters of this study design, mandibular overdentures retained by 2 implants provide a positive long-term
effect on OHRQoL, MBL, probing pocket depth, and implant stability.

Data Sharing Statement
Datasets related to this article will be available upon request to the corresponding author.
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