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and safe procedure: a cadaveric study
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Abstract

Background: Evidence suggests that tibialis posterior muscle plays an important role in equinovarus foot deform-
ity in patients who had suffered a stroke and it is one of the most frequently injected lower-extremity muscles for
the management of spasticity. Our aim was to assess if a needle accurately and safely penetrates the tibialis posterior
muscle during the application of dry needling.

Methods : We conducted a cadaveric descriptive study. Needling insertion of the tibialis posterior was conducted in
11 cryopreserved cadavers with a 70 mm needle. The needle was inserted using two common approaches, at mid-
point (posterior/medial approach) and at upper third (anterior approach) of the leg towards the tibialis posterior. The
needle was advanced into the tibialis posterior based upon clinician judgement. Cross-sectional anatomical dissec-
tions were photographed and analyzed by photometry. Safety was assessed by calculating the distances from the tip
and the path of the needle to proximate neurovascular structures.

Results: Accurate needle penetration of the tibialis posterior muscle was observed in all cadavers with both
approaches. In general, distances from the needle to the neurovascular bundles were larger with the posterior/medial
approach than with the anterior approach, reaching statistically significance for needle tip to nerve (mean differ-
ence: 0.6 cm, 95%Cl 0.35 to 0.85 cm) and vascular bundle (mean difference: 0.55 cm, 95%Cl 0.3 to 0.8 cm) distances
(P<0.001) and needle path to vascular bundle distance (difference: 0.25 cm, 95%Cl 0.1 to 0.4 cm, P=0.045). Age and
gender did not influence the main results.

Conclusions: This cadaveric study suggests that needling of the tibialis posterior muscle can be accurately and
safely conducted. Safety seems to be larger with the posterior/medial approach when compared with the anterior
approach.
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Background
Dry needling is an invasive procedure with an increasing
number of practitioners in clinical practice; however, the
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can also occur [2]. In fact, McManus & Cleary described
a lasting and debilitating neuropraxia of the radial nerve
after the application of dry needling [3].

Superficial anatomical landmarks and knowledge of
deeper anatomic structures are used to apply dry nee-
dling; however, its application on deep muscles is con-
troversial due to the possibility of needling surrounding
tissues such as nerve trunks or vessels. The tibialis pos-
terior muscle is an important stabilizer of the internal
arch of the foot and its dysfunction has been associated
with musculoskeletal injuries of the foot [4]. The tibialis
posterior has received attention because its relevance in
equinovarus foot deformity in patients who had suffered
a stroke. In fact, in patients with neurologic abnormali-
ties, the tibialis posterior is one of the most frequently
injected lower-extremity muscles for the management of
spasticity [5].

Two approaches are commonly described in the lit-
erature for evaluating activity of the tibialis posterior
muscle with an electromyographic needle: an anterior
approach (crossing the interosseus membrane) and pos-
terior/medial approach (crossing the flexor digitorum
longus muscle) [6]. Each of these approaches has the
potential risk of needling the anterior neurovascular (i.e.,
anterior tibial artery and veins and deep fibularis nerve)
or posterior neurovascular (i.e., posterior tibial artery
and veins) bundle, respectively. Different ultrasound
studies determined the safety window and the depth
of the tibialis posterior muscle with one [7, 8] or both
[9, 10] approaches. All the studies concluded that the
most favorable point for needle insertion into the tibi-
alis posterior was the upper third of the leg for the ante-
rior approach and a midpoint for the posterior/medial
approach [7-10]. Table 1 shows safety window and depth
of the tibialis posterior muscle reported by previous
ultrasound studies.

These previous studies used electromyographic needles
and an ultrasound guidance during the insertion [7-10].
It is important to note that ultrasound imaging is not
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available for daily clinical practice. Rather, most clinicians
simply use a combination of superficial anatomical land-
marks and knowledge of deeper anatomic structures to
target the posterior tibialis and avoid the proximate neu-
rovascular bundle. Three cadaver studies comparing the
accuracy of needling the tibialis posterior muscle with/
without ultrasound guiding reported that non-guided
ultrasound needling accuracy is highly variable ranging
from 39 to 50% [11-13]. These studies used electromyo-
graphic bevel needles and only used the posterior/medial
approach for reaching the tibialis posterior muscle. No
anatomical study has investigated if a solid needle, as
clinically used by physical therapists during dry needling
interventions, can accurately and safely reach the tibialis
posterior muscle.

Methods

Objective

Our aims were to determine if a solid needle is able to
accurately penetrate the tibialis posterior muscle using
cadaver models; and to determine the safety of the nee-
dling procedure by calculating the distance between the
needle and neurovascular bundles.

Cadaveric sample

Eleven cryopreserved legs (45% females; mean age:
70, SD: 16 years) donated to an institutional univer-
sity anatomy laboratory in Barcelona (Spain) were used.
This study was approved by the Local Ethics Commit-
tee of Universitat Internacional de Catalunya (Cadaveric
Barcelona Anatomy Lab CBA-2020-2). All experiments
were conducted in accordance to guidelines of national/
international/institutional or Declaration of Helsinki.
To determine suitability for inclusion in the study, sam-
ples were visually checked for evidence of prior surgery,
trauma, or any anatomical abnormalities by an experi-
enced anatomist. Further, all cadavers were also required
to be free of any disease or surgical procedure that would
influence the integrity of the connective tissue in the

Table 1 Safety window and depth to tibialis posterior in ultrasound-guided studies

Study Anterior Approach (upper third point of the leg) Posterior/Medial Approach (mid-point of the leg)
Safety window Depth to tibialis posterior Safety window Depth to tibialis posterior
Won et al. [7] 1474038 cm (0.62 cm to 231£034cm (1.57cm to
2.16.cm) 3.16.cm)
Rha et al. [8] 1.09+0.27 cm (0.64 cm to 3344047 cm (247 cmto
2.13cm) 466 cm)
Rha et al. [9] 0.63£0.12 cm (0.44 cm to 209+0.17cm (1.25cm to 0.744+023cm (0.21 cm to 2.08+0.38 cm (0.99 cm to
093 cm) 2.69 cm) 1.18 cm) 3.06 cm)
Wonetal.[10]  1.2940.27cm (0.7 cmto 2.12cm) 2.61£0.44 cm (0.79 cm to 1454+039cm (0.31 cm to 243£040cm (1.58cm to
3.56 cm) 2.78 cm) 3.52¢cm)
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lower extremity. The frozen samples were stored at -20°C
and were thawed at room temperature 24 h prior to the
experiment. All cadaveric conservation procedures were
supervised by the responsible of the anatomy laboratory.

Needling procedure
Dry needling insertions were applied by a physical
therapist with more than 10 years of experience with
this intervention. Needling insertion targeting the tibi-
alis posterior muscle was performed in the middle third
of the leg for the posterior/medial approach and in the
upper third of the leg for the anterior approach (Fig. 1)
according to previous studies [7—10]. The length of the
leg (from the tibial tubercle to the bimalleolar line) was
first measured with a ruler.

Sterile stainless-steel needles with a plastic cylindri-
cal guide, 70 mm in length and 0.32 mm caliber were
used for needling insertions. The length of the needle

Anterior approach

Posterior approach

Fig. 1 Point of needling insertion for the anterior and posterior/
medial approach of the tibialis posterior muscle
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was arbitrary selected whereas the caliber is the regular
one used for dry needling in clinical practice. For the
anterior approach, the needle was inserted in the upper
third of the leg close to the anterior-lateral aspect of
the tibia and directed deeply in a posterior direction
towards the tibialis posterior muscle crossing the inter-
osseus membrane (Fig. 2A). For the posterior/ medial
approach, the needle was inserted at the middle third
of the leg close to the posterior aspect of the tibia and
directed from a medial to lateral direction towards the
tibialis posterior muscle crossing the flexor digitorum
longus muscle (Fig. 2B). The needle was advanced to a
depth judged clinically to be most likely in the tibialis
posterior muscle for both approaches. Once the needle
was inserted, latex was injected to mark where the tip
of the needle was located to determine the accuracy of
the insertion into the targeted muscle. In addition, the
needle was left in situ to assess the path it followed to
determine surrounding structures which were also pen-
etrated by the needle before reaching the targeted mus-
cle. For that purpose, an anatomical window of 4 cm x
4 cm was dissected in the targeted region once the nee-
dle and the injected latex were placed.

Fig. 2 Application of the anterior A and posterior/medial B needling
procedure of the tibialis posterior muscle
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Anatomical procedure

The anatomical procedure used in the current cadav-
eric study were similar to that one previously used [14].
Cross-sectional anatomical dissections were photo-
graphed and after analyzed by photometry. The following
measures in relation to the anterior (Fig. 3) or the poste-
rior (Fig. 4) neurovascular bundle were calculated:

1) Needle tip to nerve distance (A): The distance
(mm) between the tip of the needle and the tibial
(posterior approach) or deep fibularis (anterior
approach) nerve.

2) Needle tip to vascular bundle distance (B): The
distance (mm) between the tip of the needle and the
closest branch of the posterior or anterior tibial vas-
cular bundle.
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3) Needle path to nerve distance (C): The closest dis-
tance (mm) between the path of the needle and the
tibial (posterior approach) or deep fibularis (anterior
approach) nerve.

4) Needle path to vascular bundle distance (D): The
closest distance (mm) between the path of the needle
and the posterior or anterior tibial vascular bundle.

Additionally, the needle penetration (E, the length of
the needle inserted to reach the tibialis posterior) was
calculated.

Statistical analysis
The statistical analysis was conducted with the SPSS
statistical package (25.0 Version). Means, standard

Needle

digitorum longus; 9: soleus; 10: gastrocnemius

Fig. 3 Scheme of the needling anterior approach on the cadaver (left) and anatomical draw (center and right). T Tibia, F: Fibula; 1: Tibialis anterior; 2:
extensor digitorum longus; 3: extensor hallucis longus; 4: peroneus longus; 5: peroneus brevis; 6: tibialis posterior; 7: flexor hallucis longus; 8: flexor

anterior; 2: extensor digitorum longus; 3: extensor hallucis longus; 4: peroneus longus; 5: peroneus brevis; 6: tibialis posterior; 7: flexor hallucis
longus; 8: flexor digitorum longus; 9: soleus; 10: gastrocnemius
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deviations, and 95% confidence intervals of the meas-
urements were calculated. The comparison between the
anterior and posterior/medial approaches were con-
ducted with an analysis of covariance (ANCOVA) with
age and gender as main covariates. The statistical signifi-
cance was set at a value of P<0.05.

Results
From ten cadavers (twenty legs) donated to the anatomical
laboratory from January to June 2021, needling of tibialis
posterior muscle was conducted on eleven cryopreserved
legs (5 females, 6 males; age: 70, SD: 16 years, 7 left and 4
right legs). The dissection revealed that the tip of the needle
pierced the belly of the tibialis posterior muscle in all legs
(accuracy of 100%) with both anterior (Fig. 5 left) and pos-
terior/medial (Fig. 5 right) approaches. No neurovascular
bundles were pierced in any of the eleven cadavers.

The distances from the needle to the neurovascu-
lar bundle are shown within Table 2. Distances to the
neurovascular bundle were larger with the posterior/
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medial approach than with the anterior approach,
reaching statistically significance for needle tip to
nerve (mean difference:0.6 cm, 95%CI 0.35 to 0.85 cm,
F=22.394, P<0.001) and vascular bundle (mean dif-
ference: 0.55 cm, 95%CI 0.3 to 0.8 cm, F=16.580,
P<0.001) distances and needle path to vascular bun-
dle distance (difference: 0.25 c¢m, 95%CI 0.1 to 0.4 cm,
F=5.204, P=0.045). No significant differences in the
depth of the tibialis posterior muscle were observed
(P=0.195). The inclusion of gender as covariate did not
influence neither the distance for needle tip with nerve
(F=1.398, P=0.252) and vascular bundle (F=0.917,
P=0.351) nor the needle path to vascular bundle dis-
tance (F=0.078, P=0.783). Similarly, age did not influ-
ence the main results of the study (all, P>0.124).

Discussion

The results of this cadaveric study found that the tip of
the needle did pierce the tibialis posterior muscle dur-
ing needle insertion with both a posterior/medial and

Lol

Lateral

Anterior —==FA g Posterior
Medial
Fig. 5 Anatomical study showing that the tip of the needle (blue latex points) targets the tibialis posterior with both anterior (left) and posterior/

medial (right) approaches. T: Tibia; F: Fibula; 1: Tibialis anterior; 2: extensor digitorum longus; 3: extensor hallucis longus; 4: peroneus longus; 5:
peroneus brevis; 6: tibialis posterior; 7: flexor hallucis longus; 8: flexor digitorum longus; 9: soleus; 10: gastrocnemius

Table 2 Distances (mm) from the needle to the anterior or posterior neurovascular bundle assessed during dry needling approaches
of the tibialis posterior muscle

Anterior Approach (Upper Third of the Leg)
Depth to TP muscle (mm) Needle Tip-DFN (cm)
31.946.2 (27.7 to 36.1 cm) 0.7£0.3(0.5t0 0.9 cm)
Posterior/Medial Approach (Mid-Point of the Leg)
Needle Tip-TPN (cm)
1.354+0.7 (1.15to 1.55 cm)

Needle Path-DFN (cm)
0.7540.3 (0.55 to 0.95 cm)

Needle Path-VB (cm)
0.654+0.3 (0.5 t0 0.8 cm)

Needle Tip-VB (cm)
09+0.35(0.6to0 1.2cm)

Needle Path-TPN (cm)
1.0+£03(08to 1.2cm)

Needle Path-VB (cm)
0.95+03(0.75t0 1.15cm)

Depth to TP muscle (mm)
35.14£4.5(320t038.2cm)

Needle tip-VB (cm)
145+£0.25(1.3to 1.6 cm)

TPTibialis posterior, DFN Deep fibularis nerve, VB Vascular bundle, TPN Tibialis posterior nerve
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anterior approach supporting the notion that this muscle
can be accurately targeted with a needle during clinical
application of dry needling. Our results agree with previ-
ous studies using an ultrasound-guide during the proce-
dure and inserting electromyographic needle [7-10]. The
main difference is that the use of ultrasound is not feasi-
ble for most clinicians in daily practice.

Current results are relevant since the tibialis poste-
rior is not accessible to direct palpation due to its ana-
tomical location; therefore, dry needling may represent
the only therapeutic approach for this deep muscle.
Although this study did not evaluate clinical effective-
ness of the needling interventions, a recent meta-analysis
found moderate-quality evidence supporting a positive
effect of the application of dry needling on spasticity in
the lower extremity in people who had suffered a stroke
[15]. The tibialis posterior muscle is one muscle of the
lower extremity that could receive dry needling. In fact,
this muscle is the most commonly needled with botuli-
num toxin for the management of spasticity [5]. Future
randomized controlled trials including dry needling of
the tibialis posterior muscle are needed to determine the
clinical effectiveness of these approaches.

Our results also support the safety of these needling
procedures. We assessed the distances from the tip and
the path of the needle to surrounding tissues potentially
sensible to damage, such as nerves or vessels. Although
no neurovascular bundles were pierced in any of our
eleven cadavers, the posterior/medial approach resulted
in a larger distance between the needle and neurovas-
cular structures and, therefore, appears to be safer than
the anterior approach. The results of our study agree
with previous ultrasound imaging studies [7-10] that
support the safety of performing dry needling tibialis
posterior muscle. However, it should be considered that
we assessed the distance from the needle to the neuro-
vascular bundle, whereas the “safety window” in previ-
ous ultrasound studies was defined as the anatomical
distance between the tibia and the neurovascular bun-
dle. Therefore, it is expected that our distances would
be smaller than the safety window. No previous study
investigated the real distance between the needle and the
neurovascular bundle. Based on current data, our study
describes that clinical approaches of application of dry
needling in the tibialis posterior [16], when applied by an
experienced physical therapist, are accurate and safe. Cli-
nicians should carefully control the angulation and orien-
tation of the needle when targeting the tibialis posterior
muscle since dry needling applications in our study were
conducted close to the tibia bone [16]. Nevertheless, it
is important to consider that this study did not specifi-
cally assess the safety of trigger point dry needling into
the tibialis posterior muscle. In fact, we cannot say that
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dry needling anywhere in the tibialis posterior muscle is
a safe procedure as we only investigated two distinct spe-
cific locations. Since trigger points can be located in any
area of the muscle, it is conceivable that in other loca-
tions on the tibialis posterior muscle, the neurovascular
bundles may be located in different locations relevant
to superficial anatomy. However, it has been recently
observed that the location of the needle (inside/outside
of the trigger point) did not have a significant effect on
spasticity and function of the upper extremity when dry
needling shoulder muscles in individuals who had suf-
fered a stroke [17]. We do not currently know if the same
results would be found when needling the musculature of
the lower extremity. Similarly, we should consider that if
dry needling is applied on individuals who had suffered
a stroke, the presence of spasticity-hypertonia could
modify muscle tissue structure and, accordingly, some of
the anatomical references considered in this study could
change since cadavers have not exhibit spasticity.

Although this study supports accurate and safe place-
ment of a solid needle on the tibialis posterior muscle,
we should recognize some limitations. First, dissections
were conducted in eleven single legs. Due to the small
sample size, gender differences in needle placement were
not evaluated. Second, although we used predetermined
points of insertion based on previous studies [7-10],
manual identification of landmarks is a requisite for a
successful insertion into the targeted muscle. Third, all
the needling insertions were conducted once by an expe-
rienced clinician and we do not know the accuracy or
safety of this needling approach in the hands of unexperi-
enced clinicians.

Conclusions

In conclusion, this cadaveric study suggests that needling
of the tibialis posterior muscle can be accurately and
safely conducted according to the guideline proposed.
Safety seems to be larger with the posterior/medial
approach when compared with the anterior approach.
Clinicians should consider these results during their clin-
ical practice.
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