
Ocular hazards from reflected 
laser radiation in clinical settings: 
practical implications of surface 
reflectance for healthcare 
operators. 
Giacomo Insero1,2,* and Giovanni Romano1

1 Department of Experimental and Clinical Biomedical Sciences “Mario Serio”, University of Florence, FI, Italy 
2 CNR-INO– Istituto Nazionale di Ottica, Sesto Fiorentino FI, Italy 

* giacomo.insero@unifi.it

In the last few decades, we have 
witnessed a wide diffusion of in-
tense optical sources such as lasers 
or LEDs (Light Emitting Diodes) [1]. 
These devices are now present not 
only in hospitals and research en-
vironments, but are now routinely 
deployed in non-hospital settings, 
including private outpatient clinics, 
such as dermatology and dental of-
fices, aesthetic medical clinics, physi-
otherapy clinics, as well as veterinary 
practices. Depending on the specific 
therapeutic procedures, these light 
sources operate over wavelengths 
spanning from the UV (ultraviolet) to 
the mid-IR (mid-infrared) region.
Such diffusion exposes patients and 
operators to risks from artificial op-
tical radiation, that must be properly 
assessed in the occupational safety 
framework [2]. Risk management 
must be robust not only in con-
trolled operating theatres but also 
in smaller and decentralized clinical 
rooms, as less frequent use of these 
technologies may result in opera-
tors having limited experience with 
laser-based procedures, thereby in-

creasing the likelihood of accidents 
or unsafe practices. In the veterinary 
context, laser sources may be used 
directly in the field, further compli-
cating the implementation of stand-
ard risk-minimization measures. 
Training pathways commonly ad-
dress these issues under workplace 
safety programs and are aligned with 
normative references and guidance 
documents: Directive 2006/25/EC 
(artificial optical radiation), ICNIRP 

exposure-limit guidelines (180 nm–
1,000 μm) [3], and device standards 
for medical laser equipment (e.g., EN 
60601-2-22). These frameworks pro-
vide essential foundations for haz-
ard identification, classification, and 
selection of controls and personal 
protective equipment (PPE).
However, in day-to-day clinical 
practice, training and checklists 
often emphasize prevention of di-
rect-beam exposure and unexpect-
ed events, such as misalignment, 
accidental light-induced firing or de-
vice malfunction. A less underlined 
risk is connected to the reflected ra-
diation generated during normal 
treatment, which can represent an 
important ocular hazard even when 
procedures are performed correct-
ly. In this work, we underline the 
risks related to reflected laser ra-
diation during routine treatments 
rather than exceptional or acciden-
tal events.

The light reflection 
A common assumption in laser 
safety is that “if the primary beam 
is controlled (and everyone wears 
appropriate eyewear), residual risks 
are negligible”, but this is not neces-
sarily true.
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Fig. 1 Scheme depicting the presence of both diffuse and specular reflected radiation.
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When an optical beam impinges on 
the interface between two media 
with refractive indices n1 and n2 — 
for instance, air and a solid, liquid, 
or a tissue (Figure 1) — a fraction of 
the incident radiant power is always 
reflected due to the refractive-in-
dex mismatch [4]. The remaining 
fraction enters the second medium 
(e.g. the tissue), where it may be 
attenuated by absorption and (in 
most cases) also by scattering. If the 
medium is not optically opaque at 
the wavelength of interest and the 
geometry allows it, a portion of the 
radiation can traverse the material 
and exit into air on the opposite side 
as transmitted radiation.
For a given wavelength λ, these 
processes can be described by the 
spectral reflectance R(λ), transmit-
tance T(λ), and absorptance A(λ), 
which satisfy the energy balance

R(λ) + T(λ) + A(λ) = 1,

where each quantity is defined as 
the ratio of reflected, transmitted, 
or absorbed radiant power to the 
incident radiant power, respective-
ly. Therefore, they are dimension-
less, ranging from 0 (for example  
R = 0 means no reflected radiation) 
to 1 (for example R = 1 means all the 
incident power is reflected).
Depending on the surface charac-
teristics, reflection may be sub-di-
vided into:

•	 Specular reflection: directional, 
mirror-like; the reflected angle 
equals the incidence angle. This 
component corresponds to a sec-
ondary beam able to propagate 
over long distances and potential-
ly maintaining the majority of in-
cident beam energy, according to 
the value of R.

•	 Diffuse reflection: scattered into 
many directions. In strongly scat-

tering surfaces, typically approxi-
mated as Lambertian, the specular 
reflection is strongly reduced, and 
the total reflected energy is distrib-
uted over a large solid angle.

Following this division, the total re-
flectance R(λ) = Rtot (λ)lambda) can 
also be split as

RTot (λ) = RS (λ) + RD (λ)

where RS (λ) and RD (λ) represent the 
specular and diffusive reflectance 
components, respectively. As RS (λ) 
depends on the incidence angle of 
the light, we have decided to focus 
our discussion on RS

45° (λ), corre-
sponding to the specular reflectance 
at the exemplary incidence angle 
of 45o. This angle is representative 
of many practical situations and is 
also easily measurable with simple 
and inexpensive setups. Following 
our work on [5], we can identify a 
simple parameter that immediately 
indicates whether a surface mainly 
exhibits specular or diffusive char-
acteristics, and we call it the Lamber-
tian parameter LLamb (λ) defined as

promotes scattering and diffuse be-
havior. Importantly, a surface may 
appear “non-shiny” in visible light yet 
behave more specularly at longer 
wavelengths where the same rough-
ness becomes small relative to λ. Es-
pecially in the NIR range, one cannot 
reliably infer infrared reflectance 
behavior from visible appearance.
A frequent oversimplification in la-
ser safety is to equate “diffuse” with 
“safe” due to the reduced irradiance 
in any single direction compared 
with a specular reflection, but dif-
fuse reflection can still pose risks 
when incident powers are high, and 
distances surface-to-eye are short. 
Risks associated to specular reflec-
tion could be underestimated be-
cause they extend ocular hazard 
beyond what would be intuitively 
expected for “indirect exposure.”
In realistic geometries in clinical 
settings, the beam frequently en-
counters several different surfaces: 
the patient’s tissue, surgical drapes, 
plastic accessories, metallic instru-
ments, endoscope components, 
dental mirrors, or smooth polymer 
housings. These interactions, which 
include multi-bounce paths, can cre-
ate non-negligible reflected, and of-
ten uncontrolled, components that 
may enter an operator’s visual field.
In the following, we show reflec-
tance and Lambertian parameters 
of materials commonly found in 
biomedical/clinical environments, 
measured over a broad spectral 
range (250 nm to 25 μm), explicitly 
separating specular and diffuse 
components [5].

Clinically relevant materials: met-
als, textiles, plastic and polymers
•	 Metals (e.g., stainless steel clini-

cal instruments):
Metallic instruments are ubiqui-
tous in procedural fields. They can 
be both “polished” or satin finished. 

LLamb (λ) = 100 ·
(RS

45° (λ)

RS
45° (λ) + RD (λ)

For most of the materials, LLamb rang-
es between 1 and 100: low values 
indicate predominantly diffusing ma-
terials, while higher values indicate 
specular behavior. Since LLamb de-
pends on the wavelength, the same 
material can have a predominantly 
diffusive or rather specular behav-
ior according to the wavelength or 
wavelength range considered. In 
fact, the reflective characteristic of 
a material depends on its micro-
structure and the ratio between the 
characteristic surface roughness 
and λ. Surfaces that are smooth on 
the scale of λ tend toward specu-
lar reflection; increasing roughness 
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Polished surface are mirror-like and 
they have high-specular reflectance 
as high as almost 100 %, as expect-
ed; nevertheless, also brushed or 
satin metals can exhibit specular 
reflection in the visible range up 
to few tens of percentage, which is 
not negligible considering high-pow-
er sources.
In the mid-infrared (2.4–25 μm), re-
flectance measurements showed 
that brushed metals can exhibit 
higher reflectance in the 10–25 μm 
range compared to the visible 
range up to several tens of percent-
age points. This is particularly rele-
vant to CO₂ lasers (~10.6 μm) and 
other NIR systems, as also shown by 
the Lambert parameter plot [5].
Operational implication: where 
possible, minimize exposed metal-
lic surfaces in the illuminated field; 
prefer matte/blackened tools or use 
non-reflective covers when com-
patible with sterility and procedure 
constraints.

•	 Surgical textiles and field drapes

Blue/green surgical clothing and 
coverings are often assumed to 
be “safe” if irradiated because they 
don’t show a perceivable specular 
reflectance (generally less than 4% 
in the 250–2500 nm range). Nev-
ertheless, these textiles can have 
high total reflectance: in the 0.7-
2.5 um range, many tested fabrics 
showed total reflectance typically 
~60% to nearly 90% depending on 
fabric type and composition. The av-
erage Lambertian parameter over 
400–1100 nm is generally lower than 
10, confirming the strongly diffusive 
reflective nature of these materials.

Operational implication: diffuse 
does not mean irrelevant. Close-
range scattering from high-power 
systems can still pose ocular con-
cerns if eyewear is absent or not 

properly chosen or if scattered 
beam reaches the eye through lat-
eral gaps.

•	 Plastics and polymers (device 
housings, disposables, etc

Polymers such as plexiglass 
(PMMA), polycarbonate, PVC, and 
PTFE are common in clinical settings 
(protective shields, device enclo-
sures, tubing, disposable accesso-
ries, positioning tools) and exhibit 
generally diffuse reflective behavior, 
but if polished can have a high spec-
ular reflection. The average Lamber-
tian parameter in the range 250 nm 
-2.5 μm can be higher than 80 for 
polished PVC, plexiglass or polycar-
bonate, indicating a high specular 
reflectance component against a 
total reflectance of approx. 10-20%. 
Indeed, PTFE components show dif-
fusive behavior, LLamb (λ) ~ 2. While 
generally less hazardous than pol-
ished metals, these materials can 
still reflect a substantial fraction of 
incident radiation.

Operational implication: smooth 
polymer and transparent plastic sur-
faces can present a reflection that, 
while possibly modest in absolute 
terms, is highly specular in charac-
ter—hence potentially hazardous.

Beam properties matter: collimat-
ed versus focused emission
A further practical point is that re-
flection hazards cannot be assessed 
based solely on surface type; they 
must be coupled to the spatial 
properties of the employed laser 
beam:

•	 Collimated beams (low diver-
gence): a specular reflection tends 
to remain collimated, preserving 
radiant exposure over long dis-
tances. In this case, a secondary 

specular reflection can behave as 
a “mirror-generated beam” that 
remains hazardous even far from 
the reflection point.

•	 Focused beams: the hazard de-
pends strongly on where the focus 
is relative to reflective surfaces 
and human eye. A specular reflec-
tion from a surface near the focal 
region may still carry high irradi-
ance, while reflections far from 
focus may be less intense due 
to divergence—yet can remain 
non-negligible for high-power set-
tings.

Operational implication: the risk 
from specular reflection is not gov-
erned only by “how shiny” a surface 
is; it depends on the laser’s diver-
gence, spot size, and working dis-
tance as well. Therefore, device-spe-
cific information (beam diameter, 
divergence, focusing optics, delivery 
system) should be explicitly includ-
ed in the clinical risk assessment.
These considerations reinforce the 
importance of appropriate personal 
protective equipment. Laser safety 
eyewear should provide adequate 
attenuation at the operating wave-
length and ensure full coverage, 
including lateral protection. In addi-
tion, unnecessary metallic or plastic 
objects should be removed from the 
illuminated field whenever possible.

CONCLUDING REMARKS
Reflected radiation should be treat-
ed as a first-order element of clinical 
laser safety, not as a residual con-
cern limited to mishaps. Reflected 
laser radiation represents a tangi-
ble ocular hazard in clinical envi-
ronments, even during routine and 
correct use of medical laser devices. 
While diffuse reflections are gener-
ally less dangerous than specular 
ones, their contribution cannot be 
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neglected, particularly at nearinfra-
red wavelengths.
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