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ABSTRACT

Objectives: To evaluate the treatment outcomes and patient satisfaction following the use of fixed, imme-
diately loaded, basal implant- reconstructive prostheses in a cohort of patients who underwent marginal
mandibulectomy.

Methods: Ninety-seven Basal Cortical Screw implants (BCS®1 ; Dr. Ihde Dental AG, Gommiswald,
Switzerland) were inserted in 15 marginal mandibulectomy patients. Clinical, radiographic, and pros-
thetic parameters, as well as patient satisfaction, were evaluated at 1 week and 3, 6, 9, 12, 18, 24, 36, 48,
and 60- months after implant insertion. Clinical evaluations included measurement of the plaque (PI)
and modified gingival indices (MGI), and the probable pocket depth (PPD). Implant survival and implant
success were assessed using the James—Misch implant health quality scale and the Albrektsson criteria
for implant success.

Results: The implants showed optimum health with 100 % survival and success rates. None of the implants
were mobile, lost, or fractured. There was a non-significant increase in the PI at 3, 6, 9, 12, 18 months, a
significant difference at 24, 36, 48, 60-months follow-up visits, and a significant decrease in the MGI and
PPD. Radiographic findings showed an increase in bone-implant contact and peri-implant bone level.
Evaluation of the prostheses revealed some manageable complications. All patients were satisfied and
reported that they would choose the same treatment modality again.

Conclusions: Basal implant- reconstructive prostheses provide optimum clinical and radiographic success,
with 100 % implant survival and success rates, and patient satisfaction in marginal mandibulectomy cases.
©2021 Asian AOMS, ASOMP, JSOP, JSOMS, JSOM, and JAMI. Published by Elsevier Ltd. All rights reserved.”

1. Introduction

quality of life [1-5]. Marginal mandibulectomy involves resection
of part of the mandibular bone and its overlying soft tissues, leaving

Maxillofacial defects, including defects attributable to marginal
mandibulectomy, are usually associated with esthetic and func-
tional disfigurement, which adversely affects the patient’s
psychological state, mastication, comfort, esthetics, speech, and

Abbreviations: BCS®, Basal Cortical Screw implants; MGI, Modified Gingival
Index; PI, Plaque Index; PPD, Probable Pocket Depth.
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the inferior border intact to maintain continuity [1,3]. In the past
few decades, several surgical techniques [4-7] have been consid-
ered for the reconstruction of mandibular defects, ranging from no
reconstruction, with only primary closure of the overlying soft tis-
sues [6,7]; the use of reconstructive plates and meshes [4,6-8]; to
the use of non-vascularized or vascularized bone grafts [3,2-5,7,9].
The choice among these techniques is dictated by many factors,
which have been described in previous studies [2-4,7,8]. These
factors include mainly the location and extent of the resection
[2,4,7], the nature and stage of the disease [2], the amount of resid-
ual soft and hard tissues [2,4], the use and impact of radiation
and chemotherapy on the remaining oral cavity structures [2,3,8],
the degree of salivary gland impairment [2], the patient’s age and
medical condition [2], surgical expertise and the availability of a
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multidisciplinary team approach [2], and finally, patient preference
[7].

The ultimate goal of mandibular reconstruction is to retain
the previous external appearance of the patient [2], restore the
resected oral structures [2,3], improve mastication and phona-
tion [2], control the dripping of saliva, enhance and/or maintain
tongue mobility, thereby improving patients’ quality of life [1,2,9].
For partially edentulous patients, removable reconstructive appli-
ances can be fabricated, and their success is primarily dependent
on the number and condition of the remaining teeth, the quality
and quantity of the residual bone and soft tissue after mandibulec-
tomy, the location of the defect, the inter-occlusal space, the degree
of tongue mobility impairment, and finally, patient acceptance
[1]. When adequate residual bony support and multiple healthy
remaining teeth are present, removable reconstructive appliances
can be used with a predictably successful result [1,2,10]. In con-
trast, cases with compromised ridges and tooth support are poor
candidates for the use of removable reconstructive appliances
[1,2].

Considering the intra-oral anatomy, prosthodontic treatment is
more challenging for anterior than for posterior defects, because
compromised tongue mobility is associated with loss of the
genioglossus and geniohyoid muscles [9]. In addition, many com-
pletely edentulous patients with anterior defects present with
obliterated mandibular sulci that clearly compromise the pros-
thesis stability, retention, and support, thus increasing patient
discomfort [1]. In patients undergoing mandibular resection, when
a prosthesis cannot be inserted with satisfactory stability, it may
be advantageous to use endosseous implants to improve pros-
thesis stability, retention, support, and patient quality of life
[1,9-16].

The limited amount of residual bone after resection, the prox-
imity of vital adjacent structures, such as the inferior dental nerve,
the interocclusal space, as well as the addition of radio- and/or
chemotherapy as a treatment modality for oral cancer, may com-
promise the use of conventional endosseous implants [1,5,11,12].
Consequently, implant therapy may involve bone augmentation
from the fibula, tibia, or ribs to improve the bony foundation area,
which adds complications related to the augmentation procedure
to those associated with a susceptible implant [1,8,12]. Moreover,
bone grafting itself is an invasive two-step surgery that is associ-
ated with a significant increase in the possibility of complications
related to donor site morbidity, graft infection, grafted bone resorp-
tion, increased cost, the need for maxillofacial team expertise, and
appropriate facilities [1,4,5,12,17].

In elderly and completely edentulous patients, these prob-
lems are exacerbated, since the patients usually have a severely
atrophied mandible, inadequate vestibule [1], and a complicated
medical situation, making them poor candidates for major recon-
structive treatment [14]. Hence, there is an increased need for a less
invasive procedure with fewer complications that can still provide
a stable and retentive prosthesis.

With advances in the development of dental implants and the
introduction of different implant designs and systems, including
basal implants, bone grafting procedures may no longer be oblig-
atory [18-30]. The initial stability of these implants is achieved
through anchoring into the cortical/basal bone, which makes this
implant design advantageous for treating patients with maxillo-
facial defects [18-30]. Basal Cortical Screw (BCS®) implants are
a special type of crestal basal implants characterized by use of a
crestal insertion approach, similar to other endosseous implants.
These implants contain horizontal plates that anchor deeply into
the basal bone. They are one-piece implants with unique charac-
teristics, such as a small penetrating guiding tip that is used to
centralize the implant and that reduces blood supply interrup-
tion at the osteotomy site, and a smooth polished vertical shaft

that allows transmission of the masticatory occlusal load deeply
into the strongest basal bone and that prevents plaque accu-
mulation and consequent peri- implantitis. Moreover, it has an
iso-elastic property that permits implant bending without affecting
implant survival rate [18-20,31]. Thus, these screws facilitate the
use of immediately functional fixed implant-supported prostheses
[18-30].

Several studies [17-30] have reported the use of basal implants
as an alternative to bone grafting in severely resorbed ridges.
Lazarov [20] assessed a series of 87 consecutive patients who
received 1169 immediately loaded, one-piece Strategic Implants®
for supporting fixed complete-arch or segmental maxillary and/or
mandibular metal-ceramic bridges. He found that the cumulative
survival rate of BCS® implants was 97.5 % after 48-57 months of
follow-up, with no signs of peri-implantitis. Furthermore, Ahmad
et al. [22] described a successful full-mouth rehabilitation of a 24-
year-old patient with cleidocranial dysplasia by using immediately
loaded basal implant-supported fixed prostheses. After 3 years of
function, the patient showed excellent oral health and reported her
satisfaction with the esthetic and functional aspects of the pros-
theses. Osman et al. [23] reported the successful rehabilitation of a
22-year-old female patient who underwent with subtotal maxillec-
tomy and in whom immediately loaded basal implant-supported
fixed prostheses were used. Ghalaut et al. [24] highlighted the
successful use of 18 single-piece BCS® implants to accomplish an
immediate-function full-mouth rehabilitation of a severely peri-
odontally compromised patient. Singh et al. [25] also reported the
successful use of BCS® implants in a freshly extracted socket of a
grossly carious, hemisected first molar.

Nevertheless, there is a gap in knowledge regarding the use and
outcomes of immediately loaded, fixed, basal implant-supported
prostheses as a treatment alternative for the rehabilitation of
patients undergoing marginal mandibulectomy. To our knowl-
edge, this is the first study investigating the use of the basal
implant -reconstructive prostheses in patients with marginal
mandibulectomy, which still present challenges for both max-
illofacial surgeons and prosthodontists with relatively limited
prosthetic treatment options. The aim of this study was to eval-
uate the treatment outcomes (survival rate, success rate, hard and
soft peri-implant tissue health, patient satisfaction, and prosthetic
and surgical failure) of immediately loaded, fixed, basal implant-
reconstructive prostheses in the treatment of patients who had
undergone marginal mandibulectomy over 60-months follow-up
period.

2. Methods
2.1. Sampling technique

This longitudinal prospective study was conducted at the
department ofimplants in authors Dental Hospital. Ethical approval
was obtained from the Ethics Committee of the hospital as well
as the Ethics Committee of the Ministry of Health of the authors
(number: WK/OS/AETEA/44).

The investigation was conducted according to the principles
embodied in the Helsinki Declaration of 1975 for biomedical
research involving human subjects, as revised in 2004. Each patient
was informed about the treatment plan and asked to participate in
the study voluntarily. Written informed consent was acquired from
all participants.

We included patients who underwent marginal mandibulec-
tomy without bone grafting (only primary closure of the wound),
who were indicated for implant treatment at the Oral Maxillofa-
cial Department, and who met the following criteria: A history
of marginal mandibulectomy at least 1year prior to the study;
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age > 18 years; severely compromised teeth and/or residual
ridge support and precluded bone grafting procedure, a his-
tory of an unsatisfactory removable reconstructive prosthesis, a
request for a fixed prosthesis and/or a conservative treatment
approach, medical ability to undergo implant surgery; and will-
ingness to participate in the study. Patients who had received
radiotherapy after mandibulectomy within the past year were
excluded.

The included patients were treated by a single expert maxillofa-
cial surgeon [more than 10 years] and a single prosthodontist [more
than 10 years] using the same technique for all patients.

2.2. Pre-surgical preparation

Complete medical and dental history of the patients was
recorded, after which the patients underwent comprehensive clin-
ical assessment. Photographs (Figs. 1, 2 ), digital dental panoramic
X-rays were acquired for each patient. (Planmeca Pro Max, Helsinki,
Finland) (Fig. 3) A diagnostic cone-beam radiograph was used to
verify the position of the inferior alveolar nerve. Before the implant
procedure, a diagnostic wax-up was fabricated for the patients
using the steps described below to evaluate the patient’s esthetics
and to determine the accurate teeth positions.

A primary impression was taken using alginate irreversible
hydrocolloid impression material (Hydrogum-www.zhermack.
com) and a stock tray. The impressions were poured at room tem-
perature. A special tray was constructed of self-cured acrylic resin
material (Lucitone Fas-Pro+; Dentsply Sirona, York, PN, USA). From
the same study cast, a record block was constructed using self-
cured acrylic resin and a wax occlusion rim. The level of the occlusal
plane and the amount of lip support were adjusted according to
the esthetics to 2 mm below the lower lip and parallel to the ala-
tragus line laterally. An ear bow record (ADDler FB-1500; Cori Dent,
Tokyo, Japan) was used to articulate the maxillary cast in a semi-
adjustable articulator. The vertical dimensions at rest and occlusion
were recorded, and the maxillary and mandibular casts were artic-
ulated using the centric relationship. The diagnostic wax-up was
fabricated, try-in was performed, and the patient’s approval was
obtained. The diagnostic wax-up was processed using heat-cured
acrylic resin to act as a temporary removable mandibular recon-
structed prosthesis.

2.3. Surgical procedure

A total of 97 BCS® implants (Dr. Ihde Dental, Gommiswald,
Switzerland) were inserted in 15 patients using a one-stage implant
protocol. Implant osteotomies were performed using infiltration
local anesthesia (lidocaine 2% with 1:100000 concentration of
epinephrine; Spain) and flapless techniques. The number and
location of implants used depended on the anatomic and morpho-
logic conditions of the residual bone after resection. The inserted
implants had a diameter of 3.5 or 4.5 mm and a length of 10-23 mm.
(Fig. 4 a, b) The primary stability was assessed using the reverse
torque technique at 35 N/cm. Since implants have iso-elastic prop-
erties and can be bent [18,20,31], the irregular implants were bent
using bending tools of the corresponding implant system to ensure
favorable prosthetic alignment [18,20,31]. Per oral amoxicillin and
clavulanate potassium 1 mg (Megamox; HIKMA, Amman, Jordan),
and diclofenac potassium 50 mg (Rapidus; Tabuk, Kingdom of Saudi
Arabia) were prescribed.

2.4. Prosthetic procedure
Immediately after implant placement, impression copings were

inserted and secured to the implant’s head (abutment). Final
impressions were taken using a monophase vinyl polysiloxane

Fig. 1. Clinical presentation of patient code no 03.

A. Extra-oral frontal view of the patient showing a depressed right cheek after
mandibulectomy.

B. Extra-oral lateral view of the patient.

C. Intra-oral view of the patient showing reduced ridge height after right marginal
mandibulectomy.

impression material (VPS; Ivoclar Vivadent AG, Schaan, Liechten-
stein) and poured using type IV dental stone (Elite Rock, Zhermack,
Badia Polesine, Italy) at room temperature. On the next day, a metal
framework splinting the implants was constructed and tried in
the patient’s mouth, and the passive fit was ensured. This frame-
work helped to splint the implants and ensure better biomechanical
force distribution and passive fit [32-34]. The jaw relationship
was assessed, a prosthesis try-in was performed, an acrylic veneer
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Fig. 2. Clinical presentation of patient code no 02.

A. Extra-oral frontal view of patient code no 02.

B. Intra-oral view of the patient showing reduced ridge height after marginal
mandibulectomy and obliterated mandibular sulci anteriorly.

material was used to compensate for the hard and soft tissue
loss, and the finished prosthesis was delivered on the third day.
The extension, stability, esthetics, jaw relationship, and patient
acceptance of the prosthesis were evaluated, and once considered
satisfactory, the final prosthesis was cemented using Fuji I glass
ionomer luting cement (GC Corporation, Tokyo, Japan) (Fig. 5). The
labial and lingual denture bases were convex and concave, respec-
tively, highly polished, and did not extend to the full depth of
the sulcus in order to prevent food entrapment, allow good oral
hygiene, give access to saliva for removing any food remnants, and

Fig. 4. The distribution of the basal cortical screw (BCS®) implants.
A. Clinical intra-oral view of patient code no 03 showing the implant distribution.
B. Clinical intra-oral view of patient code no 02 showing the implant distribution.

permit the identification of any abnormal changes in the soft and
hard tissues at the resection site. Digital dental panoramic radio-
graphs were acquired postoperatively. Moreover, a cone beam CT
was obtained when there is a risk of Inferior Dental Nerve involve-
ment (Figs. 6,7 ).

Oral hygiene instructions were given to the patients, including
the use of a very soft small interdental toothbrush to clean the
bottom of the prosthesis and of mouth wash to ensure washing
away of food remnants through the hygienic space provided by
the prosthesis. Patients were recalled after a week and examined
both clinically and radiographically. The measurements obtained
at this time point were considered as baseline values. Patient com-
plaints were also dealt with at this stage. Moreover, the patients
were scheduled for a follow-up program at 3, 6, 9, 12, 18, 24, 36,
48, and 60 months. At each follow-up visit, patients were examined
both clinically and radiographically.

Fig. 3. Dental panoramic view before implant insertion (pre-treatment), showing the right marginal mandibulectomy of patient code no 03.
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Fig.5. The final fixed, immediately loaded maxillary and mandibular basal implant-
supported prostheses.

A. Clinical intra-oral view of patient code 03. Note the extension of the prosthesis
and the hygienic space.

B. The extra-oral view of patient code no. 03.

C. Intra-oral view of patient code 02.

D. Extra-oral view of the patient code 02.

2.5. Outcome variables and measurements

Implant survival rate was determined according to a previous
report [35]. Implant survival was defined as the presence of the
implant inside the mouth at the time of examination [35].

Implant success rates were assessed using the modified
James-Misch health implant quality scale [35] (success/optimum
health, satisfactory survival, compromised survival, or failure) and
the Albrektsson criteria [36] for implant success (peri-implant bone
resorption < 1.5 mm in the first year of function and < 0.2 mm in
subsequent years, as well as absence of suppuration, peri-implant
infection, continuous pain, implant mobility, and evidence of peri-
implant radiolucency) [36].

Clinical examination of peri-implant soft tissues was performed
and recorded at each follow-up appointment, and included mea-
surement of the plaque index (PI) as described by Mombelli et al.
[37] (score 0: no detection of plaque; 1: plaque can be detected
by running a probe across the implant; 2: plaque can be seen by
the naked eye; and 3: an abundance of plaque). The modified gin-
gival index (MGI) was measured in accordance with the modified
Loe and Silness criteria [38] (score 0: normal peri-implant mucosa;
1: mild inflammation, a slight change in color, and slight edema;
2: moderate inflammation, redness, edema, and glazing; and 3:
severe inflammation, marked redness and edema, and ulceration).
The presence (score 1) or absence (score 0) of calculus around the
implant was recorded both labially and lingually, using the calcu-
lus index (CI). Probable pocket depth (PPD) was measured from
the mucosal margin to the bottom of the probable pocket in mil-
limeters using a short shank probe with gentle pressure [38]. Since
the prosthesis had a hygienic design, there was a space between
the prosthesis flange and the mucosa that allowed the introduc-
tion of a short shank probe. Probing was performed using gentle
pressure, and in cases wherein complete peri-implant soft tissue
healing around the implants had occurred, the pocket depth was
considered to be 0 mm, and introduction of the probe was strictly
avoided in accordance with the “Consensus on probing around
basal implants” recommendations [39].

The prosthesis was examined for the following characteris-
tics: prosthesis mobility and de-cementation, lip support, extent
of tooth exposure, fracture of the veneer material, and unnatural
wear of the opposing dentition.

Radiographic evaluation was performed using the same stan-
dard digital panoramic views and by the same technician to detect
implant loss and/or fracture and evaluate the bone-implant con-
tact (BIC) and peri-implant bone level. To ensure standardization,
the same machine was used for all assessments.

Patient satisfaction was evaluated by asking patients about their
overall satisfaction and their satisfaction in relation to esthetics,
mastication, phonation, comfort. These parameters were consid-
ered the most commonly used variables to assess satisfaction
[20,40]. The patients were also asked if they would choose the same
treatment again using Yes/No answer-type questions.

2.6. Intrarater reliability test

The intrarater reliability of a single investigator was evaluated
using repeated measurements obtained at different intervals. The
reliability scores were 0.7, 1.0, 0.7, and 0.9 for the PI, CI, MGI, and
PPD, respectively.

2.7. Statistical analysis

All data were recorded on patient evaluation sheets and statis-
tically analyzed using Statistical Package for Social Sciences SPSS
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Fig. 6. The post-operative and follow up radiographs of the patient code no 03.

A. The panoramic radiograph of the patient at the 1-week follow-up visit (baseline).

B. Cone beam CT of patient code no 03, verifying the implant position in relation to the Inferior Alveolar Nerve at the area of: I. 46. 1. 46. 111.43. IV. 42. (Note that the implant(I)

at the area 46 has been inserted at the 24-month'’s follow —up visit).

C. The panoramic radiograph of the patient at the 60 months’ follow-up visit (Note the 4th implant that has been inserted at the 24-month’s follow -up visit).

Statistics software (version 22; IBM Corp., Armonk, NY, USA). P
values < 0.05 were considered statistically significant (95 % confi-
dence interval). Categorical study data are summarized as number
(frequencies) and percentages, and continuous variables are sum-
marized using descriptive statistics (N, mean, median, standard
deviation). The Wilcoxon signed-rank test was used for compar-
ing measurements (plaque index, modified gingival index, and
probable pocket depth) between the baseline and the follow-up
visits.

3. Results

Fifteen patients, who received a total of 97 implants, were
included in this study. These patients were predominantly men
(n=10) and had a median age of 52 years (range, 38-81 years)
(Table 1).

Of the 97 BCS® implants that were placed, 48 (49.5 %) were
placed in the anterior region, 26 (26.8 %) in the premolar region,
and 23 (23.7 %) in the molar region. While 74 of the implants (76.3
%) were opposed by natural dentition, 16 (16.5 %) were opposed by
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Fig. 7. The post-operative and follow up radiographs of the patient code no 02.
A. The panoramic radiograph of the patient at the 1-week follow-up visit (baseline).

B. Cone beam CT of patient code no 02, verifying the implant position in relation to the Inferior Alveolar Nerve at the area of: 1. 46. II. 44. 111.43. V. 33. V. 35.

C. The panoramic radiograph of the patient at the 60-months follow-up visit.

other implant prostheses and six (6.2 %) by fixed prostheses; one
(1%) of the implants was opposed by missing teeth (Table 1).

3.1. Implant survival and success rate

In accordance with the modified James-Misch health scale [35],
all implants exhibited optimum health, with a 100 % success rate
considering Albrektsson’s [36] criteria for implant success and a
100 % survival rate, as none of the implants were lost.

3.2. Peri-implant tissue results

The Wilcoxon signed-rank test showed non-significant dif-
ferences in the PI between the baseline and follow-up visits
at the 3, 6, 9, 12, and 18-month follow-up visits and sig-
nificant differences at 24, 36, 48, and 60- months as com-
pared to baseline (P=0.414, P=1.0, P=0.366, P=0.09, and
P=0.491, P=0.004, P=0.011, P=0.047, and P=0.002 respectively;
Table 2).
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Table 1
Patients and implant distribution within the sample.
Patients and implants’ variables Patients/Implants Percentage%
number (n)
Male 10
Sex Female 5
Total 15 100 %
Anterior 48 implants 49.5 %
Implant distribution Premolar 26 implants 26.8%
per region Molar 23 implants 23.7%
Total 97 implants 100 %
Opposed natural dentition 74 implants 76.3%
Opposed implant supported prostheses 16 implants 16.5%
Opposing dentition Fixed prostheses 6 implants 6.2%
Missing teeth 1 implant 1%
Total 97 implants 100 %

Table 2
The mean plaque index (PI), calculus index (CI), modified gingival index (MGI), and
probable pocket depth (PPD) throughout the follow-up intervals.

Peri-Implant soft Follow up- Visit Mean SD P value
tissue Index
Baseline 0.08 0.28 -
3 months 0.06 0.24 0414
6 months 0.08 0.28 1.0
9 months 0.05 0.22 0.366
12 months 0.15 0.36 0.09
Plaue Index PI 18 months 011 032 0491
24 months 0.26 0.51 0.004
36 months 0.23 0.45 0.011
48 months 0.20 0.47 0.047
60 months 0.26 0.51 0.002
Baseline 0 0 -
3 months 0 0 1.0
6 months 0 0 1.0
9 months 0 0 1.0
12 months 0 0 1.0
Calculus Index CI 18 months 0 0 1.0
24 months 0 0 1.0
36 months 0 0 1.0
48 months 0 0 1.0
60 months 0 0 1.0
Baseline 0.67 0.66 -
3 months 0.39 0.55 0.001
6 months 0.12 0.33 0.001
9 months 0.01 0.10 0.001
Modified Gingival 12 months 0 0 0.001
Index 18 months 0 0 0.001
24 months 0.08 0.28 0.001
36 months 0.06 0.24 0.001
48 months 0.03 0.17 0.001
60 months 0.06 0.24 0.001
Baseline 2.28 1.90 -
3 months 1.55 1.47 0.001
6 months 0.84 1.02 0.001
9 months 0.32 0.65 0.001
12 months 0.16 0.40 0.001
Probable Pocket Depth 18 months 0.05 022 0001
24 months 0.11 0.32 0.001
36 months 0.21 0.41 0.001
48 months 0.14 0.38 0.001
60 months 0.22 0.44 0.001

Wilcoxon signed-rank test.

There was no change in the CI throughout the follow-up period
(P=1.0; Table 2).

There were statistically significant differences in the MGI
between the baseline and all follow-up visits (all P=0.001) accord-
ing to the Wilcoxon signed-rank test (Table 2).

Statistically significant differences were also observed in the
PPD between the baseline and all follow-up visits (all P=0.001;
Table 2).

3.3. Peri-implant bone level

Throughout the follow-up period, none of the implants were
lost, mobile, or fractured. At the end of the 60 months’ follow-up
period, both the BIC and peri-implant bone levels had increased
from the baseline levels. No features suggestive of peri-implantitis
were detected around any of the implants (Figs. 6, 7).

3.4. Prosthesis results

Only one implant superstructure showed a fracture of the veneer
material. For the same patient, the supra-structure prosthesis has
been replaced, and an additional implant has been inserted at the
24 months follow-up visit for optimum esthetic and prosthesis’s
biomechanical results (Fig. 6 b,c). There were no instances of de-
cementation, discoloration, metal-framework fracture, or wear of
the opposing dentition. The amount of lip support and the extent of
tooth exposure were acceptable in 93.3 % of the patients; lip support
and the extent of tooth exposure were compromised in only one
patient. No phonetic problems were detected in any of the patients
(Table 3).

3.5. Patient satisfaction

All patients expressed their overall satisfaction with the out-
come of the implant treatment and reported an improvement
in esthetics, mastication, phonation, comfort, and self-esteem.
They also said that they would choose the same treatment again
(Table 4).

4. Discussion

This longitudinal study analyzed the treatment outcome of
immediately loaded, fixed, basal implant-supported prostheses for
oral rehabilitation of marginal mandibulectomy patients. Implants
showed 100 % success and survival rates with an optimum peri-
implant soft and hard tissue health.

Tumor resection is a lifesaving procedure that can adversely
affect the functioning, esthetics, self-esteem, and quality of life
of patients [1]. The main goal of mandibular reconstruction is
to improve the health of patients, restore masticatory function,
and maximize the patients’ quality of life [1-5]. In comparison
to traditional removable prostheses, implants provide a superior
foundation for prosthesis retention and support [1]. In patients
who have undergone marginal mandibulectomy, conventional
implants increase the need for bone grafting, which might add
to the resultant complications [1]. In contrast, basal implants do
not require bone grafting, since they anchor into the basal bone,
which is a considerable advantage in patients with maxillofacial
defects [9,15-26]. They also permit the use of fixed implant-
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Table 3
Prosthesis evaluations parameters.
Complication type Complication Number of patients (N) Percentage%
Pain During function 1 6.7%
Continuous pain 0 0%
No pain 14 933 %
Total 15 100 %
Implant loss 0 0%
Prosthesis Mobile implant 0 0%
Complications Fractured implant 0 0%
Prosthesis de-cementation 0 0%
Prosthesis discoloration 0 0%
Veneer fracture 1 6.7%
Framework fracture 0 0%
Wear of the opposing dentition 0 0%
Lip Support Acceptable 14 933 %
Esthetic Complications Not acceptable 1 6.7%
Acceptable 14 93.3%
Amount of teeth shown Not acceptable 1 6.7%
. Acceptable 15 100 %
Phonetic Not acceptable 0 0%
Table 4
Demonstrates the patient satisfaction evaluations parameters.
Parameter Patient satisfaction Number of patients (N) Percentage %
. Satisfied 15 100 %
Esthetics Not satisfied 0 0%
N Satisfied 15 100 %
Mastication Not satisfied 0 0%
. . . . Satisfied 15 100 %
Patient satisfaction Phonation Not satisfied 0 0%
Satisfied 15 100 %
Comfort Not satisfied 0 0%
X . . Satisfied 15 100 %
Overall satisfaction Not satisfied 0 0%

supported prostheses, which do not require any contact with
the oral mucosa, eliminate the risk of mucosal irritation, prevent
frictional ulcers, and reduce mucosal pain and discomfort, as pre-
viously reported [10,41]. Takaoka et al. [10] reported the use of
removable implant-supported prosthesisin a patient with marginal
resection. During the follow-up, the patient complained of mucosal
pain and discomfort that necessitated the construction of an alter-
native fixed prosthesis treatment, which significantly improved the
patient’s health and satisfaction. Hence, investigators documented
some biological and mechanical complications with fixed-implant
mandibular reconstructive prostheses, including plaque accumu-
lation, peri-implantitis, and screw fracture/loosening [41,42]. The
hygienic design and the smooth surface design of the implants
used in this study reduced the possibility of plaque adherence,
improved the patients’ oral hygiene, and eliminated the biological
complications reported with fixed implant-supported prostheses
[18-20,22]. Moreover, the mono-block implant design diminished
mechanical complications [18,16-26]. Furthermore, the use of fixed
prostheses significantly improved patient psychology [10,21].

The implant survival rate in our study was 100 %, which matched
the survival rate reported by Lazarov [20], who found a 97.5 %
cumulative survival rate for BCS® after 4 years of function. In other
studies on conventional endosseous implants [43-46], implant and
prosthesis survival rates were 91 %-100 % and 96.4 %-100 %, respec-
tively, over 1-6 years of follow-up. However, when considering
the outcome of conventional implants in patients with maxillofa-
cial defects, the implant survival rates reported in previous studies
were lower (82.4 %-100 %) [47-50], probably because of the dif-
ferent types of bone grafts needed for placing such implants. The
survival rate was approximately 97.2 % at the 12-month follow-up,
86.5 % at 60 months, and 79.3 % at 120 months when osseointe-
grated implants were used with a reconstructive free fibula flap.
On the other hand, Yusa et al. [13] investigated the survival rates

of 45 implants placed in the reconstructed and residual bone of
patients with mandibular reconstruction; these were 92.6 % and
100 %, respectively.

Although the PIshowed an increase at the follow-up visits in this
study, the scores were still within the range of values reported in a
previous study by Mombelli et al. [51], where they ranged from O to
3.Since the plaque adhered to the prostheses and not to the smooth
surface of the implants, this insignificant increase in the PI may be
attributed to the micropores of the acrylic resin veneer material,
which is used to compensate for both the hard and soft-tissue loss
associated with mandibulectomy. This result proved the observa-
tions of many other studies that reported plaque adherence over
the acrylic prosthesis, even though it appears to be highly polished
[52-56].

Despite the advancement in implant surfaces and textures, it
has been scientifically proven that a smooth surface is better than
a rough surface for implants, from a biological point of view. The
surface texture is considered to be a crucial determinant for biofilm
formation. As the rough surface of the implant is exposed to the oral
cavity, it may permit the adherence of plaque biofilm. Moreover, the
detachment or peeling of the surface coating under occlusal forces
may aggravate the situation. Thus, the result of this study was in
line with previous observations [12,18-23].

The excellent results obtained for the MGI in the present study
might be related to the smooth polished surface and the thin
mucosal penetration diameter of the implants, which permit quick
peri-implant soft-tissue healing and result in a decrease or even
elimination of both soft-tissue inflammation and infection. This
trend was in agreement with the observations reported by Ihde
et al. [18,19,29], Lazarov [20], Ahmad et al. [22], and Osman et al.
[23].

However, the PPD increased from baseline, particularly when
implants were immediately placed in extraction sockets. On com-
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pletion of socket healing, the pocket depth was significantly
reduced or even eliminated. This observation was in accordance
with the findings of previous studies [54,55] that reported sulci
with depths greater than 5-6 mm around endosseous implants.
Misch et al. [35], Cutrim et al. [57], Abreu et al. [58], Bragger et al.
[59], and Sailer et al. [60], reported greater probing depths around
dental implants than around natural dentition.

After 60 months of follow-up, all implants showed increased BIC
values; this can be explained by the type of implant design used in
this study, which permits very fast soft-tissue healing protecting
the crestal bone, since implant splinting permits immediate loading
of implants as well as better distribution of the occlusal force. These
findings were in line with those obtained by Ihde et al. [18,19,29],
Mischetal.[32,33,61],and others [62-64], who stated that splinted
implants exhibit a better load-sharing area and decrease the risk of
implant overload, thereby helping to decrease the extent of cre-
stal bone loss. Avila et al. [65] also reported a higher success rate
with splinted prostheses (94.7 %) than with single-crown implants.
Additionally, the balanced occlusion used in this study prevented
the offset forces and increased implant longevity, as also reported
previously [64,66-68]. Moreover, the use of immediate loading
stimulates the peri-implant bone and enhances the bone turnover
around the implant, resulting in a more organized lamellar bone.

Clinical examination of the patient who experienced pain indi-
cated that the pain arose from the immediately inserted implant
after tooth extraction and was, therefore, more related to the heal-
ing process of the extraction socket than to the implant itself. The
same observation was reported by Ihde et al. [18].

In the present study, only one patient showed fracture of the
veneer of the crown. Clinical examination of this patient revealed a
malaligned canine tooth opposing the fractured crown. The sharp
canine tip could have caused the fracture when making contact
during both protrusive and lateral movements. This result was
in accordance with a study conducted by Goodacre et al. [67]
who documented that 7% of the patients (range, 3-24 %) expe-
rienced a fracture of the acrylic resin of fixed and removable
implant-supported prostheses. Moreover, several authors [67-70]
have considered that acrylic and composite fractures comprise
the majority of facial/occlusal veneer-material failures. In a study
by Linkevicius et al. [68], more than half of the fractured pros-
theses showed contact in protrusive and/or lateral mandibular
movements. On the other hand, Purcell et al. [69] reported that
insufficient support for artificial teeth, either from the mandibular
framework or denture base, or from premature anterior contacts,
might cause acrylic tooth fracture. Priest et al. [70] found that
the most common prosthetic complication associated with the use
of mandibular metal-acrylic resin implant complete fixed dental
prostheses was the need for replacement of denture teeth as aresult
of wear or fracture.

Our examination of the patient who reported esthetic compli-
cations revealed that an extra-oral incision (midline lip splinting
incision) had led to a depressed lower lip due to post-operative
scaring; thus, and increased amount of teeth were shown when
the patient smiled (Figs. 2a and 5 d). This observation was in line
with the literature concerning the disadvantages of the midline lip
splinting technique and stressed the need for using a modified tech-
nique with a more estheticresult [71,72]. The patient in the present
study was reassured.

Patient satisfaction in the present study was in line with that in
other studies where dental implant prosthetic rehabilitation had
significantly improved the maxillofacial patients’ oral function and
postoperative quality of life [13,15,16]. In accordance with this
observation, a significant improvement in patient satisfaction (a
score of 7.7 out of 8) was reported by Awadalkreem et al. [21] fol-
lowing basal implant treatment. Overall, 96.7 % of the participants
rated their comfort following the use of basal implant-supported

prostheses as excellent, 93.3 % of participants assessed their satis-
faction with mastication as excellent, and 88.3 % rated their esthetic
satisfaction as excellent. Finally, 93.3 % of the patients evaluated
their speech as excellent after basal implant treatment [21].

The limitations of this study include the relatively small sam-
ple size and the short follow-up period. Future studies with larger
sample sizes and more extended follow-up periods will enhance
clinical decision-making and improve the treatment outcomes.

5. Conclusion

The results of our study suggest that the use of immediately
loaded, fixed implant prostheses supported by BCS® implants is
a practicable treatment modality with a high success rate and sur-
vival rate (100 %). The patients in this study also exhibited optimum
implant health and reported an improvement in their satisfaction
and quality of life.

Ethical approval

Ethical approval for the study was obtained from the Ethics
Committee of the relevant hospital as well as the Ethics Committee
of the Ministry of Health, number: [WK/OS/ AETEA/44].

Funding

No funding was obtained for this study.

Author contribution statement

All authors contributed to the conception, design, data analy-
sis and interpretation, as well as the drafting, critical evaluation,
approval of the article, and agreed to its publication.

Declaration of Competing Interest

The authors report no declarations of interest.

Acknowledgements

We express our sincere appreciation to Dr. Abdelnasir Gafer,
Oral and Maxillofacial Surgeon, for his role in inserting all the
implants and Dr Motaz Sayed Alhassan, Prosthodontic Specialist for
his contributions throughout this work. We also thank Dr. Manar
Abdelrahman, Associate Professor in Biostatistics, for helping for-
mulate the evaluation sheets used in the study.

References

[1] Petrovic [, Shah JP, Huryn JM, Ahmed ZU, Rosen EB. Intra-oral rehabilitation
after marginal mandibulectomy. Int ] Prosthodont 2019;32:241-7.

[2] Petrovic I, Rosen EB, Matros E, Huryn JM, Shah JP. Oral rehabilitation of the
cancer patient: a formidable challenge. ] Surg Oncol 2018;117:1729-35.

[3] Petrovic I, Ahmed ZU, Huryn JM, Nelson ], Allen Jr R], Matros E, et al. Oral
rehabilitation for patients with marginal and segmental mandibulectomy: a
retrospective review of 111 mandibular resection prostheses. ] Prosthet Dent
2019;122:82-7.

[4] Torroni A, Marianetti TM, Romandini M, Gasparini G, Cervelli D, Pelo S.
Mandibular reconstruction with different techniques. J Craniofac Surg
2015;26:885-90.

[5] Rana M, Warraich R, Kokemuller H, Lemound J, Essig H, Tavassol F, et al.
Reconstruction of mandibular defects - clinical retrospective research over a
10-year period. Head Neck Oncol 2011;3:1-7.

[6] Beumer ]B, Curtis TA, Marunick MT. Maxillofacial rehabilitation:
prosthodontic and surgical considerations. 2nd ed. St. Louis: Ishiyaku
Euromerica; 1996. p. 113-216.

[7] Hanasono MM. Reconstructive surgery for head and neck cancer patients. Adv
Med 2014;2014:795483.

[8] Oliveira MT, Rocha FS, de Paulo LF, Rodrigues AR, Zanetta-Barbosa D. The
approach of ameloblastoma of the mandible: a case treated by hyperbaric

Please cite this article in press as: Awadalkreem F, et al. Rehabilitation of marginal mandibulectomy patients using immediately loaded
basal implant-supported prostheses. ] Oral Maxillofac Surg Med Pathol (2021), https://doi.org/10.1016/j.ajoms.2021.07.002



https://doi.org/10.1016/j.ajoms.2021.07.002
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0005
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0005
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0005
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0005
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0005
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0005
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0005
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0005
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0005
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0005
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0005
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0005
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0005
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0005
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0005
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0005
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0005
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0005
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0005
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0005
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0005
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0010
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0010
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0010
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0010
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0010
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0010
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0010
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0010
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0010
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0010
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0010
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0010
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0010
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0010
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0010
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0010
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0010
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0010
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0010
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0010
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0010
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0010
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0010
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0010
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0010
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0015
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0015
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0015
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0015
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0015
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0015
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0015
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0015
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0015
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0015
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0015
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0015
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0015
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0015
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0015
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0015
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0015
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0015
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0015
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0015
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0015
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0015
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0015
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0015
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0015
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0015
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0015
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0015
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0015
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0015
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0015
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0015
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0015
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0015
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0015
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0015
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0015
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0015
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0020
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0020
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0020
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0020
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0020
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0020
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0020
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0020
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0020
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0020
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0020
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0020
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0020
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0020
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0020
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0020
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0020
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0020
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0020
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0020
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0020
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0020
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0020
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0025
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0025
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0025
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0025
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0025
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0025
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0025
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0025
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0025
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0025
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0025
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0025
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0025
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0025
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0025
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0025
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0025
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0025
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0025
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0025
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0025
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0025
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0025
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0025
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0025
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0025
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0025
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0025
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0025
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0025
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0025
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0025
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0030
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0030
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0030
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0030
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0030
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0030
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0030
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0030
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0030
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0030
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0030
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0030
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0030
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0030
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0030
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0030
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0030
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0030
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0030
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0030
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0030
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0030
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0030
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0035
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0035
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0035
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0035
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0035
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0035
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0035
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0035
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0035
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0035
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0035
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0035
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0035
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0040
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0040
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0040
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0040
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0040
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0040
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0040
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0040
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0040
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0040
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0040
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0040
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0040
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0040
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0040
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0040
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0040
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0040
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0040
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0040
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0040
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0040
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0040

G Model
JOMSMP-1100; No.of Pages12

F. Awadalkreem et al. / Journal of Oral and Maxillofacial Surgery, Medicine, and Pathology xxx (2021) Xxx-xXX 11

oxygen therapy and bone graft reconstruction. Oral Maxillofac Surg
2013;17:311-4.

[9] Konstantinovic VS, Todorovic VS, Lazic VM. Possibilities of reconstruction and
implant-prosthetic rehabilitation following mandible resection. Vojnosanit
Pregl 2013;70:80-5.

[10] Takaoka K, Segawa E, Yamamura M, Zushi Y, Urade M, Kishimoto H. Dental
implant treatment in a youngwoman after marginal mandibulectomy for
treatment of mandibular gingival carcinoma: a case report. Int ] Implant Dent
2015;1:20.

[11] Takahashi D, Suzuki H, Komori T. A clinical study of 103 dental implants in
oral cancer patients after jaw resection. ] Oral Maxillofac Surg Med Pathol
2018;30:206-11.

[12] Nakayama Y, Yamashita Y, Shimohira D. A long-term clinical statistical
analysis of machined-surface Branemark implants used in patients
undergoing oral and maxillofacial surgery. ] Oral Maxillofac Surg Med Pathol
2019;31:237-40.

[13] Yusa K, Yamanouch H, Yoshida Y, Ishikawa S, Sakurai H, lino M. Evaluation of
quality of life and masticatory function in patients treated with mandibular
reconstruction followed by occlusal rehabilitation with dental implants: a
preliminary report. J Oral Maxillofac Surg Med Pathol 2017;29:499-503.

[14] Carini F, Francesconi M, Saggese V, Monai D, Porcaro G. Implant-supported
rehabilitation of a patient with mandibular ameloblastoma. Ann Stomatol
2012;32:21-5.

[15] Karayazgan-Saracoglu B, Atay A, Korkmaz C, Gunay Y. Quality of life
assessment of implant-retained overdentures and fixed metal-acrylic resin
prostheses in patients with marginal mandibulectomy. ] Prosthet Dent
2017;118:551-60.

[16] Kumar VV, Jacob PC, Ebenezer S, Kuriakose MA, Kekatpure V, Baliarsing AS,
et al. Implant supported dental rehabilitation following segmental
mandibular reconstruction - quality of life outcomes of a prospective
randomized trial. ] Craniomaxillofac Surg 2016;44:800-10.

[17] Bocklage R. Advanced alveolar crest atrophy: an alternative treatment
technique for maxilla and mandible. Implant Dent 2001;10:30-5.

[18] Ihde S, Ihde A. Immediate loading guideline to successful implantology. 2nd
ed. Munich: The International Implant Foundation Publishing; 2010.

p.2-12.

[19] Ihde S, Ihde A. Introduction into the work with strategic implants. 2nd ed.
Munich: The International Implant Foundation Publishing; 2015. p. 15-8.

[20] Lazarov A. Immediate functional loading: results for the concept of the
strategic implant®. Ann Maxillofac Surg 2019;9:78-88.

[21] Awadalkreem F, Khalifa N, Satti A, Suleiman Am. The influence of
immediately loaded basal implant treatment on patient satisfaction. Int ] Dent
2020;2020:6590202.

[22] Ahmad Ag, Osman M, Awadalkreem F. Full-mouth rehabilitation of a patient
with cleidocranial dysplasia using immediately loaded basal
implant-supported fixed prostheses: a case report. Int ] Surg Case Rep
2019;65:344-8.

[23] Osman M, Ahmad Ag, Awadalkreem F. A novel approach for rehabilitation of a
subtotal maxillectomy patient with immediately loaded basal
implant-supported prosthesis: 4 years follow-up. Case Rep Dent
2020;2020:9650164.

[24] Ghalaut P, Shekhawat H, Meena B. Full-mouth rehabilitation with immediate
loading basal implants: a case report. Nat ] Maxillofac Surg 2019;10:91-4.

[25] Singh M, Batra R, Das D, Verma S. A novel approach for restoration of
hemisected mandibular first molar with immediately loaded single piece BCS
implant: a case report. ] Oral Biol Craniofac Res 2017;7:141-6.

[26] Scortecci G. Basal implantology. Gewerbestrasse:Springer Nature Switzerland
AG: Springer; 2019. p. 3-15.

[27] Odin G, Misch C, Binderman I, Scortecci G. Fixed rehabilitation of severely
atrophic jaws using immediately loaded basal disk implants after in situ bone
activation. J Oral Implantol 2012;38:611-6.

[28] Scortecci G. Immediate function of cortically anchored disk-design implants
without bone augmentation in moderately to severely resorbed completely
edentulous maxillae. ] Oral Implantol 2009;25:70-9.

[29] Ihde S. Principles of BOI: clinical, scientific, and practical guidelines to 4-D
dental implantology. 1st ed. New York: Springer Verlag GmbH, Springer
Science & Business Media; 2005.

[30] Ihde S. Restoration of the atrophied mandible using basal osseointegrated
implants and fixed prosthetic superstructures. Implant Dent 2001;10:

41-5.

[31] Goldman T, Ihde S, Kuzelka J, Himmlova L. Bendable vs. angulated dental
implants: consideration of elastic and plastic material properties based on
experimental implant material data and FEA. Biomed Pap Med Fac Univ
Palacky Olomouc Czech Repub 2008;152:309-16.

[32] Misch CE, Wang HL, Misch CM, Sharawy M, Lemons J, Judy KW. Rationale for
the application of immediate load in implant dentistry: part I. Implant Dent
2004;13:207-17.

[33] Misch CE, Wang HL, Misch CM, Sharawy M, Lemons J, Judy KW. Rationale for
the application of immediate load in implant dentistry: part II. Implant Dent
2004;13:310-21.

[34] Grossmann Y, Finger IM, Block MS. Indications for splinting implant
restorations. J Oral Maxillofac Surg 2005;63:1642-52.

[35] Misch CE, Perel ML, Wang HL, Sammartino G, Galindo-Moreno P, Trisi P, et al.
Implant success, survival, and failure: the international congress of oral
implantologists (ICOI) Pisa consensus conference. Implant Dent
2008;17:5-15.

[36] Albrektsson T, Zarb G, Worthington P, Eriksson AR. The long-term efficacy of
currently used dental implants: a review and proposed criteria of success. Int
] Oral Maxillofac Implant 1986;1:11-25.

[37] Mombelli A, Van Oosten MA, Schiirch Jr E, Lang NP. The microbiota associated
with successful or failing osseointegrated titanium implants. Oral Microbiol
Immunol 1987;2:145-51.

[38] Loe H, Silness J. Periodontal disease in pregnancy I. Prevalence and severity.
Acta Odontol Scand 1963;21:533-51, http://dx.doi.org/10.3109/
00016356309011240.

[39] Statement of the International Implant Foundation IF concerning probing
around basal implants; 2003, published online: http://implantfoundation.org/
en/probing-around-basal-implants-2003.

[40] Strassburger C, Heydecke G, Kerschbaum T. Influence of prosthetic and
implant therapy on satisfaction and quality of life: a systematic literature
review. Part 1—characteristics of the studies. Int ] Prosthodont
2004;17:83-93.

[41] Pjetursson BE, Thoma D, Jung R, Zwahlen M, Zembic A. A systematic review of
the survival and complication rates of implant-supported fixed dental
prostheses (FDPs) after a mean observation period of at least 5 years. Clin Oral
Implants Res 2012;23:22-38.

[42] Lemos CA, de Souza Batista VE, Almeida DA, Santiago Junior JF, Verri FR,
Pellizzer EP. Evaluation of cement-retained versus screw-retained implant-
supported restorations for marginal bone loss: a systematic review and meta-
analysis. ] Prosthet Dent 2016;115:419-27.

[43] Papaspyridakos P, Chen CJ, Chuang SK, Weber HP. Implant loading protocols
for edentulous patients with fixed prostheses: a systematic review and
meta-analysis. Int ] Oral Maxillofac Implants 2014;29:256-70.

[44] Collaert B, Wijnen L, De Bruyn H. A 2-year prospective study on immediate
loading with fluoride-modified implants in the edentulous mandible. Clin
Oral Implants Res 2011;22:1111-6.

[45] Vandeweghe S, Hawker P, De Bruyn H. An up to 12-year retrospective
follow-up on immediately loaded, surface-modified implants in the
edentulous mandible. Clin Implant Dent Relat Res 2016;18:323-31.

[46] Vervaeke S, Collaert B, De Bruyn H. The effect of implant surface modifications
on survival and bone loss of immediately loaded implants in the edentulous
mandible. Int ] Oral Maxillofac Implants 2013;28:1352-7.

[47] Fang W, Liu YP, Ma Q, Liu BL, Zhao Y. Long-term results of mandibular
reconstruction of continuity defects with fibula free flap and implant-borne
dental rehabilitation. Int ] Oral Maxillofac Implants 2015;30:169-78.

[48] Ferrari S, Copelli C, Bianchi B, Ferri A, Poli T, Ferri T, et al. Rehabilitation with
endosseous implants in fibula free-flap mandibular reconstruction: a case
series of up to 10 years. ] Craniomaxillofac Surg 2013;41:172-8.

[49] Wang F, Huang W, Zhang C, Sun J, Kaigler D, Wu Y. Comparative analysis of
dental implant treatment outcomes following mandibular reconstruction
with double-barrel fibula bone grafting or vertical dis- traction osteogenesis
fibula: a retrospective study. Clin Oral Implants Res 2015;26:157-65.

[50] Pellegrino G, Tarsitano A, Ferri A, Corinaldesi G, Bianchi A, Marchetti C.
Long-term results of osseointegrated implant-based dental rehabilitation in
oncology patients reconstructed with a fibula free flap. Clin Implant Dent
Relat Res 2018;20:852-9.

[51] Mombelli A, Buser D, Lang NP. Colonization of osseointegrated titanium
implants in edentulous patients. Early results. Oral Microbiol Immunol
1988;3:113-20.

[52] Kulak'Y, Arikan A, Albak S, Okar I, Kazazoglu E. Scanning electron microscopic
examination of different cleaners: surface contaminant removal from
dentures. ] Oral Rehabil 1997;24:209-15.

[53] Shay K. Denture hygiene: a review and update. ] Contemp Dent Pract
2000;1:28-41.

[54] Behneke A, Behneke N, d Hoedt B. A 5-year longitudinal study of the clinical
effectiveness of ITI solid-screw implants in the treatment of mandibular
edentulism. Int J Oral Maxillofac Implants 2003;17:799-810.

[55] Mombelli A, Van Oosten MA, Schiirch Jr E, Lang NP. The microbiota associated
with successful or failing osseointegrated titanium implants. Oral Microbiol
Immunol 1987;2:145-51.

[56] Becker W, Becker BE, Newman MG, Nyman S. Clinical and microbiologic
findings that may contribute to dental implant failure. Int ] Oral Maxillofac
Implants 1990;5:31-8.

[57] Cutrim ES, Peruzzo DC, Benatti B. Evaluation of soft tissues around single
tooth implants in the anterior maxilla restored with cemented and
screw-retained crowns. ] Oral Implantol 2012;38:700-5.

[58] Abreu MH, Bianchini MA, Magini RS, Rosing CK. Clinical and radiographic
evaluation of periodontal and peri-implant conditions in patients with
implant-supported prosthesis. Acta Odontol Latinoam 2007;20:87-95.

[59] Bréagger U, Burgin WB, Hammerle CH, Lang NP. Associations between clinical
parameters assessed around implants and teeth. Clin Oral Implants Res
1997;8:412-21.

[60] Sailer I, Zembic A, Jung RE, Siegenthaler D, Holderegger C, Hammerle CH.
Randomized controlled clinical trial of customized zirconia and titanium
implant abutments for canine and posterior single-tooth implant
reconstructions: preliminary results at 1 year of function. Clin Oral Implants
Res 2009;20:219-25.

[61] Misch CE. Implant success or failure: clinical assessment in implant dentistry.
In: Contemporary implant dentistry. 3rd ed. St. Louis: Mosby: Elsevier; 1993.

[62] Guichet DL, Yoshinobu D, Caputo AA. Effect of splinting and interproximal
contact tightness on load transfer by implant restorations. J Prosthet Dent
2002;87:528-35.

Please cite this article in press as: Awadalkreem F, et al. Rehabilitation of marginal mandibulectomy patients using immediately loaded
basal implant-supported prostheses. ] Oral Maxillofac Surg Med Pathol (2021), https://doi.org/10.1016/j.ajoms.2021.07.002



https://doi.org/10.1016/j.ajoms.2021.07.002
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0040
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0040
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0040
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0040
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0040
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0040
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0040
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0040
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0040
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0040
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0040
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0040
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0045
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0045
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0045
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0045
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0045
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0045
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0045
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0045
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0045
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0045
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0045
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0045
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0045
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0045
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0045
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0045
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0045
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0045
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0045
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0045
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0050
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0050
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0050
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0050
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0050
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0050
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0050
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0050
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0050
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0050
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0050
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0050
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0050
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0050
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0050
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0050
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0050
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0050
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0050
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0050
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0050
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0050
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0050
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0050
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0050
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0050
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0050
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0050
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0050
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0050
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0050
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0050
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0050
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0050
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0050
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0055
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0055
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0055
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0055
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0055
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0055
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0055
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0055
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0055
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0055
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0055
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0055
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0055
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0055
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0055
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0055
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0055
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0055
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0055
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0055
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0055
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0055
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0055
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0055
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0055
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0055
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0055
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0055
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0055
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0060
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0060
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0060
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0060
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0060
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0060
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0060
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0060
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0060
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0060
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0060
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0060
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0060
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0060
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0060
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0060
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0060
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0060
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0060
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0060
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0060
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0060
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0060
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0060
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0060
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0060
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0060
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0060
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0060
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0060
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0060
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0060
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0065
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0065
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0065
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0065
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0065
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0065
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0065
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0065
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0065
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0065
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0065
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0065
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0065
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0065
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0065
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0065
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0065
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0065
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0065
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0065
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0065
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0065
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0065
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0065
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0065
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0065
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0065
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0065
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0065
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0065
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0065
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0065
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0065
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0065
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0065
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0065
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0065
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0065
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0065
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0065
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0065
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0065
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0065
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0065
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0065
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0070
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0070
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0070
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0070
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0070
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0070
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0070
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0070
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0070
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0070
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0070
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0070
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0070
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0070
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0070
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0070
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0070
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0070
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0070
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0070
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0070
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0070
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0070
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0075
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0075
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0075
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0075
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0075
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0075
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0075
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0075
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0075
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0075
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0075
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0075
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0075
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0075
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0075
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0075
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0075
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0075
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0075
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0075
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0075
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0075
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0075
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0075
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0075
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0075
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0075
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0075
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0075
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0075
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0075
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0080
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0080
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0080
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0080
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0080
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0080
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0080
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0080
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0080
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0080
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0080
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0080
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0080
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0080
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0080
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0080
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0080
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0080
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0080
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0080
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0080
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0080
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0080
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0080
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0080
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0080
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0080
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0080
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0080
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0080
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0080
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0080
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0080
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0080
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0080
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0080
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0080
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0080
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0085
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0085
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0085
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0085
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0085
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0085
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0085
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0085
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0085
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0085
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0085
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0085
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0085
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0085
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0085
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0085
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0085
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0085
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0085
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0090
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0090
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0090
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0090
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0090
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0090
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0090
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0090
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0090
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0090
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0090
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0090
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0090
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0090
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0090
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0090
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0090
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0090
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0090
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0090
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0090
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0090
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0090
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0095
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0095
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0095
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0095
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0095
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0095
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0095
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0095
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0095
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0095
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0095
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0095
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0095
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0095
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0095
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0095
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0095
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0095
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0095
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0095
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0095
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0095
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0095
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0095
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0100
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0100
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0100
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0100
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0100
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0100
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0100
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0100
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0100
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0100
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0100
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0100
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0100
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0100
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0100
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0100
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0100
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0100
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0100
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0100
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0100
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0105
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0105
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0105
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0105
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0105
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0105
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0105
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0105
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0105
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0105
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0105
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0105
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0105
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0105
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0105
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0105
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0105
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0105
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0105
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0105
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0105
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0105
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0105
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0110
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0110
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0110
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0110
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0110
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0110
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0110
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0110
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0110
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0110
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0110
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0110
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0110
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0110
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0110
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0110
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0110
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0110
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0110
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0110
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0110
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0110
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0110
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0110
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0110
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0110
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0110
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0110
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0110
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0110
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0110
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0110
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0115
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0115
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0115
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0115
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0115
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0115
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0115
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0115
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0115
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0115
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0115
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0115
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0115
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0115
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0115
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0115
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0115
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0115
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0115
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0115
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0115
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0115
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0115
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0115
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0115
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0115
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0115
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0115
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0115
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0120
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0120
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0120
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0120
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0120
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0120
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0120
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0120
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0120
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0120
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0120
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0120
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0120
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0120
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0120
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0120
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0120
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0120
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0120
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0120
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0120
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0120
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0120
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0125
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0125
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0125
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0125
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0125
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0125
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0125
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0125
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0125
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0125
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0125
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0125
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0125
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0125
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0125
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0125
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0125
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0125
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0125
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0125
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0125
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0125
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0125
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0125
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0125
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0125
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0125
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0125
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0125
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0125
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0125
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0125
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0125
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0125
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0125
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0125
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0130
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0130
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0130
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0130
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0130
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0130
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0130
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0130
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0130
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0130
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0130
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0130
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0130
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0130
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0135
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0135
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0135
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0135
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0135
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0135
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0135
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0135
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0135
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0135
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0135
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0135
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0135
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0135
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0135
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0135
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0135
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0135
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0135
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0135
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0135
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0135
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0135
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0135
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0135
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0135
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0135
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0135
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0135
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0135
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0135
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0140
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0140
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0140
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0140
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0140
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0140
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0140
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0140
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0140
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0140
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0140
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0140
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0140
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0140
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0140
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0140
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0140
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0140
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0140
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0140
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0140
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0140
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0140
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0140
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0140
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0140
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0145
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0145
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0145
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0145
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0145
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0145
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0145
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0145
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0145
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0145
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0145
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0145
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0145
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0145
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0145
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0145
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0145
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0145
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0145
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0145
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0145
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0145
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0145
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0145
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0145
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0145
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0145
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0150
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0150
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0150
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0150
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0150
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0150
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0150
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0150
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0150
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0150
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0150
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0150
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0150
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0150
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0150
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0150
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0150
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0150
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0150
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0150
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0150
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0155
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0155
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0155
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0155
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0155
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0155
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0155
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0155
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0155
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0155
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0155
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0155
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0155
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0155
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0155
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0155
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0155
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0155
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0155
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0155
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0155
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0155
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0155
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0155
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0155
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0155
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0155
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0155
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0155
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0155
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0155
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0155
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0155
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0155
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0155
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0155
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0155
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0155
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0155
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0155
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0160
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0160
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0160
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0160
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0160
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0160
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0160
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0160
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0160
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0160
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0160
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0160
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0160
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0160
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0160
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0160
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0160
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0160
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0160
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0160
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0160
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0160
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0160
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0160
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0160
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0160
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0160
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0160
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0160
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0165
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0165
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0165
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0165
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0165
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0165
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0165
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0165
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0165
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0165
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0165
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0165
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0165
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0165
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0165
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0165
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0165
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0165
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0165
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0165
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0165
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0165
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0165
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0165
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0165
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0165
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0165
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0165
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0165
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0170
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0170
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0170
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0170
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0170
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0170
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0170
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0170
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0170
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0170
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0170
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0170
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0170
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0170
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0170
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0170
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0170
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0170
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0175
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0175
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0175
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0175
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0175
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0175
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0175
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0175
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0175
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0175
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0175
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0175
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0175
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0175
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0175
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0175
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0175
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0175
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0175
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0175
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0175
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0175
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0175
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0175
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0175
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0175
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0175
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0175
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0175
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0175
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0175
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0175
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0175
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0175
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0180
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0180
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0180
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0180
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0180
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0180
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0180
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0180
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0180
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0180
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0180
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0180
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0180
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0180
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0180
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0180
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0180
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0180
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0180
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0180
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0180
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0180
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0180
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0180
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0180
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0180
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0180
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0180
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0180
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0180
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0180
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0185
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0185
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0185
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0185
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0185
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0185
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0185
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0185
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0185
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0185
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0185
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0185
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0185
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0185
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0185
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0185
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0185
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0185
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0185
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0185
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0185
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0185
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0185
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0185
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0185
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0185
dx.doi.org/10.3109/00016356309011240
dx.doi.org/10.3109/00016356309011240
dx.doi.org/10.3109/00016356309011240
dx.doi.org/10.3109/00016356309011240
dx.doi.org/10.3109/00016356309011240
dx.doi.org/10.3109/00016356309011240
dx.doi.org/10.3109/00016356309011240
http://implantfoundation.org/en/probing-around-basal-implants-2003
http://implantfoundation.org/en/probing-around-basal-implants-2003
http://implantfoundation.org/en/probing-around-basal-implants-2003
http://implantfoundation.org/en/probing-around-basal-implants-2003
http://implantfoundation.org/en/probing-around-basal-implants-2003
http://implantfoundation.org/en/probing-around-basal-implants-2003
http://implantfoundation.org/en/probing-around-basal-implants-2003
http://implantfoundation.org/en/probing-around-basal-implants-2003
http://implantfoundation.org/en/probing-around-basal-implants-2003
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0200
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0200
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0200
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0200
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0200
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0200
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0200
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0200
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0200
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0200
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0200
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0200
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0200
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0200
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0200
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0200
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0200
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0200
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0200
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0200
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0200
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0200
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0200
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0200
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0200
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0200
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0200
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0200
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0200
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0200
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0200
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0200
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0200
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0200
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0200
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0205
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0205
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0205
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0205
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0205
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0205
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0205
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0205
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0205
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0205
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0205
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0205
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0205
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0205
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0205
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0205
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0205
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0205
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0205
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0205
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0205
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0205
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0205
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0205
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0205
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0205
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0205
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0205
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0205
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0205
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0205
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0205
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0205
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0205
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0205
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0205
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0205
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0205
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0205
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0205
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0205
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0205
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0210
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0210
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0210
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0210
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0210
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0210
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0210
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0210
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0210
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0210
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0210
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0210
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0210
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0210
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0210
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0210
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0210
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0210
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0210
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0210
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0210
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0210
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0210
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0210
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0210
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0210
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0210
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0210
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0210
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0210
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0210
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0210
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0210
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0210
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0210
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0210
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0210
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0210
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0210
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0215
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0215
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0215
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0215
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0215
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0215
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0215
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0215
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0215
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0215
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0215
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0215
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0215
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0215
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0215
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0215
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0215
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0215
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0215
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0215
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0215
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0215
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0215
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0215
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0215
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0215
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0215
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0215
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0215
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0215
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0220
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0220
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0220
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0220
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0220
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0220
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0220
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0220
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0220
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0220
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0220
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0220
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0220
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0220
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0220
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0220
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0220
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0220
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0220
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0220
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0220
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0220
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0220
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0220
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0220
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0220
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0220
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0220
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0225
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0225
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0225
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0225
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0225
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0225
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0225
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0225
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0225
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0225
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0225
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0225
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0225
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0225
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0225
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0225
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0225
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0225
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0225
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0225
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0225
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0225
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0225
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0225
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0225
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0225
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0225
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0225
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0225
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0225
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0230
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0230
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0230
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0230
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0230
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0230
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0230
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0230
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0230
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0230
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0230
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0230
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0230
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0230
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0230
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0230
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0230
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0230
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0230
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0230
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0230
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0230
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0230
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0230
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0230
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0230
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0230
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0230
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0230
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0230
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0230
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0230
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0230
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0230
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0235
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0235
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0235
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0235
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0235
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0235
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0235
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0235
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0235
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0235
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0235
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0235
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0235
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0235
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0235
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0235
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0235
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0235
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0235
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0235
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0235
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0235
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0235
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0235
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0235
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0235
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0235
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0235
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0235
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0235
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0235
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0235
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0235
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0235
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0240
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0240
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0240
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0240
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0240
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0240
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0240
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0240
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0240
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0240
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0240
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0240
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0240
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0240
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0240
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0240
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0240
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0240
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0240
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0240
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0240
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0240
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0240
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0240
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0240
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0240
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0240
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0240
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0240
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0240
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0240
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0240
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0240
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0240
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0240
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0240
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0240
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0245
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0245
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0245
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0245
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0245
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0245
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0245
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0245
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0245
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0245
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0245
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0245
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0245
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0245
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0245
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0245
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0245
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0245
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0245
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0245
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0245
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0245
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0245
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0245
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0245
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0245
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0245
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0245
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0245
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0245
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0245
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0245
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0245
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0245
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0245
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0245
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0245
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0245
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0245
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0245
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0245
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0245
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0245
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0250
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0250
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0250
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0250
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0250
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0250
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0250
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0250
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0250
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0250
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0250
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0250
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0250
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0250
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0250
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0250
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0250
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0250
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0250
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0250
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0250
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0250
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0250
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0250
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0250
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0250
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0250
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0250
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0250
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0250
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0250
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0250
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0250
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0250
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0250
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0250
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0255
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0255
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0255
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0255
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0255
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0255
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0255
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0255
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0255
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0255
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0255
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0255
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0255
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0255
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0255
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0255
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0255
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0255
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0255
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0255
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0255
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0255
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0260
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0260
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0260
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0260
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0260
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0260
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0260
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0260
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0260
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0260
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0260
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0260
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0260
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0260
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0260
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0260
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0260
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0260
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0260
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0260
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0260
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0260
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0260
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0260
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0260
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0260
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0260
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0260
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0265
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0265
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0265
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0265
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0265
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0265
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0265
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0265
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0265
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0265
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0265
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0265
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0265
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0265
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0265
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0270
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0270
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0270
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0270
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0270
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0270
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0270
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0270
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0270
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0270
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0270
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0270
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0270
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0270
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0270
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0270
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0270
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0270
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0270
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0270
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0270
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0270
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0270
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0270
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0270
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0270
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0270
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0270
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0270
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0270
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0270
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0270
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0270
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0275
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0275
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0275
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0275
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0275
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0275
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0275
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0275
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0275
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0275
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0275
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0275
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0275
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0275
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0275
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0275
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0275
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0275
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0275
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0275
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0275
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0275
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0275
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0275
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0275
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0275
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0280
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0280
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0280
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0280
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0280
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0280
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0280
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0280
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0280
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0280
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0280
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0280
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0280
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0280
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0280
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0280
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0280
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0280
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0280
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0280
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0280
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0280
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0280
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0280
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0280
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0280
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0280
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0285
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0285
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0285
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0285
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0285
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0285
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0285
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0285
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0285
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0285
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0285
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0285
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0285
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0285
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0285
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0285
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0285
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0285
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0285
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0285
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0285
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0285
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0285
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0285
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0285
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0285
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0285
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0285
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0285
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0285
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0290
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0290
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0290
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0290
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0290
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0290
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0290
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0290
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0290
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0290
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0290
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0290
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0290
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0290
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0290
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0290
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0290
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0290
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0290
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0290
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0290
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0290
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0290
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0290
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0290
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0290
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0290
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0290
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0295
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0295
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0295
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0295
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0295
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0295
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0295
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0295
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0295
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0295
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0295
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0295
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0295
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0295
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0295
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0295
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0295
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0295
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0295
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0295
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0295
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0295
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0295
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0295
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0300
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0300
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0300
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0300
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0300
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0300
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0300
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0300
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0300
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0300
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0300
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0300
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0300
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0300
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0300
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0300
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0300
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0300
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0300
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0300
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0300
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0300
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0300
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0300
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0300
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0300
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0300
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0300
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0300
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0300
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0300
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0300
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0300
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0300
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0300
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0300
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0300
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0300
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0300
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0300
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0300
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0300
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0300
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0300
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0305
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0305
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0305
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0305
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0305
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0305
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0305
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0305
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0305
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0305
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0305
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0305
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0305
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0305
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0305
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0305
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0305
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0305
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0305
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0305
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0305
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0305
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0310
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0310
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0310
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0310
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0310
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0310
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0310
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0310
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0310
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0310
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0310
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0310
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0310
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0310
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0310
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0310
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0310
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0310
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0310
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0310
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0310
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0310
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0310
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0310
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0310

ARTICLE IN PRESS

12 F. Awadalkreem et al. / Journal of Oral and Maxillofacial Surgery, Medicine, and Pathology xxx (2021 ) xXx-Xxx

[63] Bhardwaj I, Bhushan A, Baiju CS, Bali S, Joshi V. Evaluation of peri-implant soft
tissue and bone levels around early loaded implant in restoring single missing
tooth: a clinico-radiographic study. ] Indian Soc Periodontol 2016;20:36-41.

[64] Abichandani SJ, Bhojaraju N, Guttal S, Srilakshmi J. Implant protected
occlusion: a comprehensive review. Eur ] Prosthodont Restor Dent
2013;1:29-36.

[65] Avila G, Galindo P, Rios H, Wang HL. Immediate implant loading: current
status from available literature. Implant Dent 2007;16:235-45.

[66] Kim Y, Oh TJ, Misch CE, Wang HL. Occlusal considerations in implant therapy:
clinical guidelines with biomechanical rationale. Clin Oral Implants Res
2005;16:26-35.

[67] Goodacre CJ, Bernal G, Rungcharassaeng K, Kan JY. Clinical complications with
implants and implant prostheses. ] Prosthet Dent 2003;90:121-32.

[68] Linkevicius T, Vladimirovas E, Grybauskas S, Puisys A, Rutkunas V. Veneer
fracture in implant-supported metal-ceramic restorations. Part I: overall
success rate and impact of occlusal guidance. Stomatologia 2008;10:133-9.

[69] Purcell BA, McGlumphy EA, Holloway JA, Beck FM. Prosthetic complications in
mandibular metal-resin implant-fixed complete dental prostheses: a 5- to
9-year analysis. Int ] Oral Maxillofac Implants 2008;23:847-57.

[70] Priest G, Smith J, Wilson MG. Implant survival and prosthetic complications of
mandibular metal-acrylic resin implant complete fixed dental prostheses. ]
Prosthet Dent 2014;111:466-75.

[71] Hayter JP, Vaughan ED, Brown JS. Aesthetic lip splits. Br J Oral Maxillofac Surg
1996;34:432-5.

[72] Kolokythas A. Long-term surgical complications in the oral cancer patient: a
comprehensive review. Part II. ] Oral Maxillofac Res 2010;1:e2.



https://doi.org/10.1016/j.ajoms.2021.07.002
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0315
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0315
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0315
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0315
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0315
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0315
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0315
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0315
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0315
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0315
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0315
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0315
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0315
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0315
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0315
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0315
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0315
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0315
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0315
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0315
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0315
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0315
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0315
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0315
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0315
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0315
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0315
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0315
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0315
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0315
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0315
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0315
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0315
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0315
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0315
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0315
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0315
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0320
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0320
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0320
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0320
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0320
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0320
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0320
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0320
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0320
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0320
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0320
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0320
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0320
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0320
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0320
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0320
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0320
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0320
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0320
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0320
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0320
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0320
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0325
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0325
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0325
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0325
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0325
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0325
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0325
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0325
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0325
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0325
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0325
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0325
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0325
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0325
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0325
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0325
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0325
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0325
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0325
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0325
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0325
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0330
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0330
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0330
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0330
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0330
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0330
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0330
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0330
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0330
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0330
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0330
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0330
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0330
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0330
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0330
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0330
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0330
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0330
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0330
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0330
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0330
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0330
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0330
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0330
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0330
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0335
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0335
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0335
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0335
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0335
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0335
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0335
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0335
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0335
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0335
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0335
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0335
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0335
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0335
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0335
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0335
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0335
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0335
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0335
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0335
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0335
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0340
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0340
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0340
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0340
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0340
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0340
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0340
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0340
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0340
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0340
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0340
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0340
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0340
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0340
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0340
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0340
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0340
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0340
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0340
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0340
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0340
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0340
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0340
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0340
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0340
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0340
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0340
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0340
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0340
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0340
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0345
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0345
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0345
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0345
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0345
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0345
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0345
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0345
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0345
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0345
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0345
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0345
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0345
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0345
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0345
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0345
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0345
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0345
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0345
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0345
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0345
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0345
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0345
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0345
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0345
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0345
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0345
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0345
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0345
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0345
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0350
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0350
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0350
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0350
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0350
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0350
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0350
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0350
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0350
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0350
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0350
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0350
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0350
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0350
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0350
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0350
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0350
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0350
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0350
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0350
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0350
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0350
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0350
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0350
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0350
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0350
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0355
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0355
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0355
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0355
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0355
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0355
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0355
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0355
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0355
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0355
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0355
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0355
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0355
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0355
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0355
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0355
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0355
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0360
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0360
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0360
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0360
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0360
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0360
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0360
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0360
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0360
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0360
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0360
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0360
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0360
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0360
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0360
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0360
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0360
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0360
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0360
http://refhub.elsevier.com/S2212-5558(21)00139-3/sbref0360

	Rehabilitation of marginal mandibulectomy patients using immediately loaded basal implant-supported prostheses
	1 Introduction
	2 Methods
	2.1 Sampling technique
	2.2 Pre-surgical preparation
	2.3 Surgical procedure
	2.4 Prosthetic procedure
	2.5 Outcome variables and measurements
	2.6 Intrarater reliability test
	2.7 Statistical analysis

	3 Results
	3.1 Implant survival and success rate
	3.2 Peri-implant tissue results
	3.3 Peri-implant bone level
	3.4 Prosthesis results
	3.5 Patient satisfaction

	4 Discussion
	5 Conclusion
	Ethical approval
	Funding
	Author contribution statement
	Declaration of Competing Interest
	Acknowledgements

	References

