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Abstract: Background: Evidence suggests the plantar fascia and its interphase with the flexor
digitorum brevis muscle can play a relevant role in plantar heel pain. Needling interventions
could offer an appropriate treatment strategy to addressing this interface. Objective: We compared
the accuracy and safety of ultrasound-guided versus palpation-guided procedures for the proper
targeting of the interface between the plantar fascia and the flexor digitorum brevis with a solid
needle. Methods: A crossover cadaveric study was conducted. Five experienced therapists performed
a series of 20 needle insertions each (n = 100 in total, 10 landmark-guided and 10 ultrasound-guided)
on 10 anatomical samples. The therapists were instructed to accurately place the needle on the
interface between the plantar fascia and the flexor digitorum brevis muscle. The distance of the
tip of the needle to the identified target (accuracy), the surrounding sensitive structures targeted
(safety), the time needed for the procedure, the number of needle passes, and the needle length
outside the skin were assessed. Results: The ultrasound-guided technique was associated with a
significantly higher accuracy (p < 0.001) but without differences in safety (p = 0.249) as compared to
the palpation-guided procedure. Conclusion: Our results suggest that ultrasound-guided insertion
exhibits greater accuracy but not greater safety than palpation-guided insertion when targeting the
interface between the plantar fascia and the flexor digitorum brevis.

Keywords: plantar fascia; ultrasound; needling; interphase; accuracy; safety; cadaver

1. Introduction

Plantar heel pain or plantar fasciitis is one of the most prevalent tendinopathies of the
lower extremity, as it affects 20-40% of both athletic [1] and non-athletic [2] populations.
Conservative management is considered the first therapeutic line for treating plantar heel
pain. Clinical guidelines recommend different treatment interventions, e.g., corticosteroid
injection, exercises, extracorporeal shockwave therapy, or manual therapies for plantar heel
pain [3,4]; however, current evidence on which treatment strategy is the most effective is
inconclusive [5]. Two meta-analyses have found that needling interventions are effective
for managing plantar heel-associated pain [6] but highlighted the need for further research
on their efficacy and the methodology used to perform these interventions.
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It has recently been suggested that a relationship exists between plantar fascia in-
volvement and the flexor digitorum brevis [7]. It was proposed that involvement of the
flexor digitorum brevis muscle may be a factor that increases the likelihood of experiencing
plantar heel pain [7]. This hypothesis would support the use of interventions targeting the
interphase between these two structures. In fact, the role of soft-tissue interphases in other
body areas, such as the Hoffa’s fat pad and the patellar tendon for knee pain problems, has
been investigated [8].

Percutaneous needle electrolysis is a technique that involves the application of a gal-
vanic electric current delivered through a filiform needle and is commonly used in the clinic
to treat connective tissue at these interfaces [9]. This intervention generates a controlled
inflammatory response in a specific target tissue without an increase in temperature [10],
allowing phagocytosis of the degenerated tissue and subsequent targeted repair [9]. This
intervention has been shown to be safe and non-thermal without provoking a loss of metal
particles or modifying the morphology of the needles used when studied in vitro [11].

Moderate quality evidence supports a positive effect of percutaneous needle electroly-
sis for reducing pain and related-disability in chronic pain conditions of musculoskeletal
origin [12]. In fact, percutaneous needle electrolysis can be applied to different tissues
such as tendons [13], muscles [14], or nerves [15]. Further, this intervention has been
advocated for managing scars or connective tissue at different interphases, e.g., hamstring
tendon-sciatic nerve [14]. Accordingly, accurate and safe needle procedures targeting
specific tissue-to-tissue interphases are needed.

Needling interventions can be performed based on anatomical landmarks (palpation-
guided procedure) or by using an ultrasound equipment (ultrasound-guided procedure).
In fact, needling interventions traditionally depend on manual palpation and anatomical
landmarks, and their accuracy is related to the therapist skill level. Nevertheless, the use
of imaging procedures has led to the adoption of guidance methods aimed at enhancing
precision and mitigating adverse effects associated with needling interventions. The Amer-
ican Society of Regional Anesthesia and Pain Medicine (ASRA) considers inaccurate needle
positioning as a major cause of the limited clinical effectiveness of invasive procedures and
potential adverse events [16]. Ultrasound offers real-time guidance, thereby facilitating
accurate needle placement, and is able to decrease the likelihood of inadvertently punctur-
ing sensitive tissues [17-19]. However, no study has compared the accuracy and safety of
ultrasound-guided vs. palpation-guided procedures for needle placement at the interface
between the plantar fascia and the flexor digitorum brevis. Therefore, the aims of the
current study were (1) to compare ultrasound-guided against palpation-guided needling
procedure in terms of accuracy, safety, and performance when targeting the interface be-
tween the plantar fascia and the flexor digitorum brevis and (2) to assess the differences
between using and not using the handpiece, the same one used during the application of
percutaneous needle electrolysis, to perform the procedure on a cadaveric model.

2. Methods
2.1. Study Design

A cross-sectional anatomical study on 10 cryopreserved specimens was conducted.
The study obtained the Local Ethics Committee approval from the Universitat Internacional
de Catalunya (CBAS-2021-09). Five physical therapists with more than 10 years of expe-
rience in needling interventions performed a total of 20 needle insertions each (n = 100),
10 palpation-guided (n = 50) and 10 ultrasound-guided (n = 50).

Ten frozen anatomical samples were stored under refrigerated conditions (—20 °C) and
thawed to ambient temperature for at least 24 h before the procedure to maintain normal
tissue characteristics. All participants underwent a 10 min standardized instructional and
practical session before the protocol commenced to understand the study’s purpose and
become familiar with the procedure of the study [20].
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2.2. Procedure

Therapists were instructed to place the body of the needle in the interface between the
plantar fascia and flexor digitorum brevis of the cadaveric model, at the nearest point of
the plantar fascia at the insertion on the calcaneus by applying as many needles passes as
necessary until they considered the needle placement satisfactory [19].

The needling was conducted via both palpation-guided (anatomical landmarks) and
ultrasound-guided procedures. Each therapist completed a total of 20 needle insertions
(10 palpation-guided and 10 ultrasound-guided) with a short wash-out break period after
each procedure and a 5 min break rest after 10 attempts to prevent fatigue [20,21]. The
palpation-guided approach was first conducted before the ultrasound-guided approach for
avoiding pre-visualization with the ultrasound that could assist with a posterior palpation-
guided approach.

2.2.1. The Palpation-Guided Approach

Participants were asked to complete the task with the sole guidance of their palpatory
skills. The anterior and inferior limits of the calcaneus bone were identified. The needle
was introduced with the dominant hand from the medial side into the proximal portion of
the plantar fascia, at the closest point of the plantar fascia to the insertion in the calcaneal
bone (Figure 1A). The target was to place the needle into the interface formed between the
plantar fascia and the flexor digitorum brevis (Figure 2A).

Figure 1. Application of the needling procedure on the interface formed between the plantar fascia
and the flexor digitorum brevis muscle. (A) Palpation-guided needle procedure without a hand-
piece, (B) ultrasound-guided needle procedure without a handpiece, (C) palpation-guided needling
procedure with a handpiece, and (D) ultrasound-guided needling procedure with a handpiece.
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Figure 2. Needling intervention of the interface formed between the plantar fascia and the flexor
digitorum brevis muscle with surrounding structures. (A) Ultrasound image for the needling
procedure, (B) ultrasound identification of the structures for measurements, (C) cross-sectional image
of the interface formed between the plantar fascia and the flexor digitorum brevis muscle in a cadaver
with the needle reaching the targeted zone, and (D) cadaveric identification of the plantar fascia and
the flexor digitorum brevis muscle with the tip of the needle in the targeted point.

2.2.2. The Ultrasound-Guided Approach

A LOGIQ eR8 (General Electric Healthcare) ultrasound scanner with a 4-12 MHz
linear transducer was used. An ultrasonographic image was pre-calibrated and optimized
for basic parameters (frequency, depth, gain, and focus) by an external researcher in
a standardized manner to allow therapists to focus on the approach. Therapists were
instructed to perform the ultrasound-guided technique in an “in-plane” approach, with a
cross-sectional view of the plantar fascia and flexor digitorum brevis (Figure 2A). The probe,
held in the non-dominant hand, was placed in the sagittal plane of the heel to identify
from superficial to deep, the infracalcaneal fat pad, plantar fascia, calcaneus and flexor
digitorum brevis (Figure 1B). Once optimal visualization of these structures was obtained,
the needle was introduced with the dominant hand from the medial side. The objective
was to introduce the needle between the plantar fascia and the flexor digitorum brevis
(Figure 2B).

Both conditions were performed with a filiform solid needle (5 palpation-guided
attempts, as shown in Figure 1A, and 5 ultrasound-guided attempts, as shown in Figure 1B)
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and with a filiform needle inserted into a handpiece (5 palpation-guided attempts, as
shown in Figure 1C, and 5 ultrasound-guided attempts, as shown in Figure 1D). The
choice of using the handheld was randomly selected by using a computerized random
assignment list. All tasks were conducted under the same condition, with a fixed needle
size of 0.30 mm x 40 mm.

2.3. Measurements

Accuracy and safety data were considered. Following each needle placement, a
researcher with more than 10 years of experience in ultrasound assessment collected the
following measurements that were extracted from the ultrasound image: (1) the distance
to the interface between the plantar fascia and flexor digitorum brevis (mm) (accuracy),
(2) the longitudinal contact of the body of the needle with the interface (mm) (accuracy),
(3) the time needed for the procedure (seconds) (accuracy), (4) the number of needle passes
(each time a participant advanced the needle after a change of direction was considered one
pass) (safety), (5) other structures targeted during the needling insertion, e.g., the plantar
fascia or flexor digitorum brevis muscle (safety), and (6) the length of the needle outside
the body (mm) (accuracy).

2.4. Statistical Analysis

Data were analyzed with IBM SPSS statistics 22.0 software. Descriptive data were
expressed as the total number, percentage, mean, and standard deviation (SD). The normal
distribution of the variables was analyzed using the Kolmogorov—-Smirnov test. Compara-
tive analyses of the quantitative measurements of the palpation-guided and ultrasound-
guided procedures and of the procedures with and without the use of the handpiece were
performed using independent student t-tests in the case of a normal distribution. In the
case of a non-normal distribution, the Mann-Whitney U test was used. The chi-square x?)
test was used to assess the differences in nominal variables. The significance level was set at
0.05. Effect sizes were calculated using Cohen’s d coefficient for quantitative variables. An
effect size of >0.8 was considered large, around 0.5 was considered intermediate, and <0.2
was considered small. For qualitative variables, Cramer’s V was used to calculate the effect
size. An effect size of >0.5 was considered strong, 0.5-0.3 was considered intermediate, and
<0.3 was considered small.

3. Results

Clinical characteristics of the five therapists that participated are provided in Table 1.
A comparison between landmark-guided and ultrasound-guided procedures is shown in
Table 2. The distance from the needle tip to the interface between the plantar fascia and
flexor digitorum brevis muscle was significantly lower (p < 0.001) with the ultrasound-
guided approach (mean: 0.2 £ 0.7 mm) than with the landmark-guided approach (mean:
3.5 & 2.2 mm). Further, the longitudinal contact of the needle with the interface was also
significantly higher (p < 0.001) with the ultrasound-guided approach (mean: 5.3 £ 2.2 mm)
than with the landmark-guided approach (mean: 0.6 + 1.8 mm). However, the landmark-
guided approach needed a significantly shorter time (mean: 19.1 + 6.5 vs 53.8 £ 189 s,
p <0.001), fewer passes (mean: 1.7 £ 0.9 vs 2.8 & 1.5 in total, p < 0.001), and a lower needle
length out of the skin (mean: 13.1 £ 3.1) compared to the ultrasound-guided approach
(mean: 16.3 &+ 2.7, all, p < 0.001, Table 2). No significant differences (p = 0.249) in those
unwanted structures penetrated by a needle during the procedure were identified (Table 2).
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Table 1. Clinical characteristics (mean + standard deviation) of the therapists and overall data on

interventions.
Mean (SD)
Experience with invasive techniques (years) 125+43
Experience with ultrasound (years) 85+23
Total needle procedures (n) 100
Palpation-guided /Ultrasound-guided (n) 50/50
With /without handpiece (n) 50/50
Distance to the target (mm) 1.83 (2.3)
Target contact (yes/no) 86/14
Time required (seconds) 36.5 (22.4)
Passes (total number) 2.3(1.3)
Needle length outside (mm) 14.7 (3.3)

Abbreviations: n: number; mm: millimeters.

Table 2. Comparison of the measurements (mean =+ standard deviation) between palpation-guided
(n =50) and ultrasound-guided (n = 50) procedures.

Landmark- Ultrasound- Mean Difference ES
Guided Guided (95% CI) P

Distance to interface between the plantar 35422 02407 33 (2.7;3.9) <0.001 2.02
fascia and flexor digitorum brevis (mm) *
Longitudinal contact of the needle with 0.6+ 1.8 53422 —46(-55,-38)  <0.001 234
interface (mm) *
Time required (seconds) * 191+ 6.5 53.8 + 18.9 34.8 (—40.5; —29.2)  <0.001 2.46
Passes (total number) * 1.7+ 09 28+15 —1.1(—-1.6; —0.6)  <0.001 0.89
Unwanted structures during needling
None (reaching the interface) 41 (82%) 45 (90%)
Plantar fascia 9 (18%) 5 (10%) - 0.249 0.12
Flexor digitorum brevis 0 (0%) 0 (0%)
Needle length outside (mm) * 13.1+3.1 16.3 +2.7 —3.2(—4.3; —2.0) <0.001 1.01

Abbreviations: mm: millimetres; ES: effect size; CI: confidence interval. *: This variable was statistically significant.

Table 3 illustrates the measurements with and without the use of the handpiece with
the landmark-guided approach. The use of the handpiece resulted in more time (mean:
21.0 £ 3.7 s) but a greater length of the needle outside the skin (mean: 14.1 & 2.75 mm)
as compared to not using it (mean: 17.1 + 8.0 s, p = 0.029; mean: 16.0 + 3.2 mm, p = 0.01,
respectively, Table 3).

Table 4 shows the differences between using or not using the handpiece during the
ultrasound-guided approach. It was observed that the use of the handpiece required more
time (mean: 59.6 £ 18.4 s) than not using it (mean: 48.1 £ 17.8, p = 0.029, Table 4).
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Table 3. Comparison of the measurements (mean =+ standard deviation) between landmark-guided
procedures with (n = 25) and without (n = 25) the handpiece.

With the Without the Mean Difference ES
Handpiece Handpiece (95% CI) P

Distance to interface between the plantar 41417 29424 11(-0.1;23)  0.061 0.58
fascia and flexor digitorum brevis (mm)
Longltudlnal contact of the needle with the 03412 10422 0.6 (—1.7;04) 0.336 0.7
interface (mm)
Time required (seconds) * 21.0£3.7 171 £8.0 4.0(04;7.5) 0.005 0.63
Passes (total number) 1.7+ 0.8 1.6 +0.9 0.1 (—0.4;0.6) 0.450 0.12
Unwanted structures during needling
None (reaching the interface) 22 (88%) 19 (76%)
Plantar fascia 3 (12%) 6 (24%) - 0.269 0.16
Flexor digitorum brevis 0 (0%) 0 (0%)
Needle length outside (mm) * 14.6 £ 2.6 11.7 £ 29 2.9 (14;4.5) 0.001 0.48

Abbreviations: mm: millimetres; ES: effect size; CI: confidence interval. *: This variable was statistically significant.

Table 4. Comparison of the measurements (mean =+ standard deviation) between ultrasound-guided
procedures with (n = 25) and without (n = 25) the handpiece.

With the Without the Mean Difference

Handpiece Handpiece (95% CI) P ES
Distance to interface between the plantar 04+1.0 0.0 + 0.0 04(—06;08 0077 0.57
fascia and flexor digitorum brevis (mm)
Longltudmal contact of the needle with the 50426 55419 _05(-18;08) 0.900 0.22
interface (mm)
Time required (seconds) * 59.6 + 18.5 48.1+17.8 11.6 (1.2, 21.9) 0.029 0.63
Passes (total number) 28+1.6 28+15 0.1 (—0.8;0.9) 0.826 0.00
Unwanted structures during needling
None (reaching the interface) 22 (88%) 23 (92%)
Plantar fascia 3 (12%) 2 (8%) - 0.637 0.07
Flexor digitorum brevis 0 (0%) 0 (0%)
Needle length outside (mm) 16.0 £2.3 16.6 £ 3.0 —-0.5(-2.1;1.0) 0.251 0.22

Abbreviations: mm: millimetres; ES: effect size; CI: confidence interval. *: This variable was statistically significant.

4. Discussion

This study compared ultrasound-guided versus landmark-guided needling procedure
for reaching the interface between the plantar fascia and the flexor digitorum brevis muscle
in terms of accuracy and safety and assessed the differences between using and not using a
handpiece to perform the approaches on a cadaveric model. The results showed that the
ultrasound-guided procedure significantly increased the targeted contact of the needle on
the interface compared to the landmark-guided procedure, but a similar rate of success
(90% vs. 82%) and safety was achieved.

Previous studies using ultrasound-guidance approaches had attained accuracies rang-
ing from 1.5 to 3.27 mm with different phantoms [17,22,23]. Thus, previous studies per-
formed with a similar methodology but in other body areas such the knee [13] or the
elbow [24] also yielded a higher accuracy with ultrasound-guided approaches. In fact,
Arias-Buria et al. [13] also evaluated the accuracy of inserting a needle into the inter-
face between the patellar tendon and Hoffa’s fat pad and obtained similar results as in
the current study. Arias-Buria et al. [13] also found greater contact of the needle (mean:
15.5 £ 6.65 mm) on the targeted interphase than with the landmark-guided approach
(mean: 0.25 £ 0.6 mm). Nevertheless, to achieve this accuracy, the ultrasound-guided
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approach required significantly more time (mean: 53.8 £ 18.9 s) than the landmark-guided
approach (mean: 19.1 & 6.5 s). Again, these results are also similar to those in previous
studies conducted on the knee [13] and elbow [24] regions. Differences in outcomes might
occur since ultrasound guidance offers visual cues regarding needle placement, allowing
therapists to refine and enhance their technique until reaching the exact target point, thus
potentially prolonging the necessary time of the approach. Moreover, it has been demon-
strated that using a handpiece also requires additional time and more passes to properly
reach the targeted point [13,24].

The rapid advancement of imaging techniques for guiding needle placement, such as
ultrasonography, has significantly improved the safety of procedures. Consequently, this
enhancement could contribute to heightened patient satisfaction, a decreased prevalence
of unintended punctures, and subsequently a broader acceptance and utilization of the
technique. In the current study, no differences in terms of safety were found between
performing the intervention with or without ultrasound guiding. It is possible that these
results were obtained because the adjacent tissues surrounding the plantar fascia are
different from the targeted point; hence, through the needle, therapists can better perceive
what tissue is being pierced. In addition, no sensitive structures, such as nerves or arteries,
are closely located to the plantar fascia, which is also an advantage. The precision of
interventions for achieving optimal accuracy and precision in plantar fascia procedures is
clinically relevant; however, it entails increased economic and training costs due to the use
of ultrasound-guided approaches. Nevertheless, it is worth noting the palpation-guided
approach also demonstrated clinically acceptable outcomes, suggesting its relevance in
the clinical setting where resource constraints or advanced training in ultrasound may
limit accessibility.

The current study has some limitations that should be considered. First, we consis-
tently opted to initiate with landmark-guided techniques to mitigate the potential presence
of learning bias, as conducting ultrasound-guided techniques first could have influenced
the learning curve. The importance of visual feedback from ultrasound in the learning
process has been well-established [25]. This fixed order (landmark-guided followed by
ultrasound-guided) may induce bias due to fatigue in the later tasks. Second, our study was
conducted on human anatomical samples. Due to their composition or structure, human
cadavers are generally limited in terms of clinical reality. Furthermore, as the study was
conducted on cadavers, the assessment of vascular structures was not feasible due to the
absence of a pulse. Third, it is possible that performing the palpation-guided procedure
before the ultrasound-guided procedure would have increased the skills of the therapists.
Future studies considering these limitations should confirm or refute these results.

5. Conclusions

Ultrasound-guided techniques showed improved placement of the needle but not
greater safety than landmark-guided techniques for targeting the interphase between
the plantar fascia and the flexor digitorum brevis muscle. Thus, the ultrasound-guided
procedure required more time than the landmark-guided procedure. In addition, the
use of a handpiece accessory device to perform both ultrasound-guided and palpation-
guided procedures required more time and a greater number of attempts, as compared to
performing the needle approach without it. Future studies are needed to confirm these
results in an in vivo sample and analyze their clinical implications.
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