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ABSTRACT

Introduction: To evaluate the efficacy and
safety of Quantum Molecular Resonance (QMR)
treatment in patients with severe dry eye disease
(DED), as well as its effects on aqueous-deficient
(ADDE), evaporative (EDE), and mixed (MDE)
dry eye.
Methods: In this prospective, interventional
study, 81 patients were randomly allocated to

received four treatment sessions of QMR at
1-week intervals (Rexon-Eye�, Resono Oph-
thalmic, Trieste, Italy) (QRM group) or tear
substitute four times daily, containing 0.15%
sodium hyaluronate and 3% trehalose (Thealoz
Duo�, Thea Pharma, France) (SH-TH group).
Outcome measures included ocular surface dis-
ease index (OSDI) questionnaire, tear meniscus
height (TMH), tear breakup time (TBUT), non-
invasive breakup time (NIBUT), corneal fluo-
rescein staining (CFS), lipid layer thickness
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(LLT), tear film osmolarity (OSM), and meibo-
mian gland dysfunction (MGD) grade, which
were assessed at baseline and 1-month and
3-month follow-up.
Results: The QMR group achieved better
improvements than the SH-TH group in OSDI
and SANDE questionnaires, NIBUT, LLT, and
CFS. The mean differences between the groups
were as follows: OSDI (- 12.4 ± 0.25 points,
P = 0.01), SANDE (10.6 ± 1.7 points, P = 0.01),
NIBUT (2 ± 0.25 s, P = 0.01), LLT
(18.7 ± 0.7 nm, P = 0.01), and CFS (1.2 ± 0.1
points, P = 0.02). In subgroups analysis, QMR
treatment demonstrated a beneficial role to
improve DED symptoms and signs in ADDE,
EDE, and MDE.
Conclusion: QMR is an effective and well-tol-
erated treatment that seems to improve DED
symptoms and signs in patients with severe
DED. However, further studies are needed to
confirm this.
Trial Registration: ClinicalTrials.gov identifier
NCT06119386.

Keywords: Quantum Molecular Resonance
electrotherapy; Dry eye disease; Aqueous-
deficient dry eye; Evaporative dry eye; Mixed
dry eye; Meibomian gland dysfunction

Key Summary Points

Why carry out this study?

Current treatments for dry eye disease
(DED) require chronic use with possible
side effects in some of them. Therefore,
there is an unmet need for novel
treatments that target the specific
mechanism involved in the pathogenesis
of DED.

This study evaluates the efficacy and safety
of Quantum Molecular Resonance (QMR)
treatment in patients with severe DED.

What was learned from the study?

Four sessions of QMR treatment seems to
improve symptoms and signs in aqueous-
deficient dry eye (ADDE), evaporative dry
eye (EDE), and mixed dry eye (MDE),
which suggests that this treatment could
be an effective and safe option to address
DED. However, further studies are needed.

INTRODUCTION

Dry eye disease (DED) is a multifactorial,
chronic disease of the ocular surface that affects
up to 30% of adults over the age of 50, it is more
frequent in women, and its prevalence increases
with age [1, 2]. According to the recent defini-
tion provided by The Tear Film and Ocular
Surface Society (TFOS) Dry Eye Workshop
(DEWS) II, DED is characterized by loss of
homeostasis and tear film instability, where
hyperosmolarity and inflammation play a key
role in its pathogenesis [1, 3]. In addition, cor-
neal and conjunctival epithelial cell damage,
apoptosis, and metaplasia as well as inflamma-
tion and imbalance of cytokines on the ocular
surface are also key factors of DED [1, 3–5],
which may lead to a wide variety of ocular
symptoms, such as foreign body sensation,
burning, and visual disturbances, affecting
patients’ quality of life [6–8].

Dry eye diagnosis could be established by a
combination of objective and subjective tests
[9]. Regarding DED symptoms assessment, the
ocular surface disease index (OSDI) and the
symptom assessment in dry eye (SANDE) ques-
tionnaires are the most commonly used in
clinical studies [9–12]. Both questionnaires
determine the severity of DED symptoms with a
score from 0 to 100. However, the OSDI ques-
tionnaire requires the patient to read, under-
stand, and answer 12 questions, whereas the
SANDE questionnaire only includes two ques-
tions on a visual analog scale and provides
clinicians with a quick and reliable assessment
of DED symptoms [13, 14]. Regarding DED signs
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assessment, classic methods, such as tear film
breakup time (TBUT), Schirmer test (ST), and
corneal fluorescein staining (CFS), have been
widely used, but these depend on the skill of the
examiner and influence tear film stability
[9, 15, 16]. Therefore, objective, non-invasive
tests, such as non-invasive tear film breakup
time (NIBUT), tear meniscus height (TMH), and
lipid layer thickness (LLT), are preferred in the
assessment of patients with DED [9, 17]. In
addition, new devices that automatically per-
form objective, non-invasive tests have been
developed, which reduce observer bias in some
tests, such as meibography, and do not alter tear
film stability, resulting in a potential screening
tool for DED [18, 19].

Although DED may be classified in aqueous-
deficient dry eye (ADDE), evaporative dry eye
(EDE), and mixed dry eye (MDE), the evidence
suggests that all forms of DED have an evapo-
rative component since ocular surface hyperos-
molarity only can arise in response to
evaporation [3]. Meibomian gland dysfunction
(MGD) is the most common form of EDE and its
first line of treatment usually includes warm
compresses, eyelid hygiene, oral antibiotics, and
preservative-free tear substitutes containing
lipid supplements [20–22]. However, these
treatments require chronic instillations with
possible side effects related to some of them
[23, 24]. Therefore, novel treatments that target
the specific mechanism involved in the patho-
genesis of DED have emerged, such as microb-
lepharoexfoliation (MBE) [25], vectoral thermal
pulsation (VTP) [26], intense pulse light (IPL)
[27], and low-level light therapy (LLLT) [28].
Recently, Quantum Molecular Resonance
(QMR) has been proposed as a novel therapy for
DED, demonstrating promising results [29–33].
QMR involves passing an electric current at a
low intensity and high frequency (4–64 MHz)
through contact electrodes [30, 32]. Previous
studies have demonstrated the wound healing
properties and anti-inflammatory effects of
QMR on the ocular surface [29–33]. However,
most of these studies evaluated only patients
with mild to moderate DED with a short-term
follow-up period [29–32].

Therefore, this study aims to evaluate the
efficacy and safety of QMR treatment in patients

with severe DED after 3-month follow-up, as
well as to analyze its effects on ADDE, EDE, and
MDE.

METHODS

Study Design

This prospective, randomized interventional
study was carried out at the Tedesco Eye Center
(Girifalco, CZ, Italy) between November 2022
and February 2023. This study fulfilled all the
requirements of the Declaration of Helsinki and
was approved by the center’s internal review
board (Approval Nr. DB13385-2568932022,
ClinicalTrials.gov identifier NCT06119386).
Before initiating the study, informed and writ-
ten consent was obtained from each patient.
Patient consent was received for Fig. 2.

Patients

Eligible patients were adults[18 years old with
a self-reported history of DED in both eyes for
C 6 months who met the following inclusion
criteria in C 1 eye at screening and randomiza-
tion: OSDI score C 33 points and TBUT\10 s
[9]. In addition, patients were divided into
ADDE, EDE, and MDE subgroups according to
the following criteria: TMH\0.20 mm and
ST I\ 10 mm/5 min for ADDE; meibomian
gland expressibility score between 1 and 2
points, meibum quality between 4 and 13
points, and LLT\ 40 nm for EDE; and both sets
of criteria were considered for MDE [9, 34].

Patients were excluded from participation if
they met any of the following criteria: skin
pathologies that prevent QRM treatment; all
corneal disorders that affect diagnostic test,
such as active corneal infection and corneal
dystrophies; active ocular allergies; intraocular
surgery or laser ocular surgery within the pre-
vious 6 months; use of topical antibiotics and
anti-inflammatory treatments, including ster-
oids and non-steroidal anti-inflammatory
drugs; contact lens wearers; pregnant or lactat-
ing women; and patients who did not under-
stand or comprehend the informed consent. A
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washout period of 1 week was considered before
QMR treatment.

Treatments

Eligible patients were randomized in a 1:1 ratio
to received either four treatment sessions of
QMR treatment at 1-week intervals (Rexon-
Eye�, Resono Ophthalmic, Trieste, Italy) (QMR
group) (Figs. 1 and 2) or four times daily tear
substitute containing 0.15% sodium hyalur-
onate and 3% trehalose (Thealoz Duo�, Thea
Pharma, France) (SH-TH group). QMR treatment
was performed using specific contact electrodes
built into a mask, which is worn by the patient
over closed eyes. In addition, a disposable
waterproof facial strip, worn between the mask
and the eyelid surface, was used to uniformly
spread the electric current over the whole ocular
surface, and also ensuring personal hygiene.
The device provides an interface showing the
applied power with a custom unit scale, marked
from 0 to 10, and the duration of the treatment.
The duration of each treatment session was
20 min, using an intensity of 5 units, which
correspond to an average power of 12 W, with
60 V voltage and 200 mA current between the
goggle electrode and the neutral plate electrode.

Clinical Endpoints

Clinical endpoints were assessed at baseline
(1 day) and two follow-up visits: month 1
(4 ± 0.5 weeks) and month 3 (12 ± 1 weeks).
All clinical endpoints were performed in the
sequence proposed by Ballesteros et al. [19] to

best preserve the integrity of the tear film to
avoid affecting test results. In addition, they
were obtained in standard environmental con-
ditions in the same room by a trained
optometrist.

Dry Eye Symptoms

The OSDI and SANDE questionnaires were used
to evaluate DED symptoms severity, ranging
from 0 (no ocular surface disease) to 100 (severe
ocular surface disease) points [10, 12]. Both
questionnaires were completed in consultation
at all follow-up visits.

Tear Film Stability and Volume

Tear film stability was automatically evaluated
with NIBUT (expressed in seconds, s) by pro-
jecting the Keratograph 5M� (Ocu-
lus Optikgeräte GmbH, Wetzlar, Germany)
Placido rings onto the corneal surface, record-
ing the time between the last blink and the
initial distortion of the ring pattern. Fluorescein
TBUT (expressed in seconds, s) was also evalu-
ated. Patients were instructed to blink and then
stare without blinking, recording the time

Fig. 1 Rexon-Eye� suite

Fig. 2 Real-time Rexon-Eye� procedure
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between the blink and the initial appearance of
a dark spot. Three consecutive measurements of
NIBUT and TBUT were averaged for statistical
analysis. In addition, the Lipiview II� ocular
surface interferometer (Johnson & Johnson, NJ,
USA) and the TearLab� osmolarity system
(TearLab corporation, CA, USA) were used to
assess LLT (expressed in nanometers, nm) and
tear film osmolarity (OSM, expressed in mil-
liosmole, mOsm), respectively. Regarding tear
volume, TMH was evaluated using the tear film
scanning function of the Keratograph 5M�

device, which allows for capturing images of the
lower tear film meniscus determining its height.

Ocular Surface Staining

CFS was subjectively and invasively evaluated
with the modified Oxford scale, ranging from
grade 0 (no epithelial staining) to grade 5 (sev-
ere epithelial staining) [35]. Prior to assessing
CFS, a single drop of unit dose saline was
instilled onto a fluorescein impregnated strip.
The lower right lid was then pulled down and
the strip was tapped onto the lower tarsal con-
junctiva. The same procedure was performed on
the left eye. A cobalt-blue filter with yellow
Kodak Wratten 12 barrier filter was used for
better detection of CFS.

Meibomian Gland Analysis

Meibography was performed on the upper and
lower eyelids to evaluate MGD. The loss area of
meibomian glands was automatically assessed
with the Keratograph 5M� device, which
incorporates the JENVIS Grading Scale software,
classifying MGD in four grades: grade 0 (no
gland loss), grade 1 (loss in an area smaller than
1/3), grade 2 (loss in an area between 1/3 and
2/3), and grade 3 (loss in an area greater than
2/3).

Safety Assessment

Safety assessment included adverse events (AEs),
best-corrected visual acuity (BCVA), intraocular
pressure (IOP), slit-lamp biomicroscopy, and
dilated funduscopy.

Statistical Analysis

Statistical analyses were performed with SPSS
statistics software, version 28.0 (IBM Corpora-
tion, NY, USA). A total sample size of 62
patients was estimated using the GRANMO
calculator, version 7.12 (Municipal Institute of
Medical Research, Barcelona, Spain). Estimation
was based on a statistically significant paired
difference at 95% confidence and with 80%
power of 6.45 ± 0.77 s in NIBUT based on pre-
vious studies [31–33].

Continuous variables were displayed as the
mean ± standard deviation (SD), while ordinal
categorical variables were expressed as frequen-
cies (n) and percentages (%). Before the analy-
ses, one eye was randomly selected. The
randomization scheme was generated using an
online randomizer program (https://www.
randomization.com). After testing for normal-
ity with Kolmogorov–Smirnov test, we per-
formed the paired Student’s t test (parametric)
or Wilcoxon’s signed-rank test (nonparametric)
to compare intra-group clinical outcomes.
Within each group, the increment (D) was cal-
culated. It was defined as the change from the
last visit (LV) to baseline (B): D = LV - B. Inter-
group clinical outcomes were analyzed with the
unpaired Student’s t test (parametric) or
Mann–Whitney’s U test (nonparametric).
Between each group, the differences were cal-
culated as DQMR group - DSH-TH group. Categorical
variables were compared using the v2 test. A
P value of less than 0.05 is considered to be
statistically significant.

RESULTS

Baseline characteristics of the study populations
are shown in Table 1. Eighty-one eyes of 81
patients, 23 (28.3%) men and 58 (71.6%)
women with a mean age of 60.7 ± 7.9 years,
were enrolled in the study. No significant dif-
ferences in demographic characteristics or
parameters related to DED were detected
between both groups at baseline. In addition, all
patients completed the study.
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Efficacy Endpoints

The efficacy of QMR treatment on DED symp-
toms and ocular surface parameters during fol-
low-up visits in both groups is shown in Table 2.

Dry Eye Symptoms

After 3 months of follow-up, QMR treatment
achieved significant DOSDI and DSANDE ques-
tionnaire reductions of - 23.3 ± 2.2 (P = 0.02)
and - 22.7 ± 7.1 points (P = 0.01), respectively.

However, only SH-TH treatment led to signifi-
cant improvement in DSANDE questionnaire
with a reduction of - 12.1 ± 2.7 points
(P = 0.04).

Comparing both groups, the results were in
favor QMR treatment with a difference in OSDI
and SANDE questionnaire scores of- 12.4 ± 0.25
(P = 0.01) and - 10.6 ± 1.7 points (P = 0.01),
respectively.

Tear Film, Ocular Surface Staining,
and Meibomian Gland Analysis

After 3 months of follow-up, QMR treatment
achieved significant improvements in DTBUT and
DNIBUT of 1.7 ± 0.1 (P = 0.01) and 4.8 ± 0.6 s
(P\0.001), respectively. In addition, DTMH,
DLLT, DCFS, and DOSM also showed significant
improvements of 0.05 ± 0.04 mm (P\0.001),
10.8 ± 2.4 nm (P = 0.002), - 1.6 ± 0.2 points
(P = 0.01), and- 17.4 ± 2.5 mOsm/L (P\0.001),
respectively. Regarding SH-TH treatment, DTBUT
and DNIBUT also achieved significant improve-
ments of 3 ± 0.1 (P = 0.01) and 2.8 ± 0.1 s
(P = 0.03) after 3 months of follow-up, respec-
tively. Similar results were reported in DCFS and
DOSS with values of - 0.4 ± 0.05 points and
- 10.2 ± 2.3 mOsm/L, respectively. However,
DLLT showed a significant worsening of - 7.9 ±

3.8 nm (P = 0.002).
Comparing both groups, the differences in

NIBUT, LLT, and CFS were in favor of QMR
treatment with values of 2 ± 0.25 s (P = 0.01),
18.7 ± 0.7 nm (P = 0.01), and - 1.2 ± 0.1
points (P = 0.02), respectively. The remaining
outcomes were not in favor of any treatment
group. In addition, no significant improvement
in MGD grade was observed within and between
groups.

Subgroups Analysis

The effects of QMR treatment on symptoms and
ocular surface parameters of patients with
ADDE, EDE, and MDE are shown in Tables 3, 4,
and 5, respectively. Regarding the ADDE sub-
group, significant improvement in DOSDI
questionnaire, DNIBUT, DTMH, DLLT, and
DOSM were reported, with values of

Table 1 Baseline characteristics of the study populations

Characteristics QMR group
(n = 43)

SH-TH
group
(n = 38)

P value

Demographics, mean ± SD or n (%)

Age, years 60.2 ± 8.1 61.1 ± 7.6 0.46

Sex, male/

female

11 (25.5)/32

(74.5)

12 (31.5)/26

(68.5)

0.24

Related to DED, mean ± SD

SANDE,

points

44.8 ± 27.4 45.2 ± 24.5 0.76

OSDI, points 55.8 ± 18.7 53.2 ± 21.4 0.79

NIBUT, s 8.7 ± 5.2 7.3 ± 7.1 0.89

TMH, mm 0.2 ± 0.2 0.3 ± 0.1 0.8

LLT, nm 54.6 ± 18.2 63.5 ± 13.5 0.76

TBUT, s 3.4 ± 1.4 3.2 ± 1.5 0.56

CFS, pointsa 3.1 ± 0.8 3.2 ± 0.6 0.59

OSM, mOsm/

L

316.9 ± 9.4

MGD, grade 1.8 ± 0.6 1.5 ± 0.6 0.43

CFS corneal fluorescein staining, LLT lipid layer thickness,
MGD meibomian gland dysfunction, NIBUT non-invasive
tear film breakup time, OSDI ocular surface disease index,
OSM osmolarity, QMR Quantum Molecular Resonance,
SANDE symptom assessment in dry eye, SD standard
deviation, SH sodium hyaluronate, TBUT tear film
breakup time, TH trehalose, TMH tear meniscus height
aModified Oxford grading scale
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- 31.3 ± 4.1 points (P\0.001), 6.4 ± 0.9 s
(P\0.001), 0.09 ± 0.04 mm (P\0.001), 10.6
± 2.3 nm (P = 0.02), and - 19.4 ± 2.5 mOsm/L
(P\0.001) after 3 months of follow-up,
respectively. Similar results were achieved in the
EDE subgroup with significant DOSDI, DNIBUT,
DLLT, and DOSM improvements of - 17.4 ±

0.75 points (P\0.001), 4.2 ± 0.4 s (P = 0.01),
14 ± 4.6 nm (P\ 0.001), and - 17.6 ± 3.2
mOsm/L (P\0.001), respectively. However, the
MDE subgroup only showed significant
improvements in DOSDI, DNIBUT, and DOSM

with values of - 35.4 ± 6.4 points (P\0.001),
6.1 ± 1.2 s (P\ 0.001), and - 17.5 ± 1.4
mOsm/L (P\ 0.001), respectively.

Safety Endpoints

No significant changes of BCVA, IOP, slit-lamp
biomicroscopy, and dilated funduscopy were
observed after QMR treatment (data not
shown). In addition, no AEs were documented

Table 2 Changes in symptoms and ocular surface parameters during follow-up visits in both groups

Parameters, mean – SD Baseline 1 Month 3 Months P value

QMR group (n = 43)

SANDE, points 44.8 ± 27.4 21.3 ± 11.3 22.1 ± 13.2 0.01*

OSDI, points 55.8 ± 18.7 31.7 ± 16.5 32.5 ± 14.3 0.02*

NIBUT, s 8.7 ± 5.2 13.9 ± 6.7 13.5 ± 6.4 \ 0.001*

TMH, mm 0.23 ± 0.18 0.28 ± 0.1 0.28 ± 0.1 \ 0.001*

LLT, nm 54.6 ± 18.2 64.8 ± 22 65.4 ± 23 0.002*

TBUT, s 3.4 ± 1.4 5.3 ± 1.5 5.1 ± 1.6 0.01*

CFS, points 3.1 ± 0.8 1.4 ± 0.4 1.5 ± 0.4 0.01*

OSM, mOsm/L 316.9 ± 9.4 299.1 ± 4.4 299.5 ± 4.5 \ 0.001*

MGD, grade 1.8 ± 0.6 1.9 ± 0.6 1.9 ± 0.5 0.9

SH-TH group (n = 38)

SANDE, points 45.2 ± 24.5 39.2 ± 20.2 33.1 ± 17.2 0.04*

OSDI, points 53.2 ± 21.4 47.3 ± 14.5 42.3 ± 16.1 0.06

NIBUT, s 7.3 ± 7.1 9.4 ± 6.3 10.1 ± 7.3 0.03*

TMH, mm 0.3 ± 0.1 0.24 ± 0.13 0.24 ± 0.12 0.08

LLT, nm 63.5 ± 13.5 55.2 ± 21.1 55.6 ± 21.2 0.002*

TBUT, s 3.2 ± 1.5 3.6 ± 1.6 6.2 ± 1.7 0.01*

CFS, points 3.2 ± 0.6 3.1 ± 0.6 2.8 ± 0.5 0.04*

OSM, mOsm/L 316.7 ± 9.3 309.6 ± 5.4 306.5 ± 4.8 \ 0.001*

MGD, grade 1.5 ± 0.6 1.9 ± 0.6 1.9 ± 0.5 0.9

CFS corneal fluorescein staining, LLT lipid layer thickness, MGD meibomian gland dysfunction, NIBUT non-invasive tear
film breakup time, OSDI ocular surface disease index, OSM osmolarity, QMR Quantum Molecular Resonance, SANDE
symptom assessment in dry eye, SD standard deviation, SH sodium hyaluronate, TBUT tear film breakup time, TH
trehalose, TMH tear meniscus height
*P\ 0.05
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during treatment sessions with QMR, and
throughout the follow-up period.

DISCUSSION

Tear film hyperosmolarity is considered the
trigger for the ocular surface inflammatory
mechanism resulting in DED symptoms and

signs [3, 36]. Therefore, new treatments that
target the specific mechanism involved in the
pathogenesis of DED and improve the tear film
stability and restore the homeostasis of the
ocular surface are under research [37, 38]. The
aim of this study is to evaluate the efficacy and
safety of QMR treatment in patients with severe
DED, as well as its effects on ADDE, EDE, and
MDE.

Table 3 Changes in symptoms and ocular surface parameters between baseline and 3-month follow-up in the aqueous-
deficient dry eye subgroup after QMR treatment

Parameters, mean – SD Baseline 3 Months P value

OSDI, points 51.1 ± 18.2 19.8 ± 10.1 \ 0.001*

NIBUT, s 8.1 ± 4.7 14.5 ± 6.6 \ 0.001*

TMH, mm 0.16 ± 0.02 0.25 ± 0.1 \ 0.001*

LLT, nm 57.8 ± 17.8 68.4 ± 22.4 0.02*

OSM, mOsm/L 317 ± 10.1 297.6 ± 5.2 \ 0.001*

LLT lipid layer thickness, NIBUT non-invasive tear film breakup time, OSDI ocular surface disease index, OSM osmolarity,
QMR Quantum Molecular Resonance, SD standard deviation, TMH tear meniscus height
*P\ 0.05

Table 4 Changes in symptoms and ocular surface
parameters between baseline and 3-month follow-up in the
evaporative dry eye subgroup after QMR treatment

Parameters,
mean – SD

Baseline 3 Months P value

OSDI, points 56.1 ± 17.4 38.7 ± 18.9 \ 0.001*

NIBUT, s 8.6 ± 5.8 12.8 ± 6.6 0.01*

TMH, mm 0.24 ± 0.18 0.26 ± 0.1 0.19

LLT, nm 42.4 ± 8.4 56.4 ± 17.6 \ 0.001*

OSM, mOsm/

L

317.9 ± 9.9 300.3 ± 3.5 \ 0.001*

MGD, grade 1.6 ± 0.6 1.6 ± 0.7 0.9

LLT lipid layer thickness, MGD meibomian gland dys-
function, NIBUT non-invasive tear film breakup time,
OSDI ocular surface disease index, OSM osmolarity, QMR
Quantum Molecular Resonance, SD standard deviation,
TMH tear meniscus height
*P\ 0.05

Table 5 Changes in symptoms and ocular surface
parameters between baseline and 3-month follow-up in the
mixed dry eye subgroup after QMR treatment

Parameters,
mean – SD

Baseline 3 Months P value

OSDI, points 54.5 ± 20.4 19.1 ± 7.7 \ 0.001*

NIBUT, s 9.1 ± 4.2 15.2 ± 6.6 \ 0.001*

TMH, mm 0.23 ± 0.18 0.29 ± 0.1 0.16

LLT, nm 72.9 ± 12.9 78.2 ± 22.6 0.37

OSM, mOsm/

L

315.1 ± 7.9 297.6 ± 5.2 \ 0.001*

MGD, grade 1.9 ± 0.6 1.9 ± 0.7 0.9

LLT lipid layer thickness, MGD meibomian gland dys-
function, mOsm osmolarity expressed in milliosmole,
NIBUT non-invasive tear film breakup time, OSDI ocular
surface disease index, OSM osmolarity, QMR Quantum
Molecular Resonance, SD standard deviation, TMH tear
meniscus height
*P\ 0.05
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Quantum Molecular Resonance Efficacy

In this study, QMR treatment achieved signifi-
cant improvements in OSDI and SANDE ques-
tionnaires, NIBUT, LLT, and CFS compared to
SH-TH treatment after 3 months of follow-up.
In addition, QMR treatment was beneficial for
ADDE, EDE, and MDE, with similar result
between the subgroups.

Several studies have evaluated the effects of
QMR treatment on DED symptoms and signs
[29–33]. Pedrotti et al. [29] reported that 12
sessions of QMR treatment significantly
improved OSDI questionnaire, TBUT, CFS, and
ST after 1 year of follow-up in patients with
ADDE. Although ST was performed during the
screening stage in our study, it was not used as a
clinical endpoint because of its invasiveness and
association with CFS, which could affect our
results [39, 40]. For this reason, tear volume was
evaluated by TMH, showing a significant
improvement after 3 months of follow-up. Fer-
rari et al. [30] reported similar results in OSDI
questionnaire, NIBUT, and CFS after four treat-
ment sessions of QMR. In addition, this study
also reported significant improvements in mei-
bum quality and the number of expressible
meibomian glands after 1 month of follow-up.
Although meibomian gland secretion was not
assessed in our study, a significant LLT
improvement was reported in patients with
EDE, which is consistent with the results
reported by Ferrari et al. [30] In addition, Trivli
et al. [32] reported significant improvements in
DED symptoms and signs after 1 month of fol-
low-up in patients with MDE, which is also in
harmony with the results reported in our study.

Although the mechanism underlying QMR
treatment remains unclear, it is hypothesized
that electrical stimulation of the ethmoidal
nerve may modulate the activity of lacrimal and
meibomian gland, thereby improving tear film
stability [20, 41]. In addition, similarly to Cor-
neal Cross Linking [4], QMR treatment also
seems to produce anti-inflammatory effects by
reducing tissue infiltration of leukocytes and
modulating metalloproteinase (MMP) expres-
sion [42]. It is well known that MMPs may be an
indicator for tear film OSM, playing a key role in
the initiation and maintenance of ocular

surface damage [3, 43]. In particular, MMP-9
contributes to corneal epithelial barrier insta-
bility, with increased corneal epithelial
desquamation and corneal surface irregularity
[44, 45]. Recently, Trivli et al. [32] demonstrated
a significant reduction of MMP-9 expression on
the ocular surface in patients with DED after
treatment with QMR, which was associated
with a significant reduction in CFS. Although
our study did not analyze MMP levels, tear film
OSM was evaluated, showing a significant
reduction after 3 months of follow-up. Overall,
these hypotheses support the results reported in
this study. However, further studies are needed
to confirm this.

Quantum Molecular Resonance Safety

In this study, the absence of reported AEs after
QMR treatment aligns with the findings from
other studies conducted by Ferrari et al. [30],
Trivli et al. [32], Kavroulaki et al. [31], and Foo
et al. [33]. This consistent pattern of safety
across multiple studies underscores the robust-
ness of QMR as a safe therapeutic option for
DED. In addition, the safety profile of QMR
treatment becomes even more significant when
compared to alternative novel therapies, such as
IPL, whose main AEs may include blistering,
cheek swelling, and loss of eyelashes [46].

Strengths and Limitations

To the best of our knowledge this is the first
randomized, interventional study that analyzes
the efficacy and safety of QMR treatment in
patients with severe DED, as well as its effects
on different types of dry eye. However, there are
some limitations that need to be addressed.
First, masking was not possible because both
groups received quite different treatments. Sec-
ond, since the QMR group did not receive
treatment with SH-TH tear substitutes, it may be
difficult to specifically determine the beneficial
effects in the QMR group over the SH-TH group.
Similarly, multiple previous treatments and a
1-week washout might have influenced the
outcomes. In addition, it would have been
interesting to have a third group receiving both
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treatments, which would allow a more solid
comparison between the QMR and SH-TH
treatments, as well as to evaluate whether the
combination of both treatments has a syner-
gistic effect. Changes in the expressibility and
quality of meibum secretions after treatments
could be evaluated as well in future studies.
Therefore, there is a need for larger, well-de-
signed, strictly blinded randomized controlled
trials evaluating the long-term efficacy and
safety of QMR treatment in patients with DED,
as well as its effects on different types of dry eye,
identifying the minimum number of effective
sessions. In addition, it would also be interest-
ing to compare the effects of QMR treatment
with other novel therapies, such as MBE, VTP,
LLLT, and IPL, as well as their combinations.
This would be of special interest in patients with
Sjögren’s syndrome and MGD, which are the
main cause of ADDE and EDE, respectively.

CONCLUSIONS

This study seems to demonstrated that four
treatment sessions of QMR treatments improves
DED symptoms and signs, with no adverse
effects reported. In addition, this treatment also
appears to be beneficial for ADDE, EDE, and
MDE. These findings suggest that QMR treat-
ment could be an effective and safe option to
address DED and its different subtypes. How-
ever, further research and well-designed clinical
trials are needed to confirm these results and to
better understand the underlying mechanisms
of QMR treatment in the context of DED.
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