hygiene

Article

A Cross-Over Randomized Controlled Clinical Trial for

Evaluation of Two Hyg

iene Protocols on Microbial Load,

Tissue Health, and Opinion of Ocular Prosthesis Wearers

Lais Ranieti Makrakis, Adriana Barbosa Ribeiro
, Evandro Watanabe

Ana Paula Macedo

check for
updates

Citation: Makrakis, L.R.; Ribeiro,
A.B.; Evelin, L.d.S.; Oliveira, V.d.C.;
Macedo, A.P.; Watanabe, E.;
Silva-Lovato, C.H. A Cross-Over
Randomized Controlled Clinical Trial
for Evaluation of Two Hygiene
Protocols on Microbial Load, Tissue
Health, and Opinion of Ocular
Prosthesis Wearers. Hygiene 2023, 3,
428-440. https://doi.org/10.3390/
hygiene3040032

Academic Editor: Giinter Kampf

Received: 9 September 2023
Revised: 20 October 2023
Accepted: 31 October 2023
Published: 3 November 2023

Copyright: © 2023 by the authors.
Licensee MDPI, Basel, Switzerland.
This article is an open access article
distributed under the terms and
conditions of the Creative Commons
Attribution (CC BY) license (https://
creativecommons.org/licenses /by /
4.0/).

, Leticia de Sa Evelin, Viviane de Cassia Oliveira (,
and Claudia Helena Silva-Lovato *

Ribeirao Preto School of Dentistry, University of Sao Paulo, Ribeirao Preto 14040-904, Brazil;
lais.makrakis@usp.br (L.R.M.); driribeiro@usp.br (A.B.R.); leticiaevelin@usp.br (L.d.S.E.);
vivianecassia@usp.br (V.d.C.O.); anapaula@forp.usp.br (A.P.M.); ewatanabe@forp.usp.br (E.W.)
* Correspondence: chl@forp.usp.br

Abstract: The recommendations for the wear and hygiene of ocular prostheses can vary among
practitioners, and it is still a controversial theme in the literature. This clinical trial evaluated the
microbial load, tissue health of the socket, and the participants’ opinions before and after the use of
two hygiene protocols. Thirty ocular prosthesis wearers used either a Daily Protocol (DPt: hygiene
once a day) or Weekly Protocol (WPt: hygiene once a week) for 5 weeks with a washout of 7 days.
The microbial load was quantified by the colony-forming unit count of the aerobic bacteria, Candida
spp., Staphylococcus spp., and Gram-negative bacteria. The tissue health of the socket was evaluated
by scores, and patients’ opinion of the protocols was evaluated using the analogic visual scale (VAS).
Data were analyzed by ANOVA Repeated Measures, Friedman, Cochran’s Q Test, Wilcoxon, Fisher,
and Pearson’s chi-square tests considering p < 0.05. There was no difference in the microbial load of
the microorganisms (p > 0.05). Both protocols improved socket inflammation (p = 0.005) and discharge
(p < 0.001); DPt improved edema (p = 0.021) and crusting (p = 0.020). There was no difference in
patients’ rating responses (VAS) for all the questions of patients” opinion (Q1: p = 1.0; Q2: p = 1.0;
Q3:p=1.0;Q4: p =1.0; Q5: p = 1.0; Q6: p = 0.317; Q7: p = 1.0; Q8: p = 0.159). There was a correlation
between eye drops/edema (p = 0.030), eye drops/pain (p = 0.016), microbial load with discharge,
inflammation, eyelid edema, and pain. Inflammation was correlated with edema at baseline (p < 0.001)
and after DPt (p = 0.018), and with crusting at baseline (p = 0.003); edema was correlated with crusting
at baseline (p < 0.001); crusting was correlated with discharge after WPt (p < 0.001). The protocols
showed no effects on the microbial load of the anophthalmic socket and ocular prosthesis. However,
better tissue health and patient acceptance were observed after both regimens.
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1. Introduction

The rehabilitation with an ocular prosthesis positively impacts quality of life by
restoring appearance and social functioning [1]. However, some complications related
to rehabilitation can occur while using an ocular prosthesis. Ocular prosthesis wearers
may experience socket discomfort, including discharge, crusty eyelashes, inflammation,
eyelid edema, dryness, and pain. The causes of discomfort can be related to infections or
inflammation of the socket, tear film impairment, alterations in lacrimal drainage, surgical
complications, phantom eye pain, environment changes, poor fitting, and frequent or
inappropriate cleaning of the prosthesis [2-15]. The association between cleaning and socket
discomfort may be related to a dysbiosis of the microenvironment of the anophthalmic
socket caused by the introduction of pathogenic microorganisms from hands or by the
removal of the lacrimal proteins that coat and lubricate the ocular prosthesis [2,3,16-20].
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The ocular prosthesis cleaning regimen is still controversial in the literature [2,21-25].
Studies found no association between cytological alterations of the anophthalmic socket
conjunctiva and prosthesis care [21], and between the discharge and irritation of the socket
with care and wear routine [24]. However, regular cleaning of the ocular prosthesis may be
important to prevent the anophthalmic socket from contracting infections [25-32].

Studies have found that the microorganisms that colonize the ocular prosthesis are
similar to those that colonize the anophthalmic socket [29,30,33] and found 38 different
species of microorganisms colonizing both anophthalmic socket and ocular prosthesis, with
a higher percentage of Gram-negative and of Staphylococcus aureus [30,33,34]. Care with the
hygiene of the ocular prosthesis should consider the individual needs of the patients, but
the establishment of guiding protocols can be of great help for decision making and for the
adequate orientation of the patient [2]. Currently, randomized controlled clinical trials to
evaluate the effect of the standardized prosthetic ocular hygiene protocols on the microbial
load and the tissue health of the anophthalmic socket are scarce [29].

Thus, this cross-over randomized controlled clinical trial evaluated the microbial
load present in the socket and on the ocular prosthesis, tissue health of the anophthalmic
socket, and the opinion of the ocular prosthesis wearers before and after the use of two
hygiene protocols, as well as the relationship among these variables. The null hypothesis
considered there are no differences between the Daily Protocol (DPt) and Weekly Protocol
(WPt) regarding the effect on microbial load, tissue health of the anophthalmic socket, and
patients” opinions.

2. Materials and Methods

This randomized, controlled, blinded, and cross-over clinical trial followed the Con-
solidated Standards of Reporting Trials statement, CONSORT. Research Ethics Com-
mittees of the University of Sao Paulo at Ribeirdao Preto School of Dentistry (CAAE:
71783917.6.0000.5419) approved the study, and the trial was registered at http://www.
ensaiosclinicos.gov.br/rg/view /6866/(TRIAL: RBR-8VZWDG) URL accessed on 24 Septem-
ber 2018. Participants were enrolled in the study after an informed consent form was signed.

Participants were recruited from the Ribeirao Preto School of Dentistry. The inclusion
criteria were age > 18 years, good general health conditions, and wearing ocular prostheses
for at least 3 months with satisfactory retention, adaptation, and finished surface. The
exclusion criteria were inflammatory and/or local infectious diseases, neoplasms, or other
diagnosed and untreated deformities; the presence of orbital prosthesis; the use of antibi-
otics, steroids, or antifungal agents at least 3 months before the study or during follow-up;
alcoholism; serious illnesses; the need for frequent hospitalization; and the inability to
attend the return visits for evaluation.

The sample size was determined by Open-Source Epidemiologic Statistics
(openepi.com) [35], and an estimation was based on the colony-forming unit (CFULog10)
counts. The parameters showing a minimally significant difference of 1 log and a standard
deviation of 1.30 led to a total sample size of 23 participants to ensure a power of 80%
(e = 0.050; B = 0.200) and to reject the null hypothesis, considering results found in the
literature [26].

The sociodemographic and baseline data were assessed, and the participants were
randomly assigned following computer-generated randomization (Excel 2010; Microsoft
Corp, Redmond, WA, USA) into two groups: one group following the DPt, which consisted
of cleaning the ocular prosthesis with neutral soap (Pleasant; Perol, Ribeirao Preto, Brazil)
once a day, and another group following the WPt, which consisted of cleaning the ocular
prosthesis with neutral soap (Pleasant; Perol) once a week. These protocols were applied
following two interventions, according to a cross-over design for 5 weeks with a washout
period of 7 days. During the washout, the patients were oriented to maintain the routine
care they usually performed before the research.

Participants received a dosed bottle with neutral soap and another with saline solution.
They were instructed to wash their hands with the neutral soap and in the morning, upon
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waking up, the prosthesis should be removed from the cavity, rubbed on all surfaces with
the fingertips with a drop of soap for one minute, and rinsed thoroughly under running
water. The face should also be washed with the same soap, and the anophthalmic socket
should be washed with plenty of water. To avoid rubbing and the manipulation of the
prosthesis during the day, the participants were instructed to drip saline solution (Saline
Solution; Arboretum) into the cavity, without removing the prosthesis. The use of eye
drops or any other product for cleaning during the experiment was suspended. Response
variables were measured in baseline (B) and after each period of the protocol used.

Researchers were blinded to the protocols. A researcher (V.C.O.) generated the ran-
domization list, and another researcher (L.R.M.) instructed participants on the hygiene
protocols. L.S.E. and C.M.A.PM. performed the biofilm collection and laboratory process-
ing, the evaluation of the clinical characteristics was performed by C.H.S.-L., and data
tabulation and analysis were performed by C.H.S.-L. and A.P.M. The participants were not
“blinded” once they needed the instructions to perform the instituted protocol.

The primary outcome was the quantification of the microbial load of the specific
microorganism. Biofilm was collected from all surfaces of the ocular prostheses and the
lower, upper tarsal, and bulbar conjunctivas with two sterile micro brushes (Micro brush;
Shanghai Even Medical Instruments Co., Shangai, China) for each site [24]. The two active
tips of each site were inserted into micro tubes containing 250 uL of phosphate-buffered
saline (PBS), which were immediately vortexed for 1 min. Then, 25 pL this solution was
diluted from 100 to 10~ 3, sown in Petri dishes in a specific culture medium, and incubated
at 37 °C for 48 h for the growth of total aerobic bacteria, Candida spp., Staphylococcus spp.,
and Gram-negative bacteria. The anticandidal effects were determined by microbial load
using the formula CFU/mL = number of colonies x 10 n1/q, where n is the absolute value of
dilution (0, 1, 2, or 3, considering dilution that CFUs count ranged from 0 to 300 colonies),
and g is the quantity pipetted for each dilution at inoculation (0.025 mL). The data were
Logjo-transformed.

The secondary outcomes were clinical characteristics of the anophthalmic cavity and
participants’ opinions about the two protocols. An experienced professional evaluated the
clinical characteristics during the clinical examination associated with analyses of the im-
ages obtained of the anophthalmic socket, without their ocular prosthesis. The photographs
(Canon EOS Digital Rebel EF-S 18-55; Canon Inc., Tokyo, Japan) were performed with
standardized camera-to-object distance and exposure time, and transferred to a computer to
obtain the scores, as follows: inflammation of the socket (absent = score 0; present: score 1);
eyelid edema (absent = score 0; present: score 1); discharge (absent = score 0; present = score
1; abundant = score 2); and crusting (absent = score 0; present = score 1) [36]. Based on the
patient’s report, the pain was scored as absent = 0 or present = 1. The results were analyzed
based on the frequency of the participants with the improvement or worsening of clinical
characteristics before and after using the protocols.

Information about the participants’ opinions and adherence to one of the two protocols
was obtained by a form (Table 1). The questions were answered on a 0-10 scale (Analogic
Visual Scale-AVS), in which “0” was the worst possible (most negative) answer and “10”
was the best possible (most positive) answer.

As complementary analyses were verified the correlation between clinical charac-
teristics with sociodemographic data, clinical characteristics between them, and clinical
characteristics with microbial load.

The protocols were compared to the capacity of the microbial load reduction and the
ability to maintain or obtain healthy tissues. Shapiro-Wilk and Levene tests were used to
verify the normality and homoscedasticity of the data, respectively. The ANOVA Repeated
Measures Test and the Friedman Test were used for comparison of the microbial load. The
Friedman Test was used to compare discharge, and the Q Test of Cochran was used to
compare eyelid conjunctiva inflammation, eyelid edema, crusted eyelashes, and pain. The
Wilcoxon Test was used for the analysis of the items of the questionnaire. Fisher’s exact
test and Pearson’s chi-square test were used to analyze the correlation between variables.
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Differences were considered significant when p < 0.05 and all tests were performed by
using a statistical software program (SPSS Statistics 21.0; IBM, Chicago, IL, USA).

Table 1. Questionnaire to assess participants’ satisfaction with hygiene protocols.

Questions—Choose a Number from 0 to 10 that Best Describes Your Opinion for Each of the
Questions Below

1. Did you feel comfortable after cleaning the ocular prosthesis?

\ | | | | | | | | | |
0 1 2 3 4 5 6 7 8 9 10

Not comfortable Very comfortable

2. Did you feel the ocular prosthesis and cavity being clean after cleaning?
\ | | | | | | | | | |
0 1 2 3 4 5 6 7 8 9 10
Not at all Very much

3. Do you think the product cleaned your ocular prosthesis?
\ | | | | | | | \ \ |
0 1 2 3 4 5 6 7 8 9 10

Not at all Very much

4. Do you think the product smells pleasant?

\ | | | | | | | \ \ |
0 1 2 3 4 5 6 7 8 9 10

Not at all Very pleasant

5. Do you think the product smell interfered with your comfort after cleaning?
\ | | | | | | | \ \ |
0 1 2 3 4 5 6 7 8 9 10
Not at all Interfered a lot

6. Do you think a minute for cleaning is an adequate time?

\ | | | | | | | | | |
0 1 2 3 4 5 6 7 8 9 10

Not at all Very appropriated

7. Do you think the product was completely eliminated after rinsing it off with running water?
\ | | | \ \ \ \ | | |
0 1 2 3 4 5 6 7 8 9 10

Not at all Completely

8. Do you think it is good to clean the prosthesis once a day/week?
\ | | | | | | | | | |
0 1 2 3 4 5 6 7 8 9 10

Not at all Certainly yes
3. Results

A total of 51 individuals were assessed. The final sample consisted of 30 participants
(Figure 1).

The characteristics of the sample are summarized in Table 2. There was no significant
difference between the microbial load of the analyzed microorganisms in the baseline and
after the use of the protocols (Table 3).
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Figure 1. CONSORT 2010 Flow Diagram.

Table 2. Sociodemographic and clinical information of the participants in absolute number and

percentage (%).

Gender Origin
Male 14 (46) Ribeirdo Preto 8(27)
Female 16 (54) Nearby Cities 22 (73)
Age
18-39 5(17) 50-59 6 (20)
40-49 8(27) 60+ 11 (36)
Time of loss Cause of Eye Loss

0to 10 9 (30) Pathology 14 (47)
11 to 30 10 (33) Trauma 14 (47)

31+ 11 (37) Congenital 2 (6)
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Table 2. Cont.

Prosthesis type Eye drop use
Industrialized 63 (19) Yes 9 (30)
Customized 37 (11) None 21 (70)
Patient referral Surgery
Hospital 24 (80) Enucleation 16 (53)
Internet 3 (10) Evisceration 13 (44)
Directly 2(7) None 1(3)
UHS * 1(3)
Frequency of prosthesis cleaning (Baseline) Cligg:;ﬁig)e nt
Non reported 7 (23) Neutral soap 7 (24) Baby shampoo (BS) 3(10)
Daily (1 to 5 times a day) 14 (47) Common soap (CS) 6 (20) BS and saline 1(3)
Weekly (1 to 2 times a week) 6 (20) CS and saline 2 (6) Saline only 2 (6)
Monthly (1 to 2 times a month) 3 (10) CS and boric acid 1(3) Water only 8 (27)

* Unified Health System. Cleaning agent: substances the patients use for their usual cleaning routine of the
prosthesis.

Table 3. Microbial load (CFULog10) of the microorganisms in baseline and after the use of the daily
(DPt) and weekly (WPt) hygiene protocols.

Microorganisms Ocular Prosthesis p Socket p
Baseline DPt WPt Baseline DPt WPt
Total aerobes 384+£152 337+149 367+129 0119* 36+102 335+110 354128 0.328 *
Gram-negatives 1244+196 114+£177 125+164 0.677* 1.06 £1.42 95+1.6 1.03 £156 0.511*
Staphylococcus spp. 273 +157 205+190 242+143 0.132* 2544+150 234+138 1.92+147 0.134*
Candida spp. 024+066 021+065 007+039 012* 027+£073 016+051 0.07+039 0.130**

* ANOVA Repeated Measures Test; ** Friedman Test.

The frequency of the participants with inflammation of the mucosa and discharge was
significantly lower after the use of both protocols when compared to the Baseline. After the
use of the DPt, there was a decrease in the frequency of individuals with eyelid edema and
crusting followed by WPt and Baseline. The protocols did not influence the pain complaints
(Table 4).

The analysis did not show significant difference between the participants’ opinions
with DPt and WPt (Q1: p =1.0; Q2: p=1.0; Q3: p =1.0; Q4: p = 1.0; Q5: p =1.0; Q6: p = 0.317;
Q7: p=1.0; and Q8: p = 0.159). Regarding the correlation between sociodemographic data
with clinical characteristics (Table 5), there was a significant correlation between the use of
eye drops with eyelid edema (p = 0.030) and the use of eye drops with pain (p = 0.016).

The correlation analyses between clinical characteristics at baseline and after the use
of the hygiene protocols showed a correlation between socket inflammation with eyelid
edema at baseline (p < 0.001) and after the DPt (p = 0.018); socket inflammation with
crusting (p = 0.003) and eyelid edema with crusting (p < 0.001) at baseline; and crusting
with discharge (p < 0.001) after the WPt (Table 6).

The correlation between all microorganisms with signs of inflammation at different
times of collection shows some correlation between microorganisms and eyelid edema,
discharge, and pain was also identified (Table 7).
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Table 4. Comparison of the participant’s frequency (absolute number (%)) with or without alterations
in the clinical characteristics assessed at Baseline (B) and after the use of the daily (DPt) and weekly
(WPt) hygiene protocols.

Baseline DPt WPt
Absent 18 (60) 24 (80) 25 (83)
Inflammation Present 12 (40) 6 (20) 5(17)
p =0.005* a b b
Absent 20 (67) 26 (87) 25 (83)
Eyelid edema Present 10 (33) 4(13) 5(17)
p=0.021 a b a,b
Absent 7 (23) 16 (53) 19 (63)
. Present 17 (57) 13 (44) 7 (23)
Discharge Abundant 6 (20) 1(3) 4(14)
p <0.001 ** a b b
Absent 22 (73) 29 (97) 27 (90)
Crusting Present 8 (27) 1(3) 3(10)
p=0.020*% a b ab
Absent 25 (83) 25 (83) 25 (83)
Pain Present 5(17) 5(17) 5(17)
p =1.000 * a a a

* Cochran Q Test; ** Friedman Test ab: Equal letters indicated statistical equality.

Table 5. Correlation between sociodemographic data with clinical characteristics.

Sociodemograpfic Data Socket Inflammation Eyelid Edema Crusting Pain Discharge
Gender 1.000 * 0.709 * 0.417* 1.000 * 0.544 **
Age 0.153 ** 0.340 ** 0.487 ** 0.266 ** 0.398 **
Cause of loss 0.364 ** 0.162 ** 0.470 ** 0.254 ** 0.546 **
Time of loss 0.111 ** 0.510 ** 0.341 ** 0.604 ** 0.566 **
Type of prostheses 1.000 * 0.702 * 0.417 % 0.129 * 0.157 **
Type of surgery 0.137 * 0.112* 0.076 * 0.876 * 0.461 **
Hygiene products 0.158 ** 0.420 ** 0.380 ** 0.111** 0.301 **
Eyedrops 0.102* 0.030 * 0.666 * 0.016 * 0.582 **

* Fisher exact test; ** Pearson’s chi-square test.

Table 6. Correlation (p) between clinical characteristics at baseline (B), and after the use of the daily
(DPt) and weekly (WPt) hygiene protocols.

Socket Eyelid . . .
Inflammation Edema Crusting Pain  Discharge
B Eyelid <0.001 * -
edema
DPt Eyelid 0.018 * -
edema
WPt Eyelid 0.183 -
edema
B Crusting 0.003 * <0.001 *
DPt Crusting 0.2 1
WPt Crusting 1 0.064
B Pain 0.064 0.3 0.589
DPt Pain 1 0.538 1
WPt Pain 1 0.183 0.064
B Discharge 0.158 0.382 0.118 0.159
DPt Discharge 0.843 0.133 0.508 0.876
WPt Discharge 0.467 1 <0.001 * 0.154

* Fisher exact test.
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Table 7. Correlation between clinical characteristics and microbial load of the prosthesis and socket

at Baseline(B) and after the use of the daily (DPt) and weekly (WPt) hygiene protocols.

Ocular Prosthesis

Anophthalmic Socket

B DPt WPt B DPt WPt
i , r 0215 0.315 0.49 0.271 0.408 0.596

nilammation p 0.253 0.09 0.006 * 0.147 0.025 * 0.001 *

Evelid Edema r 0.157 0.136 0.399 0.07 0.254 0.307

Y p 0.408 0.472 0.029 * 0.712 0.176 0.099
Total aerobes . r 0.275 0.161 0.235 0.235 0.125 —0.124
Discharge p 0.142 0.396 0.211 0211 0.51 0.512
Crustin r 0.219 —0.09 0.056 0.333 —0.031 —0.162

8 p 0.246 0.638 0.768 0.072 0.871 0.393
Pai r —0.108 0.02 0.052 —0.083 0.236 —0.075

amn p 0.569 0.918 0.784 0.664 0.209 0.695

il . r 0.395 0.345 0.375 0.076 0.432 0.45

nilammation p 0.031 0.062 0.041 0.689 0.017 0.013

Evelid Edema r 0.276 0.225 0.242 —0.14 0.301 0.453

y p 0.14 0.232 0.198 0.459 0.106 0.012

Gram-negative : r 0.089 0.143 0.311 0.037 0.154 0.207
Discharge p 0.639 0.452 0.095 0.848 0.416 0.272

Crustin r 0.083 —0.121 0.109 —0277 —0.11 0.199

J p 0.661 0.523 0.566 0.139 0.564 0.291

Pai r —0.141 —0.157 —0.018 —0216 —0.102 0.045

am p 0.458 0.408 0.926 0.251 0.591 0.814

il , r 0.402 0.438 0.403 0.361 0.282 0.571

nilammation p 0.028 0.016 0.027 0.05 0.132 0.001

Evelid Edema r 0.169 02 0.14 0.135 0.103 0.351

Y p 0.371 0.29 0.461 0.476 0.589 0.057
Staphylococcus spp. . r 0.381 0.158 0.052 0.199 0.21 —0.055
Discharge p 0.038 0.405 0.786 0.291 0.264 0.774

Crustin r 0.285 0.045 —0.24 0.348 —0.005 0.013

J p 0.127 0.811 0.202 0.06 0.979 0.945
Pai r —0.02 0.062 0.069 0.185 0.239 —0.065

am p 0.917 0.744 0.717 0.328 0.203 0.732

i , r 0.002 0.643 0.415 0.283 0.656 0.415

nilammation p 0.99 0.00 0.023 0.129 0.00 0.023
Evelid Edema r 0.054 0.077 —0.083 0.217 0.521 —0.083

Y p 0.776 0.688 0.663 0.25 0.003 0.663

Candida s Discharge r 0.22 0.163 0.129 0.273 —0.101 0.129
PP- & p 0.242 0.389 0.496 0.145 0.595 0.496
Crustin r 0.113 —0.06 —0.062 0.287 —0.061 —0.062

8 p 0.553 0.754 0.745 0.125 0.749 0.745

Pai r —0.164 0.173 0.415 —0.166 0.141 0.415*

amn p 0.388 0.361 0.023 0.382 0.458 0.023

* Pearson correlation.

4. Discussion

Anophthalmic socket discomfort and discharge are the main complaints of the ocular
prosthesis wearers [3-5,12,14,20,29]. Studies investigating the factors related to the clinical
signs and symptoms of these population demonstrates conflicting observations, which are
mainly associated with the frequency of cleaning habits and the presence of pathogenic
microorganisms [2,3,8,12,16,17,21,24-26,28-31,33]. Since ocular prosthesis wearers have
a relative risk of developing ocular infections once the anophthalmic socket has more
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microorganisms than the fellow eye and carries potential pathogenic bacteria such as
Staphylococcus aureus, S. epidermidis, and Gram-negative species [25-30], the investigation of
the influence of microorganisms and the relationship with clinical signs and discomfort has
been of great interest.

Thus, our study aimed to establish a protocol for prosthetic ocular wearers, assessing
the effect of two protocols of prosthesis hygiene on the microbial load of the anophthalmic
socket and ocular prosthesis, to assess the influence of the protocols on the tissue health of
the anophthalmic socket and to collect the patient’s opinion of the established protocols.
The null hypothesis of this study was partially accepted. No differences were found
regarding the effect of the protocols on microbial load and patients” opinions, but there
were differences between the baseline and the protocols on tissue health (clinical signs
of inflammation).

Although no difference was found in the microbial load before and after the protocols
the colony-forming units count in all observations was higher than 1Log for total aerobic,
Gram-negatives, and Staphylococcus spp., and this is considered a high value [37]. This
result corroborates in part with an observational study of Toribio et al. (2017) who found
a high microbiological density and the presence of pathogenic microorganisms in the
anophthalmic socket [29] and is in contrast with a clinical trial of Paranhos et al. (2008),
who found a decrease in microorganisms before and after the use of cleaning agents, such
as liquid soap [26]. This difference could be associated with differences in the methodology
of the studies.

The signs of inflammation and discharge on the anophthalmic socket can be caused
by many factors, including poor fitting and finishing of the ocular prosthesis [8,16,17,21,38];
biofilm adhesion [26,27,32,33]; bacterial or viral infections [4,5]; the frequent removal of the
prosthesis [2,3,16]; surgical complications, such as implant exposure or pyogenic granu-
loma [4,5,9]; alterations in meibomian glands and poor lubrication of the
socket [4,5,13,15,20]; and exposure to adverse environmental conditions, like dry weather
and air conditioner [20,38,39].

Recommendations for the use, removal, and cleaning of the ocular prosthesis may
vary between professionals [22]. This fact can also be observed by the heterogenous habits
of our sample at baseline. Studies have demonstrated an association between the frequent
removal or cleaning of the prosthesis and socket discomfort, inflammation, discharge, and
lid abnormalities [3,12,16]. However, these observations are in contrast with other studies
that showed that patients who performed daily hygiene had fewer problems with the
anophthalmic socket [25], and symptoms of discomfort were not correlated with hygiene
habits but with the presence of pathogenic microorganisms [24]. The relationship direction
between the frequency of cleaning and eyelid abnormalities or discharge, for example, is
still not clear, since both problems have multifactorial causes. Lid abnormalities can be
associated with many other variables, such as aging, surgical complications, inadequate
implant size, and heavy ocular prosthesis [40], and their appearance can be a clinical
course of those complications. Discharge can be associated with tear film impairment or
morphological alterations of the lacrimal apparatus [21,24]. So, there is a clear importance
of the development of longitudinal studies and clinical trials to effectively assess the
relationship between prosthesis insertion, hygiene regimen, and signs and symptoms of
anophthalmic socket. Also, there is the importance of a protocol establishment, with regular
care, to avoid the inadequate care of the patients (such as an excess or a lack of hygiene)
and a protocol that considers the exposure to external environmental factors [20].

Although the results of the present study do not demonstrate a decrease in the micro-
bial load, they also show that there was no increase. Thus, through this controlled clinical
trial, it can be stated that frequent manipulation for the hygiene of the prostheses did not
influence the microbial load. This observation and the conflicting result in the literature
highlight that cleaning habits and microbiological aspects may not be the main causes of
signs and symptoms of anophthalmic socket and other factors must be investigated.
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Although the protocols did not influence microbiological control, the clinical signs
showed an improvement after the institution of the protocols. As previously mentioned,
inflammation and discharge can occur for several reasons. A transitory irritation due to
environmental conditions could be present during one of the periods of examination, or the
institution of the protocols could have improved the tissue health (inflammation, edema,
discharge, and crusting) via the daily and weekly hygiene protocols because of the patient’s
adherence to instructions regarding the need to wash their prosthesis, as well as their hands
and face.

A guideline proposed for contact lens wearers demonstrates the importance of avoid-
ing the manipulation of the eyelids or the face when the hands are not properly cleaned [19].
The establishment of a step-by-step hand and face washing routine may avoid the intro-
duction of pathogenic microorganisms inside the socket and remove the residuals from the
eyelashes [20,26,28,41,42]. Moreover, the adequate hygiene of the eyelids can benefit the
functioning of the meibomian glands.

Another factor that must be cited is the formation of deposits. The coverage of the
deposits over the ocular prosthesis surface may increase after a long period of wear and
break the equilibrium of the anophthalmic socket. The duration of the equilibrium may
vary between individuals. Environmental conditions or the quality of the surface [8,38] of
the prosthesis may be important in deciding the duration of the socket homeostasis and the
adequate intervals of removal, cleaning, and re-polishing of the prosthesis [2].

Despite the reduction in individuals with inflammation and discharge, the WPt could
not reduce the frequency of edema and crusting after the DPt. Probably, daily cleaning
allowed for the complete removal of discharge that may be retained inside the socket. In
this way, with the WPt, the patients were subjected to long periods with discharge, which
may favored the crusting formation. Crusting can be tacky and irritates the eyelids during
blinking [16], causing the appearance of edema.

The combination of some precautions can make the proposed protocols more effective
in terms of socket comfort, and further investigations should consider specific orientations
about eyelid scrubs for crust removal [41,42]. A hand hygiene protocol should be considered
too so that the patients can be reinforced to wash their hands, but they were not instructed
in how to perform this. Poor hand hygiene and frequent handling of the prostheses seem
to be related to socket symptoms [10,20].

The correlation results between clinical information of the participant’s data and
clinical characteristics indicated a relationship between the use of eye drops with edema
and pain. In accordance with the literature, this result suggests that the deficient lubrication
of the anophthalmic socket may cause, as a consequence, pain and edema due to the friction
of eyelids over the dry surface of the prosthesis [8,11,13,14,16].

There was a significant reduction in the frequency of individuals with inflammation
and edema after DPt, but for the individuals who continued to experience with inflam-
mation and edema, the results indicated a positive correlation between them. A positive
relationship was found between discharge and crusting eyelashes when the WPt was used.
These results were expected since clinical observation suggested that the weekly removal of
the prosthesis favors the accumulation of discharge and crusting formation. However, these
observations are in disagreement with the literature since some authors do not recommend
the frequent removal of the prosthesis due to the risks of irritation [3,16,20].

The results of the weak correlation between clinical characteristics and the presence of
the microorganisms assessed explain the microbiological results and the isolated clinical
characteristics. Although the protocols has not influenced the CFU count, the partici-
pants showed an improvement in the clinical characteristics assessed. Thus, the adequate
management of the prosthesis and anophthalmic socket may control the clinical signs of
inflammation. These results corroborate other studies, which affirm that the appearance of
inflammation may be not necessarily associated with the growth of biofilm on the surface
of the prosthesis [31,32].
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Regarding patients’ opinions, both protocols were well accepted by patients who
finalized the study. However, three individuals allocated in the WPt group withdrew
because they had not adapted to the weekly removal of the prostheses. It is likely that the
occupation of the patient influenced the cleaning habits of the prosthesis due to patients
who work having daily cleaning habits for their prostheses, while retired patients had
weekly cleaning habits [25] possibly due to greater exposure to environmental factors. So,
it is important to understand that some patients may have a personal preference due to
specificities, like professional occupation and daily habits. The professionals must be able to
adapt their protocols in these situations without losing their effectiveness. The results of this
study suggest that frequent hygiene might be involved in socket discomfort if performed
improperly. Poor care with hand or face hygiene during prosthesis handling and the place
where it is stored may be related to discomfort more than the frequent manipulation itself.
Also, physiological, environmental, and emotional conditions might play an important
role in the motivations of the patient to perform a correct frequent manipulation of the
prosthesis [2,5]. Without a standardized protocol of care, ocular prosthesis wearers may
develop poor habits with their prosthesis.

The limitations considered in this study were regarding sample size, there was a loss
of 25% of the participants, the non-diagnostic lubrication deficiency of the anophthalmic
socket, the short period of follow-up, the use of a limited number of target microorganisms,
and the assessment of the patient’s opinion without a standardized questionnaire. In addi-
tion, disinfectant solutions, such as chlorhexidine and contact lens multiuse solution [26],
were not used because care must be taken during the period of disinfection and storage of
the prosthesis because of color alteration of the iris [43]. Therefore, further investigations
must be considered as research aimed at complementing the findings and limitations of the
present study. It should be noted, however, that the results are consistent since the study
followed a model of controlled clinical research, randomized and blinded to the researchers.

5. Conclusions

Regardless of the daily or weekly hygiene, neither protocol showed an influence on
the microbial load, on the prostheses, and on the socket, but they improved the tissue health
of the anophthalmic socket, specifically on inflammation signs and discharge production.
In addition, the patients manifested satisfactory opinions about both protocols tested.
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