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Abstract

Objectives: Ultrasound (US)-guided injections using corticosteroids or
platelet-rich plasma into the knee joint is commonly used for conservative
treatment of knee pathology. Practitioner skill acquisition can be
challenging due to expensive simulation models and desire to limit practice
on live patients. We sought to create an inexpensive, accurate educational
prototype for intra-articular knee injections.

Methods: Two Polyvinyl Chloride (PVC) pipes were used for the skeletal
infrastructure with a detergent pod placed in between the PVC pipes to
replicate the joint space. Layers of undercooked bacon simulated the
hyperechoic medial collateral ligament and hypoechoic subcutaneous
tissue. The total model cost was $6.88.

Results: Our PVC model simulated anatomical landmarks and was
validated through comparison to standardized educational US training
videos. The model was successfully recreated 10 times. Furthermore,
the PVC model was able to facilitate intra-articular knee injections by
penetrating through the superficial structures of the model and injecting
into the detergent pod. The model was used to facilitate injections under
US guidance with 24 different medical student practitioners across 4
different educational sessions. We further validated our model with US
experts.

Conclusions: Our knee model was successful in replicating medial, intra-
articular knee injections under US guidance. It provided accurate injection
practice as it simulated realistic bony landmarks and soft tissue. Because
our model is inexpensive and easy to make, many more learners in the
medical field can now safely and easily practice this procedure.
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Introduction

The knee joint is a critical weight-bearing joint that is also the largest
articulating surface in the human body. Approximately 25 percent of adults
will develop chronic knee joint pain at some point in their lifetime [1]. Chronic
knee pain stems from a wide variety of inflammatory and degenerative causes
and is associated with decreased quality of life. Not surprisingly, patients
frequently seek medical attention to relieve their knee pain. Traditionally
surgical interventions were the first line for knee joint issues; however,
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more conservative therapies have gained popularity. Ample
research exists to support a trial of conservative measures
prior to surgical intervention [2,3]. Intra-articular steroid
injections have been reported to provide significant patient
benefits by decreasing knee pain with minimal side effects as
compared to surgery [4-6].

Historically, intra-articular knee injections were guided
by a “feel” for anatomical landmarks that could be easily seen
or palpated. With the recent technological US advancements
allowing for more readily accessible, user-friendly devices
with high quality imaging, Ultrasound-Guided Injections
(UGI) have become the norm [7]. Studies support UGI is
superior to landmark-based injections as real time images
offer superior target location and accurate injection [8].
A 2021 meta-analysis comparing UGI to a blind approach
found that UGI had an accuracy of >95% with all anatomical
approaches while the blind injections precision ranged from
77.3% to 95.74%.8 Moreover, UGI provide a correct and
cost-efficient method for injections [9-12].

Proficiency with UGI requires significant training. Rather
than relying on the bedside training axiom “see one, do one,
teach one,” learning through simulation has been shown to
be both safer and more effective. However, teaching US
guided injections into the knee joint comes with challenges
of cadaver availability and model expense. Low-cost,
easy to get mockups for US procedures have previously
been reported [13-17]. Our aim is to create an inexpensive
and accessible educational model that demonstrates the
anatomical and procedural accuracy of an intra-articular knee
injection through the medial approach under US guidance.
Additionally, we sought to make trainees more comfortable
using US-guided knee injection procedures.

Methods and Materials
Materials

Using PVC pipe and electric tape purchased at a national
chain hardware store, coupled with bacon strips, rubber bands
and detergent pods from the supermarket, we constructed a
medial knee joint. Table 1 details the cost of each product
and total model:

The materials were chosen specifically to best represent
anatomical landmarks:

Table 1: Materials used to assemble the medial knee model.

Material Amount Cost ($)
PVC Pipe 1" x 24” 1 1.65/pipe
Detergent pod 1 0.31/pod
Uncooked bacon strips 2 0.64/strip
Rubber bands 1 0.99/package
5 mL Disposable syringe with a 1.5” 25 1 0.65/syringe
Ga needle

Electrical tape 1 2.00/roll
Total cost of the model 6.88
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e PVC pipes: distal femur and proximal tibia
¢ Detergent pod: medial meniscus and synovial space

¢ Bacon strips: medial collateral ligament and subcutaneous
tissue

¢ Rubber bands: insertion of medial collateral ligament to
respective bones

The pipe was cut into multiple 1” x 6” pieces, which was
a desired length to improve the maneuverability of the knee
model. If options to cut the PVC pipe are unavailable, 2 PVC
pipes can be bought and used instead.

Medial Knee Model Construction

Two cut 1” x 6” PVC pipes were laid out in a line with a
space in between. The ends of the two PVC pipes represent
the femur medial epicondyle and tibia medial condyle
respectively. Glue was applied around the ends of the
detergent pod to secure it in the desired position as needed.
The detergent pod was then placed halfway into the lumens
of both PVC pipes to represent the medial meniscus and
synovial space. The two PVC pipes with the detergent pod
in between them were bent 10 degrees to demonstrate slight
knee flexion, which imitates the desired positioning for our
medial knee injection. Electrical tape was used on the inferior
lateral sides of the knee model to increase stability.

Once the PVC pipe and detergent pod model is in slight
flexion, two strips of bacon are placed on one of the sides of
the model, which will be deemed the medial side. The strips
of bacon are folded in half and stacked on top of each other.
Two rubber bands are used to fasten the bacon to the model.
One band is wrapped around each end of the bacon and its
respective PVC pipe. The model is then checked for stability
and glue is applied as needed if any parts of the model are
loose. Figure 1-3 displays examples of how to assemble the
model:

Procedure: Ultrasound-Guided Medial Knee Injection

Once the model was assembled, either a handheld US
probe (Butterfly IQ) or a portable US probe (Mindray TE7)
was obtained. The US probe was placed longitudinally with
the probe’s notch pointing towards the top of the model. The
representative anatomic structures were visualized under
US, and a 25-gauge needle with 5 cc of room-temperature
tap water was obtained. The needle was injected into the
model adjacent to the US probe’s notch, and then the needle
was located under US guidance. Tilting and sliding of the
US probe were done as needed to achieve the ideal needle
visualization. The needle was then advanced in between the
PVC pipes and into the detergent pod. Once the needle was
in the desired position, the 5 cc of solution was administered
into the detergent pod to stimulate a medial knee injection.
The injection procedure was observed under US guidance to
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Figure 1: Sketch of a horizontal view of the medial knee model.
Subcutaneous tissue (SQ), medial femoral condyle (DF, “distal
femur”), proximal tibia “plateau” (PT).
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Figure 2: Sketch of a superior view of the medial knee model.
Subcutaneous Tissue (SQ), Medial Collateral Ligament (MCL),
medial femoral condyle (DF, “distal femur”), Joint Space (JS),
Proximal Tibia “Plateau” (PT).

Figure 3: Superior view of the PVC medial knee model.
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ensure proper injection location throughout the duration of the
procedure. Figure 4 demonstrates performing the injection:

Results

The PVC model was successfully assembled and recreated
10 times. Furthermore, the model was able to facilitate intra-
articular knee injections by penetrating through the superficial
structures of the model and injecting into the detergent pod.
This model and injection procedure were further validated
with US experts and sports medicine physicians as well as
through comparison to standardized educational US training
videos. The model was utilized at 4 different educational US
workshops, where 24 medical students used it to practice
UGIs. The materials used are shown in Table 1. The
appearance of the model under sonography is shown with its
representative structures labeled in Figure 5, and the medial
knee injection under US-guidance is displayed in Figure 6:

Figure 4: US-guided medial knee injection of the PVC knee model.

Figure 5: US image of the PVC medial knee model’s anatomical
structures using a handheld US probe (Butterfly 1Q). Subcutaneous
tissue (SQ), medial collateral ligament (MCL), medial femoral
condyle (DF, “distal femur”), medial meniscus (MM), proximal tibia
“plateau” (PT).
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Figure 6: US image of US-guided injection into the PVC medial
knee model using a handheld US probe (Butterfly 1Q). 1.5-inch 25
Gauge Needle (Needle), Injected Fluid (IF), Subcutaneous Tissue
(SQ), Medial Collateral Ligament (MCL), Medial Femoral Condyle
(DF, “distal femur”), Medial Meniscus (MM), Proximal Tibia
“plateau” (PT).

Discussion

The knee is one of the largest and most complex joints
in the body. A variety of reasons including trauma, arthritis,
and every day wear and tear result in knee joint injuries
being one of the most common reasons to see an orthopedic
physician.1 In fact, a study found the prevalence of total knee
replacements in one calendar year in the US came out to be
4.7 million [18]. Recently non-surgical treatments such as
cortisone injections, hyaluronic injections, or PRP (platelet-
rich plasma) injections have been shown to both delay and
prevent the need for knee surgery. This is especially helpful
for patients who are not surgical candidates [ 19]. These office-
based procedures are well-tolerated and cost effective [9-12].

Barriers to training practitioners in non-surgical US
injection therapies include cadaver access and cost prohibitive
simulation models [20]. For example, popular existing knee
US models can cost up to $4,000 or more. This was our
inspiration for designing a low-cost, easily reproducible
simulation model using materials from the grocery and
hardware stores. Although expensive knee models can also
be a great tool for training, our model is easy to assemble and
costs less than $7.00 [21]. We have shown our simulation US
images create normal anatomical US images and excellent
simulation training. Model building was simple and did not
require additional tools or space. The entire process took the
authors 5 — 10 minutes once materials were assembled. The
non-perishable parts of the model can be stored and reused
for future training sessions. Our model design allows for
other users to customize the building process or materials
based on their needs or accessible resources.

When creating any simulation model, it is important to
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provide a learning experience that accurately represents the
true clinical situation. A model that facilitates UGIs should
allow the user to appreciate anatomic structures, the needle,
an articular space to inject into, and materials that replicate
the feel of an actual knee. Our model accomplishes all these
goals [22]. When using our model, the user is able to visualize
a joint space and articulate bones because of the use of PVC
pipe which provides a similar echogenicity to that of bone.
The marbling of the bacon provided variable echogenicity
to simulate skin and subcutaneous tissue as well as provide
striations that would be seen in normal anatomy. Additionally,
using a detergent pod as the joint space provides a target for
injections which can be removed to assess accuracy post-
injection [23].

As with any experiment, we encountered limitations.
Our PVC knee joint model focused primarily on a medial
approach of the knee joint and thus all other approaches
were not included. The model also lacked external anatomy
to visually represent the knee joint [24]. External anatomy
could aid in estimating the injection site as well as provide a
more thorough simulation of the actual clinical experience.
Additionally, while inexpensive, the meat product and
detergent pod used in the model are perishable and should be
replaced as needed.

Conclusion

We have developed an inexpensive and easily reproducible
model which facilitates US structure visualization and US-
guided needle injections of the medial aspect of a knee joint.
The materials used provided an accurate representation of soft
tissue and bony landmarks that practitioners will encounter
when doing medial knee injections. We did not find other
inexpensive knee joint models reported, which speaks to
the novelty of our model in terms of US visualization and
guidance of medial knee injections. We hope our report
contributes to making US training more accessible and
effective for other clinicians. This model can be incorporated
into both undergraduate and graduate medical education to
further assess its capacity as a learning tool. Further studies
are needed to create an inexpensive and easily reproducible
total knee model that has the capacity for multiple injection
approaches such as suprapatellar and anterolateral approaches.
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