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The two-dimensional qualitative analysis with com-
puted microtomography revealed differences in the
macrogeometry of the groups, including thread pitch
(control = 0.805 mm, test = 1.696 mm), thread depth
(control = 0.381 mm, test = 0.402 mm) and wall thick-
ness (control = 0.294 mm, test = 0.304 mm). Furthermore,
a difference was observed in the cross-section of the
2 implants (control — trapezoidal, test — double trapezoidal).

The strain generated under axial and non-axial loading
is illustrated in Fig. 7 and 8, respectively. The qualitative
analysis of DIC showed a predominance of tensile strain
in the middle and apical regions, and compressive strain
in the cervical zone in both groups exposed to axial load-
ing. The application of non-axial loading resulted in strain
concentration in the middle and apical regions of the con-
trol group, and a substantial tensile strain concentration
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Fig. 7. Surface strain under axial loading at 250 N
A. Control group; B. Test group.

Fig. 8. Surface strain under non-axial loading at 250 N
A. Control group; B. Test group.
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in the cervical zone of the test group. Figure 9 presents
the distribution of strain generated along the implant.
All groups showed similar behavior under axial loading.
In non-axial loading, the control group demonstrated
a strain distribution that was analogous to that observed
in axial loading. Conversely, the test group exhibited
a predominance of tensile strain concentration, especially
in the cervical zone.

Discussion

The knowledge about the effect of dental implant
macrogeometry on the fatigue behavior of the implant—
abutment set is important due to its potential to predict
clinical complications.>!! Therefore, this study evaluated
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Fig. 9. Strain distribution around the implant after axial (A) and non-axial
loading (B)

The horizontal axis represents the vertical distance measurements along
the implant, as presented in Fig. 4.

the failure mode and probability of survival of dental
implants with internal conical connection and different
macrogeometries, including differences in the shape, pitch
and depth of threads. The null hypothesis was partially
accepted. The implant macrogeometry had no influence on
the failure mode or probability of survival; however, there
was a difference in stress transmission between the groups.

The specimens were subjected to cyclic loading during
SSALT. The load levels increased successively until fail-
ure or suspension to reproduce the failure modes found
clinically.!! The results suggest that all implant macro-
geometries presented high reliability (95-98%), simu-
lating maximum bite forces found in the anterior region
(100 N). Thus, they can be considered a reliable option
for incisors.??3? In the posterior regions, the load-bearing
capacity ranged between 300 N and 800 N.3! However, the
results of the present study should only be compared to
the load-bearing capacity found in the anterior regions
due to the positioning of the specimens at a 30° angle
and the 3-mm exposure of the implant in the cervical
region. This configuration simulates a worst-case scenario.
On the other hand, loading in posterior crowns occurs
in axial loading. A non-significant reduction in reliability
was observed in both groups at 150 N. Bordin et al. found
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a similar probability of survival for narrow and extra-
narrow dental implants with internal conical connection
subjected to SSALT.Y Both groups demonstrated high
reliability at 50 N and 100 N, and there was a decrease in
reliability at 150 N and 180 N, though no significant dif-
ferences were observed between the groups.

The B value revealed by the SSALT data analysis is
essential to understand the lifetime failure rate.!'** Both
groups showed [ value <1, indicating that failures of the
implant—abutment set were dictated by the strength
of the material, which is associated with premature fail-
ures. Failures attributable to the strength of the material
were also reported by other authors.'>17-1 Although the
control group exhibited higher values of characteristic
resistance and Weibull modulus than the test group, a sta-
tistical difference between the 2 groups was not identified.
The Weibull modulus was used as an indicator of survival
force and force distribution, predicting the presence
of flaws in the material structure. The higher values
observed in the control group indicated homogeneous
failure distribution, low data dispersion, structural stability,
and greater reliability.!13233

Previous studies have reported various failure modes
of the implant—abutment set after SSALT, such as screw
abutment fracture, abutment fracture,'>!>!>17-19 and frac-
ture of the implant body.” In the current study, the most
prevalent failure mode was abutment fracture and implant
body fracture, particularly in the region between the third
thread of the implant and the first thread of the abutment.
Scanning electron micrographs revealed fatigue and over-
load areas, corroborating the results of Weibull analysis,
which stated that failures were caused by the strength
of the material. The fracture originated when the strain
exceeded the titanium strength, creating the deformation
process and the formation of a plastic zone. This ultimately
resulted in the fracture of the ductile implant body.!®

In the present study, DIC illustrated tensile strain dis-
tribution under axial and non-axial loading conditions.
Non-axial loading was performed using the same angula-
tion as the specimens that were subjected to SSALT. The
digital image correlation was used to analyze the surface
strain of simulated bone models under a static load. This
method offers the advantage of being easy to implement
without disturbing the specimen, regardless of its type
and size,**** and to allow the precise full-field strain
measurement. The DIC method offers the clear advan-
tage of using real parts, which are very similar or even
identical to those manufactured for patients in the clinic.
This method ensures accuracy and repeatability, thereby
facilitating analysis. Several studies!®-1*?-2 have indicated
that DIC, despite manifesting tensions on the surface
of models, corresponded accurately to findings derived
from alternative test methods, such as finite element
analysis.®® Furthermore, these methodologies are not in
competition with one another; rather, they are regarded as
complementary approaches, allowing for a more profound
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observation of the phenomena under study and facilitating
the formulation of more substantiated conclusions. This,
in turn, paves the way for novel studies aimed at advancing
the knowledge available to clinicians.

Previous studies?!3+% have found that axial loading
resulted in a better mechanical response, whereas non-axial
loading exhibited the highest strain concentration in the
cervical region of a dental implant.2! The present study
found high concentration of tensile strain in the cervical
region of the implant in both groups, which contributed
to abutment and implant body fracture. The test group
exhibited a higher concentration of strain in the cervical
region, demonstrating that dental implants with double
trapezoidal threads presented a higher strain concentra-
tion in this region than implants with parallel threads.
Accordingly, Freitas et al. evaluated the probability of sur-
vival and strain distribution of implants with internal
conical connection and different microgeometries.!® The
researchers noted that dental implants with double trape-
zoidal threads presented a higher strain concentration in
the implant and cortical bone.®

The present study demonstrated that the macrogeometry
of dental implants had no effect on the probability
of survival; however, it modified the strain distribution
of the implant—abutment set. Dental implants with paral-
lel and double trapezoidal threads presented comparable
strain distribution during axial loading, but double trape-
zoidal threads resulted in a higher tensile strain concen-
tration in the cervical region during non-axial loading
than parallel ones. A limitation of this study is the con-
struction of a crown, which was not modeled with the
materials usually chosen in clinical settings. Thus, con-
sidering that materials used in the fabrication of abut-
ments and crowns (metal alloys, zirconia, polyether ether
ketone) can influence the distribution of deformations
within the implant—abutment—crown assembly?®3¢ due to
shock absorption or not,* translating these results into
clinical practice necessitates meticulous consideration.
It is important to acknowledge the limitations of in vitro
studies and to exercise caution when interpreting their
results. The limitations of this study include the absence
of an anatomical crown. Step-stress accelerated life test-
ing did not assess complex factors found in the oral cavity,
such as occlusal loading dynamics, neuromuscular forces
and parafunctional habits. The models used for DIC were
manufactured using a polyurethane resin that was solid,
homogeneous, devoid of porosity, and isotropic. Despite
these limitations, the results of this in vitro study dem-
onstrated potential causes of implant—abutment set fail-
ures, establishing the foundation for future research. Our
results must be validated by clinical trials that assess the
influence of macrogeometry on treatment longevity.

Mechanical complications related to the macrogeom-
etry of dental implants pose significant challenges to the
long-term success of treatment. A comprehensive analy-
sis and planning, encompassing the implant diameter,

M.B. Pereira et al. Effect of implant macrogeometry on survival and strain

length, thread design, and surface characteristics, can
help minimize these complications. Having achieved
this objective, it is possible to guarantee optimal implant
macrogeometry, enhancing implant longevity, patient sat-
isfaction and oral health. Further research is required to
develop advanced implant designs that effectively prevent
these mechanical complications.

Conclusions

The results of this in vitro study demonstrated that
the tested macrogeometries of dental implants exhibited
a high probability of survival at loads that are clinically
relevant for anterior teeth. Failure modes were restricted
to abutment and implant body fracture. A higher con-
centration of tensile strain was observed in the cervical
region of the dental implant when double trapezoidal
threads were used in comparison to parallel threads.
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Abstract

The aim of the present systematic review was to critically evaluate the recommendations from evidence-
based clinical practice quidelines (CPG) and scientific statements (SS), as well as expert consensus, related
to the management of oral complications in intensive care unit (ICU) patients.

A search was made in the PubMed, Scopus, Ovid/Cochrane, and LILACS databases, following the (PG
identification filters from the Canadian Agency for Drugs and Technologies in Health (CADTH). Both
scientific repositories and document references were incorporated as well. The critical assessment was
performed by means of the AGREE-Il instrument (an ideal scenario) for CPG and SS, and using the AGREE-
REX instrument for recommendations (ideal and local scenarios).

A total of 13 related recommendations from 4 SS were included. The mean score in AGREE-Il was 58.25.
The mean AGREE-REX scores were 45.82 and 39.07 for the ideal and local scenarios, respectively. The
included recommendations focused on the oral care assessment, and the development of prevention and
execution tools with regard to respiratory infections.

There is a lack of CPG following a rigorous methodology that would incorporate recommendations for oral
care in ICU. Dentists are responsible for the development and improvement of recommendations from (PG
and/or SS to mitigate oral complications in ICU patients.

Keywords: systematic review, intensive care unit, oral health, clinical practice guideline
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* Patients remain at high risk for developing oral health complications after ICU discharge, despite adherence to

current oral care guidelines.

+ Current oral care protocols primarily aim to prevent respiratory infections, not long-term oral complications, high-

lighting a gap in comprehensive care.

* Enhancing guidelines to include long-term oral health and involving dentists in care planning is essential, while
also accounting for healthcare system constraints and economic feasibility.

Introduction

The intensive care unit (ICU) treats critical patients
who need immediate and prioritized healthcare.! Every
day, in-patients are received in ICU because of several
complications, among which the most common ones
are arterial hypertension, diabetes mellitus, obesity, and
chronic obstructive pulmonary disease (COPD).2 Howev-
er, it is important to highlight that other non-vital health
aspects, such as oral health, could affect the quality of life
(QolL) in the long term.? The goal of professional interdis-
ciplinarity in ICU is to cooperate in the decision-making
process based on the understanding of the in-patient’s
physiology, psychology and general health. It is necessary
that ICU in-patients also receive oral care during their
stay in hospital.* In the US, the number of ICU in-patients
is estimated to be around 4.1 million per year.®

One of the most common health issues regards the
mouth; for example, some patients show frustration for
being unable to handle their thirst because of the dry
mouth (xerostomia) associated with mechanical ventila-
tion.® Some authors have reported the presence of plaque,
tongue coating, dental caries, halitosis, mucosa lesions,
periodontal disease, and residual fungal diseases within
the oral cavity in in-patients.> The frequently observed
dental caries might be related to the reduced salivary flow.
Such a decrement of saliva is caused by changes in the
oral microbiome, which is composed of microorganisms
found in human body’s ecosystems, including the oral
cavity.” Similarly, patients with periodontitis could be at
3 times higher risk for nosocomial pneumonia than those
without periodontal disease.® Indeed, elderly patients are
those with the highest risk for periodontal colonization by
pathogens.® The influence of oral bacteria on the occur-
rence of systemic complications has already been studied.
Nevertheless, the importance and relevance of bacteria in
the development of oral diseases during ICU in-patient
stay, and the fact that the deterioration of oral health will
affect the patient’s QoL in future, have not been thor-
oughly discussed yet.

The lack of protocols for oral healthcare in critical care
patients in ICU becomes the main reason for which they

develop oral complications. Oral hygiene is important for
all ICU in-patients. The appropriate oral hygiene is more
complex in ventilated patients as compared to non-ven-
tilated ones, who can practice self-care. However, there
might be other health disorders that can constraint the the
patient’s movements, thus affecting the cleaning task, e.g.,
arthritis.1®-!! As reported by Kim et al., an oral hygienic
care program proved to be successful in ICU patients due
to the supervision of the dentist, reducing the plaque in-
dex scores and the Candida albicans colonization.!?

An oral care assessment for ICU in-patients could de-
termine their oral health status and point to possible ac-
tions, which could either prevent or treat oral diseases.
Furthermore, an oral care assessment allows to establish
protocols or clinical practice guidelines (CPG) for the
ICU team, including oral health as a fundamental com-
ponent of the in-patient’s general health. There is a lack
of CPG that would incorporate recommendations for oral
care in ICU.

This work pursues to evaluate the reported recommen-
dations within CPG and scientific statements (SS), as well
as expert consensus, related to the management of oral
complications in ICU patients. The aforementioned
evaluation was performed by means of the AGREE-II and
AGREE-REX tools.

Methods
Eligibility criteria

The PICAR format was used to define the inclusion cri-
terial3:

— Population — ICU in-patients;

— Intervention — any technique, method or strategy to
prevent or treat oral sequelae due to stays in ICU;

— Comparator — any comparator;

— Guideline Attribute — CPG or SS from national and in-
ternational scientific societies or institutions in either
English or Spanish; and

— Recommendation — any either evidence-based or expert
consensus recommendation of interest was included.
The exclusion criteria were not considered.
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Information sources

Secondary database sources (PubMed, Scopus, Ovid/
Cochrane, and LILACS), and the ICU-related CPG
and SS in repositories from the Society of Critical Care
Medicine (SCCM) were searched. The final database
search was made on August 24, 2021. As additional
sources, the references cited in the included documents
and those in which the documents were cited were also
reviewed.

Search strategy

The search for documents was made by using the
CPQG identification filters from the Canadian Agency for
Drugs and Technologies in Health (CADTH),* together
with oral health terms and ICU terms (“dental” OR “oral
health” OR “oral hygiene” OR “oral care”) AND (“critical
care” OR “intensive care” OR “intensive unit” OR “ICU”).
Other types of search fields, different from the CADTH
ones, were not applied.

Selection process

The search results were sifted by 2 reviewers based on
the title and abstract reading to exclude documents irrele-
vant with regard to the objective of this systematic review.
The full text of the remainder of the results was read by
the 2 reviewers to make the final decision about the inclu-
sion, after reaching consensus in cases of disagreement.

Data collection process

Data extraction from the included documents was per-
formed by 2 reviewers independently. To this end, an MS
Excel file was used. In cases of disagreement, the full read-
ing of the document was made, and the consensus was
reached.

Data items

Information about the development process, for each
included CPG or SS, was extracted taking as a reference
the AGREE (Appraisal of Guidelines for Research and
Evaluation) reporting checklist.!® The extracted variables
were objective, population, users toward whom the rec-
ommendations are oriented, development team confor-
mation, and conflict of interest.

Synthesis methods

The CPG and SS were assessed by using the AGREE-II
tool, which considers 6 different dimensions, i.e., scope
and purpose, stakeholder involvement, rigor of develop-
ment, clarity of presentation, applicability, editorial inde-
pendence, and the overall assessment of the guidelines.
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A CPG is considered to have high methodological qual-
ity when its overall score is greater than or equal to 70
points.'® The overall score for each CPG and SS was pre-
sented. In addition, an average score for each of the di-
mensions was also provided.

The different practice recommendations were as-
sessed by means of the AGREE-REX tool, which consid-
ers 3 main domains: clinical applicability (evidence and
applicability to target users and patients/populations);
values and preferences (of target users, patients/popula-
tions, policy-/decision-makers, guideline developers),
and implementability (purpose, and local application and
adoption).'” Each recommendation has an overall score
in the ideal scenario, which is interpreted as the original
scenario for the CPG and SS. Also, an assessment com-
prising the local scenario was made, corresponding to the
Colombian context.

Each CPG was assessed by 2 reviewers independently,
whereas all the recommendations were evaluated by the
whole review team. The presented scores correspond to
the mean value of the reviewers’ scores. Neither CPG and
SS nor recommendations were excluded because of their
methodological quality.

Results

Study selection

A total of 2,303 articles were identified from the PubMed
and Scopus databases. From these 2,303 articles, 307 were
duplicated and thus removed from analysis, obtaining
a total of 1,996 articles to be sifted. After following the
established protocol consisting of title, objective, meth-
odology, and full text review, 17 articles remained. Then,
2 articles could not be recovered, 11 were excluded given
that they were neither CPG nor SS, and an additional one
was excluded for not having oral-related recommenda-
tions. The final 3 articles were included in our study, from
which 8 additional references were identified. After evalu-
ating the additional 8 articles following the same protocol,
1 article was added to the study. Thus, the 4 articles ob-
tained were discussed throughout the present study.'8-2!
The flowchart of the study is presented in Fig. 1.

Study characteristics

The characterization and methodological quality of the
included CPG and SS is summarized in Table 1.

The SS reported by Collins et al. evaluates several oral
care aspects for adult ICU in-patients.'® The practice for
oral care together with its evidence was evaluated by a con-
sensus committee from the British Association of Critical
Care Nurses (BACCN). The assessment has been performed
intending to improve the existing practices and protocols.
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Table 1. Characterization and methodological quality (AGREE-II) of the CPG and SS including recommendations related to oral care in intensive care unit

(ICU) in-patients

StUdy POPUIation Development o

To provide an evidence-based, BACCN-endorsed consensus
paper for the best practice relating to implementing oral
care, with the intention of promoting patient comfort, and
reducing HAPand VAP in critically ill patients

Collins et al.’®
2021

A survey was conducted among nurses to establish their
baseline knowledge of oral hygiene and the current oral
hygiene practices in PICU, which facilitated the development
of an oral hygiene guideline for children in PICU

Johnstone et al.'®
2010

To develop a ventilator bundle and care practices for nurses
in critical care units to reduce the rate of VAP

Sedwick et al.°
2012

oropharyngeal and tracheal trauma from the tube and
the cuff, to provide oral hygiene, promote ventilation, and
decrease the risk of VAP and HAP

Vollman et al.?!
2015

ETT management and oral care performed to prevent buccal,

AGREE-II
score [%]
) . ICU nurses, a member
adult ICU in-patients  ICU nurses of BACCN 100
L 9B I all registered
ventilated children 9 non-specified 50
) PICU nurses
in PICU
ICU in-patients ICU nurses nursgs, physicians gnd 50
respiratory therapists
ICU ventilated and
non-ventilated NA non-specified 33
patients

BACCN - British Association of Critical Care Nurses; HAP — hospital-acquired pneu
care unit; ETT — endotracheal tube; NA — data not available.

monia; VAP — ventilator-associated pneumonia; PICU — pediatric intensive

Identification of new studies via databases

Identification of studies by other means

T Identified (N =2,303): Removed before Identified from:

o —> screening (n = 307): .

] ® PubMed (n = 934) i o references in the

o @ duplicated (n = 307) included studies

£ @ Scopus (n =1,369) (n=8)

3

: |

Filtered/sifted Excluded
(n=1,996) > (n=1,861)
l Non-recovered

2| |Recovered publications publications (n = 2): Recovered publications

< for evaluation —» | @ Korean (n=1) for evaluation

[ (n=17) o full-text excluded (n=28)

5 (n=1)

2]

l Excluded publications l
Evaluated publications . (n=12): Evaluated publications Exclude(: ;;u7b)lilcat|ons
for eligibility —» | ® neither CPG nor SS for eligibility -5 :
(n=15) (n=11) (n=1) o neither CPG nor SS

) @ absence of oral care (n=7)
— l recommendations (n=1)

2

° Included in the review

S

‘_é‘ (n=4):

= ® CPG (n=0) <

®SS(n=4)

Fig. 1. PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) flowchart of the study

CPG - clinical practice guideline; SS — scientific statement.

Different factors, allowing to classify the quality of the
recommendations as high and low, were established. In
the study, in section ‘Findings; 6 main recommendations
are presented, i.e., the assessment and frequency of oral
care, toothbrushing, oral care techniques and equipment,
oral cleansing solution, toothpaste, and the technique for
cleaning dentures.'®

Guidelines for oral care and mouth hygiene for in-pa-
tients in pediatric intensive care units (PICU) were de-
veloped in a study by Johnstone et al.'” The guidelines
were proposed based on the evaluation of 14 articles
of relevance, discussing oral care specifically in this pe-
diatric population. The evidence used for the recommen-

dation design shows that there exists a tight and direct
relationship between poor oral hygiene and the increment
of plaque, bacteria colonization and a high risk of devel-
oping nosocomial infections. Therefore, it is strongly
emphasized that children in PICU require getting their
mouths regularly cleaned and examined. The researchers
promoted informal discussions with the nurses seeking to
enhance the oral health standard for children in PICU.?
The SS presented by Sedgwick et al. comprised the
set of recommendations reported by the U.S. Institute
for Healthcare Improvement, extended by incorporat-
ing, among many other factors, some oral care proto-
cols.?’ The added oral care procedures were designed in



Dent Med Probl. 2025;62(3):547-555

cooperation with respiratory therapists. In fact, although
the users of the recommendations were ICU nurses, the
responsibility for oral care was impartially distributed
among both respiratory therapists and nurses.?’ The pre-
viously mentioned cooperation reveals the need of taking
into consideration multiple health disciplines in the ICU
team.

Vollman et al. in their SS discussed the practices intend-
ed to provide oral hygiene and prevent oral trauma, in-
cluding other aspects of the oral cavity.*! These practices
are oriented to ventilated and non-ventilated in-patients.
This SS also presents the necessary knowledge for users
and a detailed checklist of the required tools and equip-
ment. Also, it proposes to involve non-ventilated patients
and relatives in the procedures, providing useful informa-
tion related to the recommendations.?!

Results of individual studies

The CPG and SS were evaluated following the quality
instrument AGREE-II, as presented in Table 1. A com-
parative diagram is shown in Fig. 2.

The SS by Collins et al. was assessed as having a high
quality (100%).'® The main limitation detected referred
to the dimension corresponding to ‘stakeholder involve-
ment’ (28%), showing that the population preferences
were not taken into consideration in the development
of the guidelines. Additionally, regarding the dimen-
sion corresponding to ‘applicability’ (42%), there is a lack
of methods and strategies to make the implementation
of recommendations easier. Nevertheless, regarding the
dimension ‘clarity of presentation’ (100%), the recommen-
dations are specific and non-ambiguous. Thus, one can
find details concerning duration, tools and frequencies
for the practices, in addition to a classification according
to the population health status, i.e., ventilated and non-
ventilated patients.'®

The quality of the SS by Johnstone et al. was medium
(50%). The main strengths appeared in the 4" domain,
corresponding to ‘clarity of presentation’ (100%), given
that a flowchart diagram clearly shows, and in a specific
manner, the practices to be followed according to children
age subgroups, indicating times, frequencies and tools.
On the other hand, the main limitation was identified in
the 5" domain, corresponding to ‘applicability’ (8%). The
SS does not present strategies to make the implementa-
tion accessible and easier nor does it discuss the possible
obstacles that could interfere with the implementation.
Additionally, advised or required resources to implement
the recommendations are not presented.'’

The quality of the SS by Sedwick et al. was determined
to be medium (50%).2° According to the evaluation re-
sults, the main limitation was detected in the 3¢ domain,
corresponding to ‘rigor of development’ (31%). Neither
the search strategy nor systematic methods are presented
for the evidence. On the other hand, the 1%t domain is out-

551

69%
38%
31%

Rigor of

Stakehold iy
akeholder
development 33%

involvement 7o,

100%

100:/0 Clarity of
83% presentation

83%
Scope and 67%
purpose 89%

42% o 50%
8% Applicability Editorial 100%
92% independence 50%

(Collins, 2021)
(Johnstone, 2010)
(Sedwick, 2012)

Fig. 2. Average scores for the clinical practice guidelines (CPG) and
scientific statements (SS) with regard to the AGREE-Il dimensions

standing (89%), describing in detail the objective of the
guidelines, the problem question and the population.
Similarly, the 4" domain (83%), with the recommenda-
tions being precise and non-ambiguous.?

The SS presented by Vollman et al. obtained scores
showing a low quality (33%).?! The main limitations were
found in the domains number 2 (6%) and 6 (0%), corre-
sponding to ‘stakeholder involvement’ and ‘editorial inde-
pendence, respectively. These low scores occurred, since
the development team is not clearly mentioned, the pref-
erences of the population were not considered in the de-
velopment of the recommendations and the users of the
guidelines are not presented. In contrast, the 4" domain,
corresponding to the ‘clarity of presentation’ (78%), be-
comes the main strength of this SS given that the recom-
mendations are presented in a very clear way, including
step-by-step instructions, and avoiding ambiguity.?!

Results of synthesis

The 4 included SS present a total of 13 recommenda-
tions, which are related to ICU in-patients’ oral health
(Table 2, Fig. 3).

45.8%
16.6% Values and

20.8% preferences

72.2%
Clinical 61.1%
applicability 44.4%

66.6%

66.7% |mplementability
58.3%

(Collins, 2021)
(Johnstone, 2010)
(Sedwick, 2012)

Fig. 3. Average scores for the recommendations with regard to the AGREE-
REX dimensions in the ideal case
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The mean global scores in the ideal and local scenarios
in the study by Collins et al., according to the AGREE-
REX tool, were 59.3% and 40.7%, respectively, showing
few weaknesses in the recommendations.!® In the ideal
scenario, the low score is mainly observed in the domain
of ‘values and preferences’ (45.8%). since neither the ob-
jective users nor the patients’ acceptability were consid-
ered within the recommendation design. Regarding the
local scenario, the main weaknesses were identified in
the domains ‘values and preferences’ (15.0%) and ‘imple-
mentability’ (41.6%). As part of the recommendations,
professional team training is suggested, which necessar-
ily implies the assignment of funds, making it difficult to
implement in the local context. It is well known that there
are several other priorities in the local healthcare system
to assign resources. The strengths for the ideal scenario
were identified in the domains ‘clinical applicability’
(72.2%) and ‘implementability’ (66.6%), highlighting the
fact that the recommendations are exact and explained
step by step, defining the population and the health issue
it intends to solve. In the local scenario, the ‘clinical appli-
cability’ got a score of 61.0% given that the recommenda-
tions are within the nurses’ scope.!®

The mean AGREE-REX scores for both the ideal and
local scenarios in the study by Johnstone et al. showed
a low value (approx. 16%) in the domain ‘values and pref-
erences’ for both scenarios.!® This low score is mainly re-
lated to the fact that the preferences of the population,
users and patients, were not included in the SS. The main
strength for the 2 scenarios (ideal and local) is focused
in the ‘implementability’ domain ( approx. 67%), with the
alignment between the recommendations and the SS ob-
jective clear set, i.e., to improve the oral health of in-pa-
tient children in PICU. Moreover, the resources required
for the implementation of the recommendations are
considered, and the SS also establishes the training and
knowledge needed by the users. Although the knowledge
and training requirements can become a limitation due to
the lack of personnel and equipment in some regions, the
recommendations are equally aligned with the oral health
objectives in the local context.t’

For the SS reported by Sedwick et al., the mean global
scores for the ideal and local scenarios, according to the
tool AGREE-REX, were low, with values of 37.0% and
29.6%, respectively.?’ The main strength in the ideal con-
text (the ‘implementability’ domain with 58.3%) is due to
the impact of the recommendations on the patients’ out-
comes. Moreover, professional team training is shown in
detail, including the cost reduction that hospitals would
achieve. Concerning the local scenario, the highest score
was observed in the ‘clinical applicability’ domain (44.4%)
given that the evidence used for the development of the
recommendations could also be found. Nevertheless, it is
quite relevant to point out that it is not feasible to per-
form oral care every 2 h in the local context due to the
lack of personnel in ICU. The domain with the lowest
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score was the one related to ‘values and preferences’ for
both scenarios (ideal scenario — 20.8%, local scenario —
12.5%).20

The AGREE-REX scores for the SS presented by
Vollman et al. showed a medium quality, with a value
of 44.4% in the ideal scenario and 39.7% in the local sce-
nario.?! This SS has an impact on the users, as it stipulates
the pre-requisite knowledge. Also, this SS mentions the
suggested education schemes for both patients and their
relatives, which can end up in the successful dissemina-
tion of the recommendations. In addition, they can be
customized for patients form different subgroups. The
latter justifies the highest score observed in the domain
known as ‘implementability’ (75.0%). In the same way as
discussed above for Sedwick et al., the SS by Vollman et al.
has the main weaknesses in the domain of ‘values and
preferences, for the ideal and local scenarios, with a value
around 4%. Although the SS involves the nurses by men-
tioning their pre-requisite knowledge, and the patients by
suggesting education schemes, the values and preferences
of these objective users and the population were not re-
ported in the design of the recommendations.?!

Discussion

Given that in-patients in ICU are in a critical health
state that puts their life in danger, oral care is not part
of the priorities. The oral issues are shadowed and under-
estimated because of other health complications concern-
ing other integral health fields,?’ which might explain the
lack of previous studies on the CPG and SS concerning
this topic. To the best of our knowledge, the quality as-
sessment of SS related to the oral health of ICU in-pa-
tients, as well as their recommendations, has not been
reported in the literature yet.

The previously mentioned situation suggests a new
problem. In cases where the in-patient overcomes their
health difficulty and is discharged from ICU, they will
have to deal with oral health issues in the long term, as
during their stay in hospital, they could develop caries,
gingivitis and periodontitis, among others.?>?* However,
within the assessed SS, one can find several practices in-
volving oral care, which can, in turn, be complemented
and improved to mitigate future oral health issues in ICU
in-patients.?*

The identified quality of the 13 recommendations
found, related to oral care in ICU in-patients, was low.
With regard to the SS objective, recommendations that
are exclusively oriented to the prevention of oral health
issues were not found. However, there were recommenda-
tions linked with oral care, but mainly intended to prevent
ventilation-associated pneumonia (VAP).?

Additionally, the proposed recommendations lack
of arigorous methodological design, e.g., the different con-
siderations depending on the population comorbidities,
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the alignment between the practice scope and the objec-
tive users’ actions to achieve a proper clinical applicabil-
ity, the identification of the required resources, and the
detection of possible barriers. Given that the aforemen-
tioned elements are missing, the implementation of the
recommendations turns to be difficult.

Four possible roles, which oral health professionals can
either directly or indirectly play in the oral care of ICU in-
patients, have been determined.?® First, the participation
of the dentist in the design of the recommendations. The
existence of some SS, which already have recommenda-
tions associated with oral care to avoid the development
of respiratory infections, becomes an opportunity to
complement such recommendations by considering pos-
sible oral complications. Second, the dentist actively ex-
ecuting the recommendations, i.e., the dentist being part
of the ICU team. Some evidence has shown improvement
in oral health and the prevention of respiratory infections
when involving the dentist.® Third, the dentist perform-
ing the training of the CPG and SS users. For example, the
nurses have been shown to perceive the ICU in-patients’
oral care as the most difficult task to do, in addition being
a low-priority intervention.”! Thus, there is an undoubt-
able need for the ICU nurses to be trained by the den-
tist. Fourth, the dentist in the post-ICU care. Most of the
patients who get discharged from ICU have to deal with
health sequelae at the physical and mental level, known as
post-ICU syndrome.?® It is required to evaluate whether
the knowledge-based and practice-based training of the
dentists is adequate to cope with the challenges emerging
during the post-ICU period.

Limitations

Some limitations must be considered. Since it is a sys-
tematic review, one should keep in mind the existing bias
caused by the language, which was constrained to English
and Spanish. Therefore, gray literature reports could have
been omitted within the systematic review.

Conclusions

There exists a high risk to develop oral health complica-
tions in patients after having been discharged from ICU,
even though oral care-related recommendations were fol-
lowed. Oral care recommendations are not designed to
prevent oral complications; instead, they are designed to
prevent respiratory infections associated to ventilation.

This shortcoming presents an opportunity to comple-
ment the existing recommendations, broadening their
purpose — not only focusing on infection prevention, but
also on mitigating the potential long-term oral complica-
tions during the post-ICU period. It is concluded that the
dentist plays a significant and essential role in improving
CPG and SS for ICU in-patients. Additionally, it is crucial
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to consider the management and economic limitations, as
well as the coverage of the health care system, when im-
plementing these recommendations in the local context.

Registration and protocol

The present study is registered in PROSPERO under
the ID CRD42021254982. It follows a rigorous methodol-
ogy proposed by Johnston et al.,'* and the PRISMA (Pre-
ferred Reporting Items for Systematic Reviews and Meta-
Analyses) guidelines.?”

Ethics approval and consent to participate
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The datasets generated and/or analyzed during the cur-
rent study are available from the corresponding author on
reasonable request.
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