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of gamboa monofilaments for orofacial
somatosensorial assessment
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Construccion y validacion instrumental de monofilamentos
de gamboa para la evaluacion somatosensorial orofacial

Construcao e validacao instrumental do monofilamentos
de gamboa para avaliacao somatossensorial orofacial

Abstract

This study aimed to construct and instrumentally validate disposable low-
cost monofilaments to evaluate orofacial sensitivity. The monofilaments
were called Gamboa monofilaments and were created with nylon fishing
line monofilaments of different diameters (0.16 to 0.8mm) and lengths (10
to 110mm) glued perpendicularly to the ends of wooden popsicle sticks.
Semmes-Weinstein monofilaments were used as a reference for the tar-
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get force. The force exerted by both monofilaments was measured with a CORRESPONDENCIA:
precision scale. The coefficient of variation assessed force data variabili- Natalia Gamboa
ty of Semmes-Weinstein and Gamboa monofilaments, and a two-sample ngamboacaicha@odontologia.uchile.cl

t-test was used to compare the force exerted by Semmes-Weinstein and
Gamboa monofilaments. The force variability ranges of Semmes-Weinstein
and Gamboa monofilaments range from 0.5 to 10.9% and 0.33 to 16.97%,
respectively. Thirty-eight Gamboa monofilaments did not show differences
from the 0.008 to 100g Semmes-Weinstein monofilaments. The force exer-
ted by 0.02; 0.07; 0.16; 0.4; 0.6; 1; 4; 8; 10; 15 and 100g Semmes-Weinstein
monofilaments can be obtained by varying the diameter and length of Gam-
boa monofilaments. In conclusion, this study developed and validated low-
cost disposable monofilaments, showing that Gamboa monofilaments could
replicate the force of Semmes-Weinstein monofilaments within the range of
0.008 and 100g. This finding suggests potential applications in the future,

particularly in the context of evaluating orofacial sensations. Recibido: 23/05/2025
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Resumen

El presente estudio tiene como objetivo construir y va-
lidar instrumentalmente monofilamentos desechables
de bajo coste para evaluar la sensibilidad orofacial. Los
monofilamentos se denominaron monofilamentos Gam-
boay se crearon con monofilamentos de hilo de pescar
de nylon de diferentes didmetros (de 0,16 a 0,8 mm) y
longitudes (de 10 a 110 mm) adheridos perpendicular-
mente a uno de los extremos de los palitos de helado de
madera. Se utilizaron los monofilamentos Semmes-We-
instein como referencia para la fuerza objetivo. La fuer-
za ejercida por ambos monofilamentos se midié con una
balanza de precision. A través del coeficiente de varia-
bilidad se evalud la variabilidad de los datos de fuerza
ejercida por los monofilamentos Semmes-Weinstein y
Gamboa, y se utilizé una prueba t de dos muestras para
comparar la fuerza ejercida por ambos monofilamentos.
Los rangos de variabilidad de la fuerza de los monofila-
mentos Semmes-Weinstein y Gamboa van del 0,5 al 10,9
% y del 0,33 al 16,97 %, respectivamente. Treinta y ocho
monofilamentos Gamboa no mostraron diferencias con
respecto a los monofilamentos Semmes-Weinstein de
0,008 a 100 g. La fuerza ejercida por monofilamentos
Semmes-Weinstein de 0,02; 0,07; 0,16; 0,4; 0,6; 1; 4;
8; 10; 15 y 100g puede obtenerse variando el diame-
tro y la longitud de los monofilamentos Gamboa. En
conclusion, el estudio desarrolld y validé monofilamen-
tos desechables de bajo coste, demostrando que los mo-
nofilamentos Gamboa podian replicar la fuerza de los
monofilamentos Semmes-Weinstein dentro del rango
de 0,008 y 100g. Este hallazgo sugiere aplicaciones po-
tenciales en el futuro, particularmente en el contexto de
la evaluacidn de las sensaciones orofaciales.

Palabras clave: Umbral sensorial, Deteccion de Seiial,
Monofilamentos de Semmes-Weinstein, Percepcién
del Tacto, instrumentacion.

Introduction and
background

The central nervous system depends on peripheral in-
put from orofacial mechanoreceptors to regulate the
sensorimotor control of oral behaviors, enabling func-
tions such as swallowing, speech articulation, and mas-

Resumo:

0 presente estudo teve como objetivo construir e vali-
dar instrumentalmente monofilamentos descartaveis
de baixo custo para avaliar a sensibilidade orofacial. Os
monofilamentos foram chamados de monofilamentos
de Gamboa e foram criados com monofilamentos de
linha de pesca de nailon de diferentes diametros (0,16 a
0,8 mm) e comprimentos (10 a 110 mm) colados per-
pendicularmente as extremidades de palitos de picolé.
Os monofilamentos de Semmes-Weinstein foram usa-
dos como referéncia para a forga-alvo. A forga exercida
por ambos os monofilamentos foi medida com uma ba-
langa de precisdo. O coeficiente de variabilidade avaliou
a variabilidade dos dados de forca dos monofilamentos
de Semmes-Weinstein e Gamboa, e um teste t de duas
amostras foi usado para comparar a forca exercida pe-
los monofilamentos de Semmes-Weinstein e Gamboa.
As faixas de variabilidade de forca dos monofilamentos
de Semmes-Weinstein e Gamboa variam de 0,5a 10,9 %
ede 0,33 a 16,97 %, respectivamente. Trinta e oito mo-
nofilamentos de Gamboa ndo apresentaram diferencas
em relagao aos monofilamentos de Semmes-Weins-
tein de 0,008 a 100 g. A for¢a exercida pelos monofila-
mentos de Semmes-Weinstein de 0,02; 0,07; 0,16; 0,4;
0,6; 1; 4; 8; 10; 15 y 100g pode ser obtida variando-se

o didmetro e o comprimento dos monofilamentos de
Gamboa. Concluindo, o estudo desenvolveu e validou
monofilamentos descartaveis de baixo custo, demons-
trando que o monofilamentos de Gamboa pode repro-
duzir a for¢a do monofilamentos de Semmes-Weinstein
na faixa de 0,008 e 100g. Esse achado sugere possiveis
aplicagdes no futuro, especialmente no contexto da
avaliacdo das sensagdes orofaciais.

Palavras-chave: Limiar sensorial, Deteccdo de
Sinal, Monofilamentos de Semmes-Weinstein,
Percepcao do Tato, instrumentacao.

tication.!) These signals involve a variety of stimuli,
including touch, pressure, vibration, temperature, and
pain. The integration of these pathways supports con-
scious perception of jaw, lip, and tongue location, po-
sition, and movement.®

Semmes-Weinstein monofilaments (SWMs) are rapid
and straightforward tools used to assess somatosensory
function in the skin and mucosa of the orofacial region,
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as well as in other parts of the body, in both animals and
humans.® These instruments consist of straight nylon
filaments of varying diameters, angled from their base,
with each filament exerting a specific force ranging from
0.008 to 300g. SWMs operate on Euler’s theory, which
states that an elastic fiber of constant diameter will ex-
ert a continuous force when one end is pressed verti-
cally against a surface (e.g, the skin) while the opposite
end remains fixed. The force can increase until the fila-
ment begins to bend, beyond which no additional force
can be generated. The magnitude of this force is directly
proportional to the stiffness of the filament, which is de-
termined by its thickness and inversely proportional to
the square of its length. Each monofilament’s force can
be precisely quantified using a precision scale.®

The forces exerted by SWMs are commonly used to
determine several sensory parameters, including tactile
detection threshold, discrimination threshold, and pain
threshold. The tactile detection threshold refers to the
minimum force a participant can perceive. The discrim-
ination threshold is the ability to distinguish between
two stimuli of differing intensities applied to the same
site. The pain threshold is the lowest force perceived as
a nociceptive stimulus.®

The orofacial region—particularly the lips and
tongue—is characterized by dense and sensitive inner-
vation, which is why numerous studies have focused on
this area. Despite being considered the gold standard
in sensory testing, SWMs pose several challenges. The
size of both the filament and handle can limit access and
maneuverability within the oral cavity.®) Additionally,
due to exposure to saliva, they require high-level dis-
infection, subjecting the monofilaments to moisture
and disinfectants. This can result in loss of calibration
or damage, ultimately reducing their lifespan.?%” The
high cost of replacing SWMs(® 7 has motivated the devel-
opment of more affordable alternatives. Some of these
alternatives have used nylon fishing line or surgical su-
tures.?*8 De Sousa et al. developed monofilaments us-
ing 0.35 mm nylon fishing line and ice-cream sticks.
These were constructed with one, two, or three nylon
strands glued together and varied in length from 30 to
100 mm, producing a force range from 7.5 to 120.1 g.¥
Bearelly and Cheung created monofilaments using ny-
lon sutures and ureteral catheters. The sutures ranged
from 2-0 to 7-0 in diameter and measured 20 mm in
length, exerting forces between 0.018 and 4.86 g.® Eliav
and Gracely used Proline 7-0 sutures between 0.5 and
2.5 inches long to generate forces ranging from 0.2 to
72g.8) However, none of these studies were able to rep-
licate the full range of forces provided by SWMs, par-
ticularly the 0.008 g monofilament, which is essential

for assessing highly sensitive areas such as the tip of the
tongue.

This study introduces a novel approach: the fabri-
cation of disposable monofilaments of varying diame-
ters and lengths, with special attention to the creation
of lighter monofilaments not previously developed in
earlier research.

In light of the foregoing, this study aims to develop
and validate low-cost, disposable monofilaments—re-
ferred to as Gamboa monofilaments (GMs)—construct-
ed from nylon fishing line of various diameters and
lengths, designed for use in the somatosensory assess-
ment of orofacial sensation.

Materials and methods

The GMs were created in a closed room under ambient
temperature and humidity, following protocols estab-
lished in previous studies.*¥ The materials used includ-
ed nylon fishing line and wooden ice cream sticks. Nylon
monofilaments (Nylon, Ekilon®, Equipesca, Brazil)
with diameters of 0.16mm, 0.20 mm, 0.25mm, 0.30mm,
0.35mm, 0.40mm, 0.50mm, 0.60mm, 0.70mm, and
0.80mm were employed. Since fishing line is commer-
cially supplied wound on spools, a tensioning process
was implemented to straighten the material. To this end,
a compact cardboard board with 10 grooves was de-
signed (Figure 1A). Two-meter segments of each nylon
thickness were tensioned between opposite grooves on
the board and held in place solely by tension for a peri-
od of two weeks. After this period, straightened sections
were selected and cut into 120 mm lengths. For the han-
dles, wooden popsicle sticks (Marzu, Chile) measuring
1.0 x 11.2 x 0.3 cm were used. A hot glue gun (HL-NZ2,
Hand, China) was employed to adhere the nylon mono-
filaments to the wooden sticks. A silicone bead approxi-
mately 3 mm thick and 1 cm long was applied 1 cm from
the edge of the stick, where the nylon was positioned
(Figure 1B), and pressed with a spatula to ensure the
adhesive remained flush with the stick’s edges. Each
monofilament was then cut to lengths ranging from 10
mm to 110 mm in 10 mm increments, for each nylon di-
ameter, resulting in the GMs.

SWMs (Aesthesio®, Precise Tactile Sensory Evaluator,
DanMic Global, California, USA) were used as the refer-
ence instruments. These monofilaments are standard-
ized, with constant lengths and varying diameters. Each
monofilament is calibrated by the manufacturer to ex-
ert its target force within a 5% standard deviation.
SWMs were used to define target force values and to
train the operator.

Vol XXVII - N246 / Julio - Diciembre 2025



Fo Odontoestomatologia

INVESTIGACION

Figure 1. A: Diagram of the cardboard piece with grooves used to tension nylon threads. B: Schematic representation
of a Gamboa monofilament, with the dotted line indicating the position and amount of silicone applied.

The technique used to measure the force exerted by all
monofilaments consisted of positioning the free end of
the monofilament perpendicularly to the platform of

a precision scale (Professional Digital Jewellery Scale,
8028-series, China) and applying manual pressure un-
til the filament deflected. At the moment of deflection,
the maximum force displayed on the scale was record-
ed (Figure 2).

For operator calibration, training was provided to achieve
the target force described by the SWM manufacturer; en-
suring visual control of the application angle to keep it
perpendicular to the scale platform, as well as control of
the speed of force application. A smooth and controlled
movement of the operator’s hand was used to achieve
a single point of contact with the platform. For standard-
ization of force measurement, the operator positioned
the free end of the GM 1 cm from the center of the scale
platform and approached it until contact was made, tak-
ing approximately one second. Contact was maintained
until the filament visibly deflected, which also took about
one second. The operator then recorded the force exert-
ed by each of the 20 SWMs three times. This procedure
was repeated one week later to avoid SWM and oper-
ator fatigue. Agreement between the two sessions was
assessed using Cohen'’s kappa statistic, which indicated
almost perfect agreement (0.85).

The force exerted by each GM was recorded using
the same technique described above. The length, diam-

Figure 2. Measurement of the force exerted by the
Gamboa monofilament.
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eter; and force exerted by each filament were measured
three times and documented in an Excel table (Microsoft
Corporation, USA).

The Shapiro-Wilk test was applied to assess the dis-
tribution of the data. The coefficient of variation of the
force exerted by SWMs and GMs was calculated, and a
two-sample t-test was used to compare the force exert-
ed between the two types of monofilaments. A P value
< 0.05 was considered statistically significant. Data anal-
ysis was performed using the Data Analysis function in
Excel (Microsoft Corporation, USA).

Results

The variability in force for SWMs and GMs ranged from
0.5% to 10.9% and from 0.33% to 16.97%, respectively.
Table 1 presents the diameter and length of the 38 GMs
that showed no significant difference in force (in grams)
compared with SWMs (P > 0.05). It should be noted that
the force of certain SWMs can be replicated with differ-
ent GMs by varying diameter and length (SWM 0.02;
0.07; 0.16; 0.4; 0.6; 1; 4; 8; 10; 15 and 100g).

Table 1. Diameter and length of Gamboa monofilaments
in relation to Semmes-Weinstein monofilament force.

Gamboa Monofilament (GM

Semmes-Weinstein

Gamboa Monofilament (GM

Semmes-Weinstein

Monofilament Diameter Length
(Msw) (9) (mm) (mm)

0.008 0.16 110
0.16 100

0.02
0.2 90
0.04 0.16 70
0.16 60

0.07
0.2 80
0.2 50

0.16
0.25 80
0.3 70

0.4
0.35 90
0.2 30
0.25 40
0.6 0.3 60
0.35 70
0.4 100

Monofilament Diameter Length
(Msw) (@) (mm) (mm)
0.35 60
1
05 90
1.4 0.6 100
0.2 10
4
03 20
6 0.8 100
0.25 10
0.35 20
8 0.5 40
0.6 50
0.7 90
0.7 80
10
0.8 90
0.3 10
05 30
15
0.8 70
0.8 80
26 0.5 20
60 0.7 30
0.6 10
100
0.8 20
'Y °
Discussion

The literature shows the use of SWMs from 0.008 to
6g to assess tactile detection thresholds and from 4 to
100g to assess pain thresholds in areas such as the skin
of the upper lip,® the chin,® the cheeks,%-!? the gingi-
va,(1%12-14 the hard and soft palate,***> and the tongue.
(10.11,13,14,16-19) Although SWMs are considered a standard-
ized and non-invasive option for assessing tactile and no-
ciceptive orofacial sensations, several factors have been
described that could affect their performance.?? Studies
have demonstrated increased plasticity and reduced
flexural strength of SWMs triggered by rises in tempera-
ture and humidity®"? or by the need for high-level dis-
infection.® These factors should be taken into account
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when considering the application of monofilaments in
the oral cavity. In addition, repeated loading of SWMs
could affect bending strength, even after a period of rest.
(62223) For Gamboa monofilaments (GMs), nylon was used
as the construction material, similar to SWMs and to oth-
er monofilaments used in previous studies. The studies
by Eliav and Gracely® and Bearelly and Cheung® used
suture nylon to construct their monofilaments, whereas
De Sousa et al.¥ used nylon fishing line as in this study.
These materials are compatible with the intraoral envi-
ronment, but to avoid the effects of moisture and repeat-
ed loading, it is recommended that they be disposable.
The target force of the SWMs in the GMs was achie-
ved by varying both the length and the diameter of the
monofilaments. In the aforementioned studies, a differ-
ent approach was employed—either fixing the diameter
and varying the length®® or fixing the length and varying
the diameter®—resulting in forces ranging from 0.02 to
120 g, whereas with GMs, the forces ranged from 0.008
to 100 g. These findings are consistent with the princi-
ples outlined in Euler’s theory and demonstrate the po-
tential to produce the force required to assess tactile or
pain thresholds in the orofacial area, with the 0.008g GM
being of particular importance. To access deep regions of
the orofacial area, such as the palatal mucosa in the pos-
terior sector, Komiyama et al.tY used SWMs cut in half;

Conclusions

however, this procedure increases the force exerted by
the original SWMs. In this context, the versatility of GMs
allows the investigator to create longer or shorter ver-
sions of the monofilaments, enabling the evaluation of
both superficial and deep areas of the orofacial region.
This adaptability may enhance comfort for both patients
and clinical evaluators.

In summary, the clinical relevance of GMs lies in their
ability to cover the force range required to evaluate tac-
tile and pain thresholds in the orofacial region. A key
advantage of these devices is that investigators can man-
ufacture them in various lengths and diameters that ex-
ert similar forces, allowing clinicians to select the most
appropriate monofilament for a given orofacial area.

Limitations

Based on the results of this study, it is suggested that ny-
lon fishing line monofilaments with thicknesses either

thinner or thicker than those used in this study be de-
veloped to produce a broader range of monofilament

combinations. Each monofilament should be evaluat-

ed prior to patient use to ensure that the bending force
is accurate. The operator should be calibrated to control
both the speed of application and the depth of insertion

of the monofilament.

This study developed and instrumentally validated low-cost disposable monofilaments.
The results showed that, by using nylon monofilaments of different diameters and lengths,
38 Gamboa monofilaments were produced, capable of reproducing the force of Semmes-
Weinstein monofilaments within the 0.008 to 100 g range. This finding points to a promis-
ing avenue for future research, particularly in the assessment of orofacial tactile and pain

sensations.
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