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Introduction and Objective The management of penile carcinoma is very disabling
and mutilating, bur early treatment can be curative. Our group systematically performs
oncological management with immediate penile reconstruction and preservation of
the organ (partial penectomy, resurfacing, or glansectomy) when feasible. Due to the
low incidence of penile carcinoma, it is difﬁcult to achieve experience in penile
reconstruction using free grafts in a standardized and reproducible way. Therefore,
we herein present the results of the use of an inanimate model to identify the most
efﬁcient geometric way to procure and apply a free skin graft to reconstruct the penis.
Methods A preclinical inanimate model of the penis was developed to simulate the
surgical reconstruction using a free skin graft. Six different geometric skin-graft models
were created and tested. For each of them, we measured graft’s surface area as well as
the discarded surface after placing the graft on the penis for reconstruction. We also
measured the amount of suture lines required for reconstruction. All of these measurements in the six different models were compared.
Results Based on the six models, we identiﬁed that the longitude of the graft must
measure the same as the maximum perimeter of the glans in order to have a square that
enables the complete coverage of the penile defect. The total graft area for the ﬁrst 4
models was of 40 cm2; for models 5 and 6, it was of 60 cm2. The average discarded area of
the graft was of 18.135 cm2 (range: 12 cm2 to 30 cm2). Models 4 years 6 were the ones with
the least discarded tissue: 12 cm2. The average amount of suture lines to secure the
different model grafts was 7.3 (range: 5 to 12). The models that required the least amount
of suture lines were number 1 and 4, with a total of 5 suture lines.
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Conclusions The double trapezoid is the most efﬁcient model to reconstruct the
glans after organ-sparing oncological management. Our results contribute to establish
a more standardized and predictable technique to reconstruct the penis.

Resumen

Palabras Clave

► cáncer de pene
► desepitelización
► injerto de piel

Introducción y Objetivo El manejo del cáncer de pene es muy mutilante y discapacitante. Pero el manejo quirúrgico oportuno puede ser curativo. Nuestro grupo realiza
de manera sistemática el manejo oncológico con reconstrucción inmediata del pene y
preservación del órgano (penectomía parcial, desepitelización, o gladectomía) cuando
sea viable. Como la incidencia de cancer de pene es baja, lograr obtener la experiencia
en reconstrucción de pene con el uso de injertos libres de manera estandarizada y
reproducible resulta difícil. Por lo tanto, presentamos en este artículo los resultados de
un modelo inanimado para identiﬁcar la forma geométrica mas eﬁciente de obtener y
aplicar un injerto de piel libre para reconstruir el pene.
Materiales y Métodos Se desarrolló un modelo preclínico y inanimado del pene para
que se simulara su reconstrucción quirúrgica con el uso de un ijerto de piel libre.
Desarrollamos y evaluamos seis modelos geométricos de injerto de piel distintos. Para
cada uno, medimos el area total del injerto y la del tejido desechado tras ponerlo en el
pene para la recosntrucción. También medimos la cantidad de líneas de sutura
necesarias para la recosntrucción. Comparamos todas las medidas entre los seis
modelos distintos.
Resultados De los 6 modelos diferentes, encontramos que la longitud del injerto
debe tener la misma medida que el perímetro máximo del glande para que se tenga un
cuadrado que nos permita cubrir todo el defecto del pene. El area total de los 4 modelos
iniciales fue de 40 cm2, y el area de los modelos 5 y 6 fue de 60 cm2. El area promedio
del tejido desechado en los injertos fue de 18,135 cm2 (rango: 12 cm2 a 30 cm2). Los
modelos 4 y 6 fueron los que tuvieron la menor cantidad de tejido desechado: 12 cm2.
El promedio de la cantidad de líneas de sutura para atar los distintos modelos de injerto
fue de 7,3 (rango: 5 a 12). Los modelos con la menor cantidad de líneas de sutura fueron
el 1 y el 4, con un total de 5 líneas.
Conclusiones El modelo de doble trapezoide es el más eﬁciente para reconstruir el
glande tras el majejo oncológico en que se preserva el órgano. Nuestros resultados
contribuyen para establecer una técnica de reconstrucción del pene más estandarizada
y previsible.

Introduction
Penile cancer affects around 1% of men in developed countries. About 10% of these tumors present as carcinoma in-situ
(CIS), and are prone to conservative management.1 The most
common presenting location for malignant penile cancer is
the glans and/or prepuce, with  78% of the lesions detected
at this location.2 Glans resurfacing is one of the few techniques used to treat non-invasive penile cancer that is conﬁned
to the glans. Currently, the European Association of Urology
guidelines recommend conservative surgery as a primary
option for the management of superﬁcial non-invasive disease (penile intraepithelial neoplasia, PeIN), or as
a secondary option after failure of topical chemotherapy or
laser therapy.3 It is also recommended as a primary option
for the management of Ta, T1a (G1, G2) tumors.4 The
technique for glans resurfacing total (total glans resurfacing,
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TGR) or partial (partial glans resurfacing, PGR: excision of
less than 50% of the glans epithelium).4,5 Partial resurfacing
is usually indicated in cases of localized CIS affecting less
than 50% of the glans.4 The goal of reconstruction is to restore
the cosmesis and function of the organ.6,7 This entails
retaining or restoring the ability to urinate while standing,
to achieve erection and sexual penetration, and to maintain
erogenous sensation.2 The overall satisfaction rate and recovery of the sexual function are acceptable, and it could be
considered an ideal treatment.4
Considering the feasibility of performing oncological and
reconstructive management simultaneously, surgeons
treating these conditions need to achieve and master
both techniques. Given the low frequency of this condition,
the case volume is a limiting factor to have a signiﬁcant case
log to become proﬁcient in this technique. Furthermore, the
limited reproducibility and standardization to effectively

© 2021. Sociedad Colombiana de Urología. All rights reserved.

Geometrical Model of Free Skin Graft
procure and use the graft makes this surgery more challenging. Therefore, the aim of the present manuscript is to
describe the results of an inanimate model to identify an
efﬁcient and standard way to procure, prepare and secure
the skin graft.

Methods
A preclinical experiment using an inanimate penile model was used to simulate a glans resurfacing scenario. The
penile dummy was made from silicone and had a circumference at the glans of 10 cm in its widest point, and a
total longitude of 14 cm. The skin graft was simulated
using a moist disposable polyester towel (with a thickness of 0.045 cm) considering its physical similarities to a
partial thickness skin graft.8 The dimensions of the skingraft model were initially based on our clinical experience of procurement of rectangular skin grafts considering the technical limitation of the shape of the
dermatome. The ﬁrst adjustment was to use a rectangular
length that would secure a complete circumferential
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coverage of the glans. The width of the graft was based
on the measurement of the distance between the tip of
the glans and the coronal sulcus. For each model, we
arbitrarily designed 6 different geometrical shapes
( ►Table 1). For each shape, a resurfacing procedure was
simulated. All models were designed to achieve 100%
coverage of the glans defect. The shape of each model
is presented in ►Table 1.
Total surface area, required sutures lines to secure the
graft to glans and the discarded graft area was measured
for each model deﬁne the best and most efﬁcient model.
We developed six geometric models, as follows:
Model 1: Simple crown. To obtain the width of the skingraft model, we measured the distance between the urethral meatus and the edge of the coronal sulcus. The
circumference of the glans at its widest point translated
into the length of the model. The graft was prepared as a
rectangular shape; it was placed around the coronal sulcus,
resulting in a cylinder ﬁgure. The dorsal end of the graft was
then brought closer to the urethral meatus ﬁxing it to the

Table 1 Model shapes and description of area of coverage
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surface. The excess area was removed with scissors, achieving 100% of surface coverage (►Table 1).
Model 2: Octagon. Same measurements and shapes were
used as in model 1. The rectangle was divided in half to
obtain two non-equilateral squares. Each graft square was
altered to a half-moon shape with a rectangular base. To
provide a curvature to the upper part of the graft, a
triangle was drawn in each corner. The triangles and the
area over the dotted line were removed with scissors,
covering 100% of the right half of the glans. The same
procedure was performed on the left side of the glans
(►Table 1).
Model 3: Pentagon. The size and shape of the graft were
the same as in model 1. The rectangle was divided
perpendicularly to its length in four equal parts, obtaining
four separate squares. The glans was divided into four
quadrants (dorsal, ventral, right side and left side). Each
square was ﬁrst ﬁxed at the dorsal and ventral quadrants,
then the lateral ones were secured removing the overlapped tissue (►Table 1).
Model 4: Crown with band. The measurements were the
same as those used in model 1. The graft was divided
longitudinally in two equal parts. The glans was divided
horizontally into a proximal and a distal portion, and the
graft was ﬁrst ﬁxed to the most proximal part and then to
the most distal part around the urethral meatus. The
excess tissue was trimmed (►Table 1).
Model 5: Hourglass. The distance between the urethral
meatus and the coronal sulcus of the glans on the left and
right sides was used to get the length of the graft. The
rectangular graft was placed perpendicularly above the
glans, covering it as an “umbrella.” The edges were stitched
to the edge of the coronal skin (►Table 1).

approach is reported and applied to identify the most
efﬁcient geometrical model to perform immediate penile
glans resurfacing. Given the low prevalence of penile carcinoma, we believe that our novel results, using the technique
presented in model 4, will help surgeons in the preparation
and placement of the graft. Although probably not clinically
signiﬁcant, models1 to 4 had smaller total graft areas, which
may result in a smaller scar on the donating area. We
acknowledge that grafts do retract  10 % to 20% once
healed.10 When our results are translated into the clinical
scenario, it may be important that surgeons applying this
technique keep this fact in mind.
Furthermore, models 4 and 6 had the lowest amount of
discarded excess area. of  12 cm2 in comparison to the other
models. Nonetheless, measuring the discarded tissue areas, it
is interesting to notice that discarded tissue may be as high as
75% of the graft’s total area. This may have more clinical
relevance when larger surface areas need to be
reconstructed.
Based on our clinical experience in this ﬁeld, we do not
believe that suture lines clearly manifest as a visible scar
affecting the clinical esthetic results.11 Nonetheless, we
included the amount of suture lines in our analysis
considering the probability that the fewer the sutures,
the shorter the operative time; and it may reduce complications such as hematomas and graft loss due to poor
take along the suture lines. Further clinical studies are
needed.
A limitation of the present article is the lack of clinical
data. Nonetheless, to overcome this, we started with an
inanimate penile model to test our concept; it could also
be used as a possible training model for residents, considering the low prevalence of the condition.

Results

Conclusion

In the comparison of the six geometrical shapes, we identiﬁed that model 4 (crown with band) had the shape with the
least discarded surface and the least amount of suture lines
(►Table 1). Models 1, 2, 3 and 4 had a total graft area of
40 cm2. Regarding the total area of the discarded graft, model
1 had 24.26 cm2, and used 5 suture lines; model 2, it was of
16.85 cm2, with 6 suture lines; for model 3, 30 cm2, with 12
suture lines; and, for model 4, 12.1 cm2 and 5 suture lines.
Models 5 and 6 had a total graft area of 60 cm2. Model 5 had a
removed excess area of 13.6cm2, with 6 suture lines, And
model 6, 12 cm2, with 10 suture lines.

Our results may contribute to the standardizationof a
surgical technique for glans resurfacing and to facilitate
graft harvesting for better reproducibility and training.
Future studies may include the evaluation and impact
of our model on resident’s training as well as clinical
results.
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