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ABSTRACT

Objective: to compare the performance of customized 3D print-
ed guides versus standard commercial guides for the repair of
rupture of the posterior root of the internal meniscus.
Methods: a prospective observational study was made of 6 pa-
tients subjected to arthroscopic repair of the posterior root of
the internal meniscus of the knee. The patients were divided into
two groups, with a standard commercial guide being used in one
group and the customized 3D printed guide in the other.
Results: there were no significant differences in surgery time be-
tween the two groups (p > 0.05). The mean time was 65 minutes
in the standard guide group (standard deviation -SD-: 8) versus
63 minutes in the customized guide group (SD: 10). The 3D printed
guides adapted on both supports to the bone surface of the tib-
ia and were precise in conducting the guide needles towards the
planned position. There were no problems derived from friction
between the metal of the needles and the bore of the customized
guide, and handling was ergonomically satisfactory for the surgeon.
Conclusions: the preliminary findings of this study warrant the
viability of the design and manufacture of customized 3D printed
guides for the repair of rupture of the posterior root of the in-
ternal meniscus, which allowed precise preparation of the tibial
tunnels. Their use did not shorten the surgery time versus the
conventional guides, though they allowed correct adaptation to
the patient anatomy, and handling was ergonomically satisfac-
tory for the surgeon.

Received 11 March 2021
Accepted 10 July 2021
Available online: September 2021

ABSTRACT

Guias personalizadas impresas en 3D para la reparacion de las
roturas de la raiz posterior del menisco interno. Resultados
preliminares

Objetivo: comparar la funcionalidad de las guias personalizadas
impresas en 3D versus las guias estandares comerciales al realizar
la reparacion de las roturas de la raiz posterior del menisco interno.
Métodos: estudio prospectivo observacional en el que se inclu-
yen 6 pacientes intervenidos artroscopicamente de una repara-
cion de la raiz posterior del menisco interno de la rodilla, dividi-
dos en 2 grupos. En uno de ellos se empled una guia comercial
estandarizada y en el otro la guia personalizada impresa en 3D.
Resultados: no hubo diferencias significativas en el tiempo quirGr-
gico entre ambos grupos (p > 0,05). La media fue de 65 minutos en
el grupo estandar (desviacion estandar -DE-: 8) y de 63 minutos
en el grupo de guias personalizadas (DE: 10). Las guias impresas en
3D se adaptaron en ambos apoyos a la superficie 6sea de la tibia
y mostraron precision en la conduccion de las agujas guia hacia la
posicion prevista. No hubo problemas derivados del rozamiento
del metal de las agujas con el alma de la guia personalizada y
el manejo resultd ergondomicamente satisfactorio para el cirujano.
Conclusiones: de los resultados preliminares obtenidos en este
estudio, se puede concluir la viabilidad del disenoy la fabricacion
de guias personalizadas impresas en 3D para la reparacion de las
roturas de la raiz posterior del menisco interno, que permitieron
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Level of evidence: level 2. Prospective cohort study.

Clinical relevance: The use of 3D printed guides allows custom-
ized surgery for reinsertion of the posterior root of the internal
meniscus.

Key words: Additive manufacture. Patient-specific surgical guide.
Medical 3D printing. Rupture of the posterior root of the meniscus.

Introduction

Rupture of the posterior root of the meniscus is defined
as avulsion, with or without a bone fragment, or radial
rupture at a location up to 1 cm from its insertion®. De-
scribed in 1991 by Pagnani et al.?, two presentations have
been established based on the underlying etiology: acute
traumatic deinsertion affecting the ligament through
which the meniscus inserts in the tibia (infrequent and
typical of young patients); and degenerative deinsertion
(more common) that appears in the context of arthrotic
lesions and affects a portion of the meniscus located at
a greater distance from the insertion, thereby leaving a
posterior stump®.

Mechanically, these lesions give rise to an alteration
similar to total meniscectomy™, and are also a potential
cause of instability of the knee, with rapid progression to-
wards osteoarthrosis of the affected compartment. Their
repair restores the load-transmitting function of the me-
niscus®?. Although conservative management and partial
meniscectomy have been used with good short-term clin-
ical outcomes™ repair and reinsertion of the root in its
original location is currently the technique of choice.

The method of repair may differ slightly depending on
the tear pattern of the root. The surgical reinsertion tech-
niques are divided into two large groups: repair using tran-
sosseous sutures and repair using anchorages with suture.
The transosseous techniques involve the passing of sutures
through the root of the meniscus, recovering them through
tunnels drilled in the proximal tibia, followed by knotting
them over a post, button or bone bridge on the anterior
surface of the tibia™*. Different configurations with differ-
ent biomechanical properties have been proposed. How-
ever, the two simple sutures option has resulted in less
displacement of the root and greater rigidity than more
complex configurations™. With regard to the tunnels, single
or double tunnel techniques have been described - the lat-
ter seeking to better reproduce the anatomical footprint(.

The transosseous suture techniques require guides for
preparing the tibial tunnels through which to reinsert the
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realizar los tUneles tibiales con precision. Su empleo no consiguio
disminuir el tiempo quirdrgico con respecto a las guias conven-
cionales, aunque permitio una correcta adaptacion a la anatomia
de los pacientes y una ergonomia satisfactoria para el cirujano.
Nivel de evidencia: nivel 2. Estudio prospectivo de cohortes.
Relevancia clinica: el empleo de guias impresas en 3D permite
una cirugia personalizada para la reinsercion de la raiz posterior
del menisco interno.

Palabras clave: Fabricacion aditiva. Guia quirGrgica especifica
para el paciente. Impresion médica en 3D. Rotura de la raiz pos-
terior del menisco.

root. A number of low profile guides are available on the
market that are adapted to the laterality of the knee (right
or left) and to the meniscus (internal or external). Despite
such adaptation, they allow variation of the tunnel an-
gle, but not of the morphology of the intraarticular arm
of each of them - a fact that may generate conflicts with
the anatomy of certain patients with narrow grooves or
prominent spines.

Three-dimensional (3D) printing has been used in
knee surgery for the design of customized guides for os-
teotomy™ and arthroplasty™, and even for anatomical
positioning of the femoral tunnel in anterior cruciate lig-
ament (ACL) reconstruction surgery®. However, we have
found no mention of application to surgery of the menis-
cus in the literature.

The present study compares the surgery time, reliabil-
ity and facility of use of customized 3D printed guides for
the repair - using transosseous tunnels - of rupture of the
posterior root of the meniscus, adapted to the anatom-
ical characteristics of each patient, versus the standard
guides, with the working hypothesis that the former are at
least as reliable and ergonomic as the latter, and result in
comparatively shorter surgery times.

Material and methods

A prospective observational study was made of 6 patients
consecutively operated upon during the year 2020 in our
centre to repair the posterior root of the internal menis-
cus (type 1 and 2 rupture according to the classification
of LaPrade)? divided into two groups of three patients
each. All the patients were operated upon by the same
surgeon, and were assigned on an alternating basis to one
group or the other. The double tunnel suture guide from
Smith & Nephew (Smith & Nephew, Inc, Massachusetts,
USA) was used in one group, and the customized 3D print-
ed guide in the other. All patients had been previously di-
agnosed based on the magnetic resonance imaging (MRI)
findings and complied with the indications for transtibial
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arthroscopic repair (normal axis knee, normal cartilage or
with Outerbridge grade | or Il lesions and Kellgren-Law-
rence grade 0-11 lesions). As exclusion criteria, we rejected
those patients with associated ligamentous or chondral
lesions requiring combined repair procedures.

There were two right knees and one left knee in both
groups. In the standard guides group, the mean age was
41 years, with a standard deviation (SD) of three years; all
of them were men. In the customized guides group, the
mean age was 38 years, with a SD of 5 years; there were
two men and one woman. There were no significant dif-
ferences in age or side of the lesion between the groups.

The study was approved by the Autonomous Clinical
Research Ethics Committee, and written informed consent
was obtained from all the patients.

Manufacture of the guides was based on virtual recon-
struction of the joint using the MITK (Medical Imaging In-
teraction Toolkit) free access software for the development
of medical image processing applications, developed by
the Medical and Biological Informatics (MBI) Division of
the German Cancer Research Center. As image source, we
used the DICOM (Digital Imaging and Communication On
Medicine) files corresponding to 1-mm transverse, sagittal
and coronal sections of the scan of each patient, obtained
with a high-field (1.5 T) Siemens MRI system.

Using Rhinoceros®, Rhino 6 (TLM, Inc.), each guide was
designed on a generic basis, followed by adaptation to
the virtual reconstruction of the knee of each patient, with
an entry point in the anteromedial cortical layer of the
tibia located medial to the anterior tibial tuberosity (ATT),
adapted to the bone relief, and two exit points in the in-
sertion zone of the posterior horn of the internal menis-
cus (Figure 1). Each guide housed two 3-mm bores for the
creation of two parallel tunnels (Figure 2). The tunnel an-
gle was 60° in all cases, with variation in each case of the
morphology of the intraarticular portion of the guide in

Figure 1. Design of the guide on the virtual reconstruction of the knee.
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Figure 2. Definitive guide design with two 3-mm bores.

order to fully adapt it to the anatomy and avoid impacting
against the tibial spines or medial femoral condyle.

The virtual image of each knee was printed to cre-
ate a 3D biological replicate of the joint using a Zortrax®
M200 3D printer with high-impact polystyrene (HIPS) as
material. Each guide was manufactured using polyamide
(a heat-sterilisable material) and an HP® Jet Fusion 4210
printer (Figure 3). The biological replicates allowed virtual
surgeries to check the guides for accuracy (Figure 4).

The surgical technique was carried out placing the pa-
tient in supine decubitus, following intradural regional an-

Figure 3. Printed guide.
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Figure 4. Printing of the biological replicate allows virtual sur-
gery for assessing the position of the tunnels.

aesthesia, with the knee free on the operating table, a lateral
stop and the induction of ischemia using a pneumatic cuff.
Standard anteromedial and anterolateral portals were
used. Once the rupture was identified, the bed of the me-
niscal root was prepared with an arthroscopic drill, remov-
ing the cartilage and leaving a freshened bone base. Using
the corresponding guides (Figure 5), two 2.8-mm tunnels
were made for passing two number 2 FiberStick® sutures

Figure 5. Adaptation of the guide in the surgical field.
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(Arthrex, Inc., Naples, Florida, USA) through one of them.
After suturing the meniscus with two simple stitches using
a FirstPass® suture passer (Smith & Nephew, Inc, Mas-
sachusetts, USA), they were recovered through the other
tunnel and knotted onto themselves at the anterior corti-
cal layer of the tibia.

With regard to the statistical analysis, the Student t-test
for independent data was used for the comparison of means.

Results

Reinsertion of the meniscal root was achieved in all cas-
es. There were no significant differences in surgery time
between the two groups (p > 0.05). The mean surgery time
was 65minutes in the standard guide group (SD: 8) versus
63 minutes in the customised guide group (SD: 10).

One of the patients in the standard guide group re-
quired modification of the perforation secondary to in-
traarticular exit of the Kirschner wire in a position different
from that planned, due to positioning difficulties caused
by the existence of a narrow intercondylar groove and
prominent spines. The 3D printed guides adapted on both
supports to the bone surface of the tibia and were precise
in conducting the guide needles towards the planned po-
sition (Figures 6 and 7). There were no problems derived
from friction between the metal of the needles and the
bore of the customized guide, and handling was ergonom-
ically satisfactory for the surgeon.

Figure 6. View from the anterolateral portal of the intraarticular
positioning of the guide and the intraarticular exit of the tunnels
at the footprint of the posterior root of the internal meniscus of
a right knee.
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Figure 7. Final repair (right Rnee).

Discussion

The present study shows that the use of customized 3D
printed guides for the repair of rupture of the posterior
root of the internal meniscus did not shorten the surgery
time versus the standard commercial guides; our working
hypothesis was therefore not confirmed. The customized
guides allowed correct adaptation to the anatomy of the
patient.

Most commercial manufacturers offer instruments
with guides for suturing and preparation of the tibial tun-
nel or tunnels. Although they facilitate repair and short-
en the operating times, meniscal repair guides are not
available in all circumstances and are not registered for
use in all countries. In addition, they may be expensive,
and while modular, their standard design can sometimes
cause inconveniences or imprecision in the presence of
anatomical variants of the tibia and femur. Low-cost and
customized alternatives are therefore required for the
treatment of these lesions.

One option for simplifying the process is the design of
disposable customized 3D printed guides. The main ad-
vantage of 3D printing in medical applications is the ca-
pacity to generate customized products®’, templates and
accessories tailored to the needs for use in operations,
implants, surgical accessories and tools that can be of
great value to both patients and surgeons®.

Additive manufacturing technologies used to be slow
and expensive®. However, proliferation on the market and
the progressively lower costs of 3D printers have favoured
their accessibility. An important benefit of 3D printing is
that it can produce items at a low cost. The traditional
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manufacturing methods remain less expensive in the
context of large scale production, though the cost of 3D
printing is increasingly competitive for small productions.
Likewise, the speed and software, and the materials used,
are continuously being improved upon; as a result, the 3D
printing of surgical materials is now a realistic option.

The use of 3D printing to produce single-use instru-
ments offers the possibility of exploring new designs that
can change completely from one patient to another, ra-
tionalizing the steps in the process.

This approach has been used to manufacture dental,
spinal and hip implants®. In open knee surgery, biologi-
cal replicates or anatomical models have been manufac-
tured for the treatment of fractures®), as well as for the
production of osteotomy guides™, arthroplasties™ and
even prosthetic implants®2. Surgical guides are the most
popular medical application in 3D printing®. In arthros-
copy, this technique has been used to develop guides for
anatomical positioning of the femoral tunnel in ACL re-
construction surgery™. However, we have found no men-
tion of its application to surgery of the meniscus in the
literature.

The reported advantages of specific surgical guides
for patients include shortened surgery times and greater
precision in the operations, thanks to personalisation®®.
In the present study, the printed guides were unable to
significantly shorten the surgery times, though they were
found to be precise tools, and in particular were able to
adapt perfectly to the morphology of each of the operated
patients. The precision of the guides is an important fac-
tor for their generalised adoption in surgery. In a system-
atic review of the 3D printing techniques in the medical
setting, Tack et al.?” found up to 30% of the models to be
associated with average or insufficient precision.

In our study, the opening of the tibial tunnel was seen
to be in a favourable position in both groups. However, in
one of the cases in which conventional guides were used,
a condylar-spinal spatial conflict was observed that re-
sulted in forced positioning of the guide and emergence
of the Kirschner wire in a position different from that
planned. Repositioning and repeating perforation thus
proved necessary.

Customisation of the guide and its adaptation to the
anatomy of each individual patient is a clear advantage,
particularly in those cases characterized by morphological
alterations of the joint. Preoperative planning is facilitat-
ed, together with its use in combination with other cus-
tomized guides in order to avoid the crossing of tunnels
in more complex surgeries with associated multiple-liga-
ment damage.

The guides were easy to produce, with a total design and
printing time of 24 hours, and a polyamide cost of 8 euros.

The modified MRI protocol with 1-mm sections was nec-
essary to obtain biological replicates guaranteeing the de-
sired precision, and implied another 10 minutes of explora-
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tion time. Further studies are needed to determine whether
production based on MRI scans of lesser resolution or with
a fewer number of imaging acquisitions is feasible.

After sterilisation, these surgical guides can be used
intraoperatively in any hospital and may reduce the instru-
ments purchasing costs in those cases where the manu-
facturers do not supply such instruments along with their
implants. On the other hand, these guides not only allow
adaptation to the anatomy of the patient but also facilitate
ergonomic modifications adaptable to each particular sur-
geon. Likewise, they weigh less than metal instruments®.

The limitations of this preliminary study include a small
number of patients, which results in low statistical power,
and the fact that no evaluation was made of other printers
or printable materials capable of improving the accessibili-
ty or cost of manufacturing the guides. Lastly, no cost/ben-
efit analysis of the customised guides was made.

Conclusions

This study has demonstrated the viability of the design
and manufacture of customized 3D printed guides for the
repair of rupture of the posterior root of the internal me-
niscus, allowing precise preparation of the tibial tunnels.

Their use did not shorten the surgery time versus the
conventional guides, though they allowed correct adapta-
tion to the patient anatomy, and handling was ergonomi-
cally satisfactory for the surgeon.
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