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Abstract

Purpose The present study aims to analyze the accuracy of injections aimed to hit the proximal and depth part of the patellar
tendon “target point” in patellar tendinopathy, comparing ultrasound-guided or non-ultrasound-guided (blind) injections.
Methods A cadaver randomized study was carried out. Injections were performed under ultrasound control, as well as blinded.
There were 26 knees from fresh cadavers and injections were placed by 26 practitioners with experience in the use of muscu-
loskeletal ultrasound and injection treatment. Each participant performed 6 ultrasound-guided and 6 blind punctures in different
cadaveric specimens. This provided 312 injections that were analyzed in 2 different anatomical cuts, thus providing a database of
624 measurements for statistical analysis.

Results Statistically significant differences were observed (p <0.0001) in the distance from the target point between the
ultrasound-guided and the non-guided infiltrations. The “unguided” injections were considered to have been performed on
average 10 mm away from the target point compared to the “ultrasound-guided” injections. The ultrasound-guided injections
obtained an accuracy of 74.36% while the “non-ultrasound-guided” injections obtained an accuracy of 11.54% (p < 0.0001).
Conclusion The use of ultrasound to guide the positioning of injections on the dorsal side of the proximal patellar
tendon had a significantly higher accuracy compared to blind injections. The finding provides knowledge of impor-
tance for injection treatment.

Keywords Ultrasound - Guided - Patellar tendinopathy - USGET - Tendinitis

Introduction

Treatment of proximal patellar tendon disorders includes
targeted injection treatments. Injections of platelet-rich plasma
(PRP) [1, 2] or ultrasound-guided galvanic electrolysis tech-
nique (USGET) [1, 3], polidocanol [4, 5], stem cells [6], and
hyaluronic acid [7] are in use.

On one hand, the problem arises when doctors want to
know whether the puncture or infiltration has produced the
desired biological effect. On the other side, practitioners often
do not consider whether it has been performed at the correct
point on the target tissue. That is, whether it has been
ultrasound-guided to the exact point to be treated or it has
been performed blind without being able to be sure of the area
to which the therapy has been applied [8—10]. The positioning
of the injection in relation to the tendon and target point is
considered of significant importance.
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patellar tendon is the target point (Fig. 1). Ultrasound has been
shown to be useful for diagnostic purposes and to guide injec-
tions (Fig. 2) [11].

The aim of the present study was to evaluate the accuracy
of ultrasound-guided versus blind injections positioned on the
dorsal side of the proximal patellar tendon. As far as the au-
thors know, this is the first work that analyzes the accuracy of
ultrasound-guided versus blind punctures inside the injured
area of the patellar tendon to provide guidelines for action in
future interventions.

Material and methods
Specimens

Informed consent was obtained for all bodies donated to sci-
ence (document approved by the Ethics and Experimentation
Committee of the Faculty of Medicine, Universitat Autonoma
Barcelona (UAB), as of 03/27/2015). The cadaveric material
comes from the voluntary donation of the body to the Faculty,
for teaching and research purposes, in accordance with proce-
dure 2904 approved by the UAB Commission on Ethics in
Animal and Human Experimentation on March 27, 2015.
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Fig. 1 Image of the anatomical dissection of the patellar tendon where its
close relationship with the paratenon and Hoffa fat pad can be observed,
as well as the proximity of the lower patella of the patella with the deep
fibers of the tendon. The deep and proximal part of the patellar tendon is
the most frequently injured area (target point)
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A cadaveric study including 26 fresh knees was per-
formed at the medical school. All the bodies were sero-
logically tested to rule out infectious diseases (HIV, hep-
atitis B and hepatitis C) before starting the study. Of the
26 donors, 9 were women and 17 men. The average age
was 82 years (range 69-98 years) and there were 14 right
knees and 12 left knees. The limbs were stored frozen at
—40 °C until 2 h before use.

The authors declare no conflict of interest in this article.

Intervention

Twenty-six practitioners performed the infiltrations. The prac-
titioners had an average of 3.8 years (range 1-15 years) of
experience in the use of musculoskeletal ultrasound, and
2 years (range of 2 to 25 years) of experience from needle
invasive therapies (needle injections).

The practitioners were fully informed about the objective
of the study. The objective was to inject a volume into the
deep side of the proximal patellar tendon at the level for the
patellar tip (target point), with and without ultrasound-
guidance (Fig. 3).

With the help of 5 ml luer-lock syringes, using 30 mm
long 21G needles, 1 cc of colored natural latex was
injected. The cadaver specimens and practitioners were
randomized. Each practitioner conducted 6 ultrasound-
guided and 6 blind (without ultrasound guidance) injec-
tions, each into a different specimen. After injection, the
specimens were immediately frozen at — 40 °C. Altogether,
312 injections were included into a database. For analyses,
serial cuts (1 cm thick in the sagittal plane) were made with
the help of a vertical band saw—using a 4-mm blade
(Medoc BR 400, Medoc SA, Logrofio, Spain).

Image data analysis

Immediately after making the cuts, we proceeded to identify
the two most significant serial cuts showing the location of the
latex injection and photographed it (Canon Digital Camera
G11 5x-6.1-30.5 mm 1: 2.8-4.5) with a ruler in the same
photo. This information (26 practitioners x 12 infiltrations x
2 cuts) constituted a database of 624 measures (312
ultrasound-guided and 312 blind) for later statistical analysis.

For the computer analysis of the images, Fiji (Fiji Is Just
Imagel) software was used. It is an open source software
focused on analyses of biological images [12]. Fiji is a
distribution of the open sourced software ImagelJ focused
on biological image analysis. Using this software, the dis-
tance between the point to infiltrate (previously determined
target point) and where the infiltration had been positioned,
was calculated.
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Fig.2 High-resolution ultrasound-guided image of patellar tendinopathy.
Panoramic view with lineal probe 5-16MhZ. Double arrow shows a thick-
ened tendon. The white asterisk shows the fibrosis produced due to long-

Reproducibility and statistical analysis

The statistical analysis was performed with SAS v9.4 software
(SAS Institute Inc., Cary, NC, USA). Statistical decisions
were based on 0.05 as the level of significance. A validation
of the internal consistency of the database variables as well as
out-of-range values and missing values was performed to fully
ensure their reliability. The main responsible variable was
analyzed, this being the average distance to the target point
(target point) in the different sections, categorizing this mean
as accuracy.

In the first place, since several punctures were made on the
same tendon, the random effect was analyzed. Upon not
obtaining statistically significant differences, the punctures
were considered as independent. A Kolmogorov-Smirnov
normality test for each study and section along with a descrip-
tive analysis of the data was performed. The box diagram of
the mean distance to the center of the tendon and the table with
the basic descriptive statistics (n, medium, std., minimal, Q1,
medium, Q3, maximums and missings) are presented accord-
ing to whether the injection was ultrasound-guided or blind.

Patella
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term evolution of the lesion and the black asterisk sign the hypoechoic
area of rupture

The non-parametric contrast was performed for two indepen-
dent samples.

For the evaluation of Accuracy, a descriptive analysis of
the data was performed. It is presented with an Accuracy bar
chart and a table with the basic descriptive statistics (N,
Percentage) based on whether the injection was ultrasound-
guided or not. The Chi-Square independence test was carried
out to see whether there were differences in the distribution of
the injection Accuracy based on whether it was ultrasound-
guided or not. The indicator, accuracy = completely success-
ful versus no accuracy = partially successful and not accurate,
was calculated.

Results

There was a significant difference (p < 0.05) in the distance to
the target point between the ultrasound-guided and blinded
injections (Fig. 4). The median distance to the target point
for the 156 blinded punctures was 4.64 mm (Q1 =3.57,

Patella

Fig. 3 Ultrasound images of patellar tendinopathy in longitudinal view with a 5-16MhZ lineal probe. Image a shows a thickened patellar tendon with
neuro-vascular ingrowth (white arrow). Image b shows the needle inside the tendon (white arrow) during the procedure
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Fig. 4 Bar chart showing the distance to the target point of the punctures
performed in both an ultrasound-guided mode (green) and those per-
formed blind (blue)

Distance to the Bullet point

Q3 =7.85) and for the ultrasound-guided 2.5 mm (Q1=1.9,
Q3=3.11) (Table 1).

Statistically significant differences were observed
(p <0.0001) in the distance to the target point between those
that were ultrasound-guided and those that were blinded. In
addition, the median for the “non-guided” puncture group was
14 mm while for the “ultrasound-guided” group it was
9.5 mm. All the ultrasound-guided punctures were below the
median of the “non-guided” punctures.

In ultrasound-guided punctures, an estimate of the mean
distances to the target point of 2.6 mm was obtained, 95%
CI=[2.05, 3.15]. In contrast, an estimate of the mean dis-
tances to the target point of 6.6 mm, 95% CI=[6.03, 7.13]
was obtained in the non-guided punctures.

Statistically significant differences were detected (¢ value =
—10.07; p value <0.0001) between Ultrasound-guided and
unguided (blinded) punctures. The difference between
Ultrasound-guided/unguided punctures was — 10.3 mm
(95% Cl=[—4.76, —3.2]). This means that it was estimated
that the unguided punctures are performed on average 3.9 mm
farther from the target point than the ultrasound-guided punc-
tures (Fig. 5).

A significant difference was observed when analyzing cor-
rect punctures versus incorrect punctures, depending on
whether it is performed unguided or ultrasound-guided.

Table 1
median, minimum, maximum, and quartiles are shown

Almost 90% of the unguided punctures are distributed in par-
tially successful (48.1%) and not correct (40.4%) while most
of the ultrasound-guided punctures (74.4%) are totally correct
punctures and only have a ratio of 3.9% (6 punctures) incor-
rect (Table 2).

Discussion

The main finding of this study was that ultrasound-guided
injections were significantly more accurate than blinded injec-
tions when injecting in the proximal patellar tendon. This
information might be of significant information when address-
ing injection treatment to the patellar tendon.

The use of ultrasound-guidance for injections in knee dis-
orders has been widely reported in the literature [8—10]. As far
as we know, the present work demonstrates, for the first time,
that injection treatments targeting the patellar tendon should
also be ultrasound-guided.

Injection therapies are in focus for discussion consider-
ing their efficiency [1]. In some studies ultrasound-
guidance is used, while in others no ultrasound guidance
is used, and this difference might be of importance for the
effect of the treatment. Therefore, it seems reasonable to
establish the most accurate technique to use when injection
to a specific target. Different studies show how the thick-
ness and ultrasound characterization of the patellar tendon
should be analyzed [13—15]. With the popularization of the
ultrasound devices every day, more and more articles on
ultrasound-guided techniques can be found, demonstrating
the rise of these techniques [1, 3, 6, 16].

Ultrasound-guided electrolysis (USGET) has grown in sci-
entific evidence and use in recent years [1, 3]. It has been
positioned as an effective conservative technique in the treat-
ment of refractory tendinopathies prior to the surgical option.
The local inflammatory reaction produced by the passage of
said galvanic current provides the start of the regenerative
response of the injured tendon. Subsequently applied eccen-
tric exercise provides an ideal mechanical stimulus for the
remodeling of the treated tissue [3, 17]. Initially, 2-3 mA
doses were applied but the use of larger doses (8-20 mA)
under local anesthesia has been established until a total

Distance of the ultrasound-guided or blind infiltrations to the bullet point. The number, mean, and standard deviation as well as

Distance to bullet point

N Median Std Min Ql Median Q3 Max Missing
Blinded 156 6.58 4.79 1.01 3.57 4.64 7.58 32.09 0
US-guided 156 2.60 1.17 0.61 1.90 2.53 3.11 8.16 0
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Fig. 5 Bar chart showing the distance to accuracy of the ultrasound-
guided or blind infiltrations. Standing out in the target point is 100%
infiltrations, 100% in green with the partially successful ones in blue
and the wrong ones in red. Note the clear difference in the green bar of
the ultrasound-guided infiltrations over the blind
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debridement of the lesion is achieved. The amount of energy
provided in a treatment is estimated at between 1000 and 1500
millicoulombs. The application of high doses provides better
results and allows for periods of time between major treat-
ments and doing the necessary eccentric exercises between
USGET treatments [1, 17].

For all the above, accuracy in the application of the
USGET is of vital importance. Therefore, its use must be
limited to trained personnel capable of performing it under
ultrasound control.

The use of biological therapies such as PRP or mesenchy-
mal stem cells (MSC) has grown in importance in recent years
[1, 2, 6]. The importance of finding the target where to deposit
the cells (platelets or mesenchymal) is likely crucial for max-
imal effects [10, 18]. As shown in the article of Abat et al. [8],
the infiltration of PRP or MSC without ultrasound guidance
could not place these cells in the target point. Hyaluronic acid
has been proposed as a complement in the treatment of
tendinopathies [7]. It is believed to improve tendon gliding
functions and reduce adhesions between the paratenon and
the tendon. The need to position the HA between the tendon

Table 2 Accuracy of ultrasound-guided or blind infiltrations. Results
classified as successful, partially successful, or not successful

Accuracy
Right-on-target Partially Not Total
successful successful
N % N % N % N
Blinded 18 11.54 75 48.08 63 4038 156
US-guided 116 74.36 34 2179 6 03.85 156

and the paratenon, seems impossible without the use of ultra-
sound guidance.

The present study has limitations. We used cadavers from
old donors, where the tissues are different to inject into com-
pared to alive young humans.

In conclusion ultrasound-guidance for the positioning of
injections on the correct spot of the proximal patellar tendon
had a significantly higher accuracy compared to non-
ultrasound-guided blind injections. This finding demonstrates
the importance of using ultrasound guidance for patellar ten-
don treatments.
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