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Abstract
Background  The surgical procedure itself of lengthening the gastrocnemius muscle aponeurosis is performed to treat mul-
tiple musculoskeletal, neurological and metabolical pathologies related to a gastro-soleus unit contracture such as plantar 
fasciitis, Achilles tendinopathy, metatarsalgia, cerebral palsy, or diabetic foot ulcerations. Therefore, the aim of our research 
was to prove the effectiveness and safety of a new ultrasound-guided surgery-technique for the lengthening of the anterior 
gastrocnemius muscle aponeurosis, the “GIAR”- technique: the gastrocnemius-intramuscular aponeurosis release.
Methods and results  An ultrasound-guided surgical GIAR on ten fresh-frozen specimens (10 donors, 8 male, 2 females, 5 
left and 5 right) was performed. Exclusion criteria of the donated bodies to science were BMI above 35 (impaired ultrasound 
echogenicity), signs of traumas in the ankle and crural region, a history of ankle or foot ischemic vascular disorder, surgery 
or space-occupying mass lesions. The surgical procedures were performed by two podiatric surgeons with more than 6 years 
of experience in ultrasound-guided procedures. The anterior gastrocnemius muscle aponeurosis was entirely transected in 
10 over 10 specimens, with a mean portal length of 2 mm (± 1 mm). The mean gain at the ankle joint ROM after the GIAR 
was 7.9° (± 1.1°). No damages of important anatomical structures could be found.
Conclusion  Results of this study indicate that our novel ultrasound-guided surgery for the lengthening of the anterior gas-
trocnemius muscle aponeurosis (GIAR) might be an effective and safe procedure.
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Introduction

The term "gastrocnemius-soleus complex", the “triceps 
surae” as officially named in the International Anatomical 
Terminology, has been used in daily routine clinical practice 
for many decades, consisting from the gastrocnemius, the 
soleus and the plantaris muscle of the crus; the literature 
shows that this complex is present regularly in the general 
population, while the small plantaris muscle itself is variable 
and, according to literature, can be absent in up to 50% of the 
patients [10, 11]. The prevalence of a superficial posterior 
compartment (SPC)-contracture in patients with sympto-
matic musculoskeletal pathologies of the mid- and the fore-
foot has been evaluated with around 88–96.5% versus 44% 
in control groups [9, 12]. Hill et al. described that in 10% 
of all patients suffering from diabetes an equinus deformity 
is present [12]: the equinus deformity has correlations with 
changes in plantar pressures exerted during weightbearing 
activities leading to a great risk factor for the development 
of forefoot plantar foot ulcers [9].

The gastrocnemius muscle lengthening was firstly 
described in 1913 by Vulpius and Stoeffel [2], followed 
by other authors such as Silverskiold, Baumann, Strayer, 
Baker, Hoke, White or Paley, who described the surgical 
approaches at different anatomical gastrocnemius muscle 
levels [3, 6, 18, 27, 33].

The surgical procedure itself of lengthening the gastroc-
nemius muscle aponeurosis is performed to treat multiple 
musculoskeletal, neurological and metabolical patholo-
gies related to a SPC contracture such as plantar fasciitis, 
Achilles tendinopathy, metatarsalgia, cerebral palsy, or 
diabetic foot ulcerations [7, 15].

Recently, different techniques of minimally invasive 
gastrocnemius muscle recessions have been described 
[4, 19, 30], only one performed via ultrasound-guidance, 
which consists in transecting the gastrocnemius tendon 
through the so called “Strayer technique” at the anatomical 
gastrocnemius muscle lengthening level III [31].

In contrast to the “Strayer approach”, the “Baumann 
technique” targets the anterior gastrocnemius muscle 
aponeurosis, consisting of an intramuscular aponeurosis 
transection, also re-named by Blitz et al. by the acronym 
“GIAR”: Gastrocnemius -intramuscular-aponeurosis-
recession [7, 8]. The Baumann procedure is performed at 
the gastrocnemius muscle level IV and leads to lower rates 
of complications and less weakness [12]. Furthermore, it 
could be shown that the “Strayer technique” has less sta-
bility in lengthening with respect to the Baumann and the 
Barouk procedures, but has similar outcomes in terms of 
ankle range of motion (ROM) correction [15, 25].

To the best of our knowledge, until now, a new ultra-
minimally invasive, ultrasound-guided surgical approach 

for the lengthening of the anterior gastrocnemius muscle 
aponeurosis has not yet been described. Therefore, the pri-
mary aim of our research was to prove the effectiveness 
and safety of a new ultrasound-guided surgery-technique 
for the lengthening of the anterior gastrocnemius muscle 
aponeurosis, the “GIAR”- technique: the gastrocnemius-
intramuscular aponeurosis release. Our secondary aim was 
to ascertain the gain in ROM at the ankle joint after the 
procedure.

Material and methods (Figs. 1, 2, 3, 4, 5)

For this study, an ultrasound-guided surgical approach on 
ten fresh-frozen specimens (10 donors, 8 male, 2 females, 
5 left and five right) was performed. The individuals had 
given their written informed consent prior to death for their 
use for scientific and educational purposes and donated their 
bodies to the University Complutense of Madrid (Center 
of Body Donation). According to National Law, scientific 
institutions (in general Institutes, Departments or Divisions 
of Medical Universities) are entitled to receive the body 

Fig. 1   Instruments for the minimally invasive ultrasound-guided pro-
cedure. High-resolution ultrasound; 18-gauge needle; 50 cc syringe; 
V-shape straight curette; hook knife (Acufex®), analogic goniometer, 
surgical pen
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after death mainly by means of a specific legacy, which is 
a special form of last will and testament. No bequests are 
accepted without the donor having registered their legacy 
and been given appropriate information upon which to make 
a decision based upon written informed consent (policy of 
ethics) [16, 20]; therefore, an ethics committee approval was 
waived [16, 20].

Our inclusion criteria were: all donated bodies to the sci-
ence of both sexes. 10 feet, 8 male, 2 females, 5 left and 
5 right have been included with a selective gastrocnemius 
muscle tightness. The exclusion criteria of the donated bod-
ies to science were: BMI above 35 (impaired ultrasound 
echogenicity), signs of traumas in the ankle and crural 
region, a history of ankle or foot ischemic vascular disorder, 
surgery or space-occupying mass lesions and signs osteoar-
thritis or bony prominences at the anterior-dorsal ankle joint.

The equipment used performing the minimally invasive 
ultrasound-guided gastrocnemius-intramuscular aponeurotic 
recession were as follows (Fig. 1): high-frequency ultra-
sound with 17Mhz linear probe (Sonoscape, Italy, p-50), 
18-gauge needle and a syringe of 50 cc, V-shape gouges of 1 
and 2 mm and 5 cm length, a 3 mm hooked knife (Acufex®), 
a caliper, an analogic goniometer, a pen and a buttoned 
probe.

The surgical procedures were performed by two podiatric 
surgeons with more than 6 years of experience in ultrasound-
guided procedures under the guidance of a clinical anato-
mist, trained in clinical anatomy and also surgery for more 
than 10 years.

Descriptive statistic has been used to evaluate all quan-
titative variables.

Methods (Figs. 1, 2, 3, 4, 5)

The specimens were positioned in a supine decubitus posi-
tion and every specimen´s ROM at the ankle joint has been 
evaluated with the knee extended using an analogic goni-
ometer. The proximal arm of the goniometer followed the 
distal third of the fibular shaft, while the distal arm followed 
the long axis of the fifth metatarsal shaft. The measures 
obtained applying a slight dorsiflexion force (about 2–5 kg) 
while inverting the forefoot to look the midtarsal joint were 
attempted three times and the mean value has been recorded 
[17].

The sonoanatomy of this region had been evaluated in 
detail before surgery in all ten specimens, the anterior gas-
trocnemius muscle aponeurosis thickness was measured 
three times using US device calipers and the mean results 
were recorded. The gap obtained after the anterior gastroc-
nemius muscle aponeurosis release and its width were meas-
ured using a flexible centimeter directly after post-surgical 
dissection. Measurements for all quantitative variables were 
obtained by the same researcher.

Technical procedure

Using a surgical pen, under ultrasound guidance, the 
course of the great saphenous vein, its posterior commu-
nicating vein and nerve, the gastro-soleus medial interval, 
the medial and lateral gastrocnemius muscle heads, its 
myotendinous junction, the course of the plantaris tendon 
(if present) and the saphenous nerve, to get a topographi-
cal representation of the main anatomical structures, were 

Fig. 2   a, b US-guided pre-surgical mapping for ultrasound-guided 
GIAR. a (yellow line)… mapping of the course of saphenous nerve 
along the crural region; (Blue line)…mapping of the course of great 
saphenous vein along the crural region; (white asterisk)…the nee-
dle is inserted through the surgical portal immediately dorsal to the 
course of the great saphenous vein, superficial at the interval between 
the anterior gastrocnemius aponeurosis and the soleus muscle. b 
(white dotted lines)…gastrocnemius muscle bellies representation 

at the dorsal aspect of the crural region. (white asterisk)…the hook 
knifes, ventral one introduced through the surgical portal at the inter-
val between the soleus and gastrocnemius muscle aponeurosis (up to 
the most lateral aspect), the other one positioned at the dorsal aspect 
of the skin of the crural region as a demonstration for the correct 
positioning of the first one. (Red dot)… represents the distal transec-
tion point. (green dotted line)…represents the transection at the ante-
rior gastrocnemius muscle aponeurosis (color figure online)



56	 Surgical and Radiologic Anatomy (2021) 43:53–61

1 3

drawn on the skin. The surgical portal point was drawn 
just above the myotendinous junction, as described by 
Bauman, and more in detail proximal to the distal “tran-
section zone point” described by Blitz et al. [8], to opti-
mize the biomechanical advantages, at the gastro-soleus 
medial interval. Depending on the lateral head of the 
gastrocnemius, if its myotendinous junction originates 
proximally to the medial one, it seems logical to draw 
the surgical line slightly oblique, distal-medial, as it has 
been described previously [8]. (Fig. 2).

Hydrodissection step

The next step consisted in introducing a 18-gauge atraumatic 
needle at the "surgical portal” previously drawn right at the 
interval between the anterior gastrocnemius muscle aponeu-
rosis and the posterior soleus muscle aponeurosis; as this 
interval has been described as a "virtually closed space" we 
performed—using the 18-g needle—the US-guided hydro-
dissection making sure that the tip of the needle stayed 
ventrally to the anterior gastrocnemius muscle aponeurosis. 

Fig. 3   a–d US-guided surgical routine for GIAR. 3a (needle)…18 g 
needle seen through an in-plane approach in the long axis hydrodis-
secting proximal to the conjoint tendon, the virtual anatomical space 
in between the anterior gastrocnemius muscle aponeurosis, ventrally 
to both gastrocnemius heads from medial to lateral and the soleus 
aponeurosis and its underlying muscle belly (SM) dorsally, both 
seen in the short axis. b from the medial portal, it could be seen the 
V shape straight courette (V-shape) dorsal to the 18  g needle (nee-
dle) both seen through an in-plane approach in the long axis at the 
hydrodissected interval in between the anterior gastrocnemius mus-
cle aponeurosis and the medial head of its muscle belly (GM) and 
soleus aponeurosis and its underlying muscle belly (SM) both seen in 

the short axis. c from the medial portal, it can be seen the hook knife 
through an in plane approach in the long axis at the hydrodissected 
interval in between the anterior gastrocnemius muscle aponeurosis 
and medial head of its muscle belly (GM) and the soleus aponeuro-
sis and its underlying muscle belly (SM) both seen in the short axis. 
d After hook knife transection it can be seen the gap at the anterior 
gastrocnemius muscle aponeurosis (AGMA) and the buttoned probe 
in between the gap through an out of plane approach in the short axis 
at the hydrodissected interval in between the anterior gastrocnemius 
muscle aponeurosis and medial head of its muscle belly (GM) and 
soleus aponeurosis and its underlying muscle belly (SM) both seen in 
the long axis (color figure online)
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The needle enters the medial edge just laterally to the crural 
fascia at the medial aspect of the leg and ventrally to the 
medial head of the GM, proximally to the conjoint tendon, 
thus reaching the most lateral aspect of the anterior gastroc-
nemius muscle aponeurosis, ventral to the lateral head of 
the GM, medially to the crural fascia at the lateral aspect of 
the leg, crossing the intermuscular gastrocnemius septum. 
The hydrodissection leads to a separation of the layers and 
increases the “working space” at the entire interval between 
those two aponeuroses (if the patient has a wide aponeurosis, 
the assistant could introduce another syringe at the lateral 

anterior gastrocnemius muscle aponeurosis to hydrodissect 
the most lateral aspect of the aponeurosis). After hydrodis-
secting, the needle was left under the surgical line as an 
ultrasound “guide”.

Surgical step

Using the needle as a guide, under continued US-guidance, 
we introduced the V-shape gouge in increasing order of size 
from the same portal to enlarge the “working space” to insert 
the hook knife.

Fig. 4   a, b Anatomical dissections for proof after US-guided GIAR 
technique. a (AGMA)… transected anterior gastrocnemius muscle 
aponeurosis; (PT)… transected plantaris tendon. b (AGMA)… tran-
sected anterior gastrocnemius muscle aponeurosis; (PT)… transected 

plantaris tendon; (GIAR)… gastrocnemius intramuscular aponeu-
rosis recession; (CF)… crural fascia; (SN)… preserved sural nerve; 
(GSV)… great saphenous vein.

Fig. 5   a, b The gain at the ankle joint range-of-motion (ROM) after 
our US-guided GIAR-technique. (black lines)…the line drawn on the 
distal crural region marks the shaft of the fibular bone, the black line 
drawn on the foot marks the shaft of the fifth metatarsal bone; a pre-

surgery, clinical evaluation for equinus deformity due to gastrocemius 
muscle contracture. b post-surgery, one can see the gain in extension 
range of motion at the ankle joint (color figure online)
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Thus, after creating a safe channel that allowed us to 
introduce a 3 mm hooked knife using a 2 mm V-shape gouge 
as a guide, ventrally to the anterior gastrocnemius muscle 
aponeurosis, we kept particular attention to maintain the 
hook parallel to the anterior gastrocnemius muscle aponeu-
rosis and with the cut looking proximally, then, once the 
fascia cruris has been perforated, turning it perpendicular 
with the “cutting edge” towards the anterior gastrocnemius 
muscle aponeurosis. Moreover, we pulled back the 2 mm 
V-shape, carefully introducing the retrograde knife up to 
the most lateral aspect of the anterior gastrocnemius muscle 
aponeurosis, thus, with the assistant maintaining the foot and 
ankle in extension and under US-guidance, then performed a 
retrograde cut of the anterior gastrocnemius muscle aponeu-
rosis pushing the retrograde knife “towards” the skin to cut 
the thick aponeurosis and at the same time trying to do not 
transect red fibers.

Before pulling back the retrograde knife we easily local-
ized the plantaris tendon following our previous drawn 
landmarks, therefore, under the US- guidance we hooked 
it and performed its transection. Finally, after extracting the 
hook knife we introduced the buttoned probe all the way 
through the surgical line under short-axis US-guidance, 
pushing it towards the skin to ascertain that the anterior gas-
trocnemius muscle aponeurosis was cut entirely. With the 
buttoned probe we took particular attention to check if the 
intermuscular septum between the medial and lateral heads 
of the gastrocnemius muscle and the most medial and lateral 
aspects of the anterior gastrocnemius muscle aponeurosis 
has been transected as well. If some structures or parts of 
them were not successfully transected the transection was 
repeated again (Fig. 3).

The buttoned probe has been left inside all the way 
through the surgical line to get the proof of our instruments 
course.

Postsurgical anatomical findings (Figs. 4a, b)

After the surgical procedure was completed, all specimens 
have been dissected by the clinical anatomist. The dissection 
started from the medial crural region to the lateral aspect to 
ascertain the effectiveness and safety of the technique. The 
skin and the subcutaneous fat have been cutted off, the crural 
fascia has been incised, and the intermuscular space between 
the gastrocnemius and the soleus has been elevated to expose 
the anterior gastrocnemius muscle aponeurosis and the plan-
taris tendon for verification of a complete release. Moreover, 
the saphenous nerve and its accompanying great saphen-
ous vein medially were intended to be preserved, as well as 
the sural medial and lateral communicating branches dor-
sally. We could, therefore, exclude every possible iatrogenic 
damage.

Results

After a cautious dissection, a complete cut of both the 
anterior gastrocnemius muscle aponeurosis and the plan-
taris tendon could be verified. No iatrogenic damages 
at the great saphenous vein, saphenous nerve nor both 
medial and lateral sural communicating branches has been 
detected. So, no damages of important anatomical struc-
tures could be found.

Therefore, it has been also ascertained that the anterior 
gastrocnemius muscle aponeurosis was entirely transected 
in 10 over 10 specimens, with a mean portal length of 
2 mm (± 1 mm). (Figs. 4a, b).

The average duration of the procedure, including surgi-
cal steps, within our cluster of ten specimens was approxi-
mately 16 min (± 5 min), decreasing in time for each pro-
cedure due to the learning curve: from 30 min for the first 
procedure to 13 min for the last one.

The mean gain at the ankle joint ROM after the GIAR 
was 7.9° (± 1.1°). (Fig. 5).

Little amount of red fibers of the gastrocnemius mus-
cle, closely adjacent to the anterior gastrocnemius mus-
cle aponeurosis were transected as well. The mean gap 
measured via US guidance obtained after the GIAR at the 
anterior gastrocnemius muscle aponeurosis was 12 mm 
(± 5 mm). The mean dorso-ventral thickness of the ante-
rior gastrocnemius muscle aponeurosis was about 1.3 mm 
(± 0.3 mm) and its medio-lateral width was about 109 mm.

(± 11 mm). (Table 1).

Discussion

The main objective of this study was to assess the ana-
tomical landmarks for a safe sonoguided mini-invasive 
procedure and to prove the effectiveness and safety of a 
minimally-invasive, ultrasound-guided (Baumann) surgery 
for the lengthening of the anterior gastrocnemius muscle 
aponeurosis, also re-named by Blitz et al. by the acronym 
“GIAR”: Gastrocnemious -intramuscular-aponeurosis-
recession [7].

It has been already seen that endoscopic minimally 
invasive procedures for a gastro-soleus complex (GSC) 
release are feasible either at GSC lengthening level 3 
(Strayer) and 4 (Baumann) and leads to lesser rates of 
complications [4].

Already in 2009 Vorha et al. have been described as 
an ultrasound-guided surgery for a podiatric condition 
performing an ultrasound-guided plantar fascia release 
[32]. Therefore, they should be considered the first pio-
neers who described an ultrasound-guided surgery that 
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has ever been published for any foot and ankle disorder 
[32]. The first ultrasound-guided gastrocnemius release 
itself has been described in 2016 by Villanueva et al. They 
described a Strayer procedure in 22 specimens and in 23 
patients complaining of an isolate gastrocnemius contrac-
ture, evaluating a 14 degrees mean ankle ROM gain, with 
no sural nerve or vessel damages through a portal of less 
than 2 mm only [15]. This US-guided Strayer procedure 
appeared to be safer compared to the endoscopic Strayer-
technique due to possible sural nerve transection [29]. This 
level 3 procedure targets the gastrocnemius tendon distal 
to its myotendinous junction [5, 14]. Other anatomical 
studies published in 2007 and 2008 by Blitz et al. showed 
the high variability of the location of the fusion of the two 
aponeuroses (conjoint junction) [7, 8], leading the Strayer 
technique to a possible aspecific aponeurosis release of 
both the gastrocnemius and of the soleus aponeurosis, the-
oretically producing the risk of a complete detachment of 
the gastrocnemius with the risk of a complete consequent 
muscular atrophy and loss of function [7, 8]. Moreover, 
during the Strayer procedure all surgical instruments are 
far between the sural nerve and his accompanying lesser 
saphenous vein, existing in tremendous anatomical varia-
tions [23, 28], enhancing the risk of neurovascular injuries 
[31].

On the other hand, the GIAR seems to have more con-
stant anatomical landmarks as it is performed proximally to 
the myotendinous junction of the gastrocnemius muscle. It 
permits to fix the pathological contractures, lengthening the 
aponeurosis, maintaining some degree of force during foot 

plantarflexion, at the same time avoiding muscle atrophy 
and weakness at the gastrocnemius muscle, which seems 
unavoidably in the complete Strayer procedure, either open, 
endoscopic or US-guided, respectively [15, 19, 24, 26].

Moreover, as the GIAR procedure is covered dorsally by 
the bellies of the gastrocnemius muscle and the crural fascia 
itself, the risk of damaging the sural nerve and accompa-
nying vessels might be smaller than during the endoscopic 
procedure [19].

Nevertheless, either for the open and the endoscopic 
GIAR procedure there have been described some saphe-
nous nerve and/or great saphenous vein damages despite 
their constant anatomy, leading to complications [28]. Per-
forming the endoscopic GIAR in obese patients showed that 
in some cases the interval between the gastrocnemius and 
soleus muscles is difficult to identify, leading the surgeon to 
widen the portal to ensure the correct surgical spot, losing 
the “minimally invasive” intention [19].

Performing our novel US-guided GIAR the entry portal 
at the interval between the gastrocnemius and soleus mus-
cle, the preservation of the saphenous nerve and the greater 
saphenous vein are ensured due to the direct visualization 
by ultrasound. Using the same surgical materials as for the 
ultrasound-guided tarsal tunnel release, previously described 
by our group [13, 21, 22], the small surgical portal (2 mm 
mean), might lead to better cosmetical results if compared 
to the endoscopic GIAR [19]. Ultrasound-guided surgery 
has a major advantage with respect to open or endoscopic 
procedures because it might be performed without hemosta-
sis, less post-operative pain and leads to less post-operatives 

Table 1   The table shows the ankle range-of-motion (Ankle-ROM) of all cases pre- and post-surgery

1 2 3 4 5 6 7 8 9 10

Pre-surgical 90.00 100.00 100.00 100.00 93.00 100.00 94.00 91.00 98.00 95

Post-surgical 85.00 90.00 96.00 94.00 89.00 94.00 85.00 80.00 87.00 82

0.00

20.00

40.00

60.00

80.00

100.00

120.00

A
nk

le
-R

O
M

Cases

GASTROCNEMIUS-INTRAMUSCULAR-APONEUROSIS-RELEASE LENGTHENING

Pre-surgical Post-surgical



60	 Surgical and Radiologic Anatomy (2021) 43:53–61

1 3

complications [13, 21]. Therefore, it also could be a possible 
approach for anticoagulated patients.

In their anatomical work concerning the “ideal” transec-
tion zone for the GIAR Blitz et al. claimed that one should 
release the anterior gastrocnemius aponeurosis proximally 
with regard to the confluence of the medial and lateral mus-
cle heads (distal point of the intermuscular septum) on the 
dorsal surface of the gastrocnemius anterior aponeurosis [8].

This transection zone could be variable depending on the 
shape and the height at which the gastrocnemius heads insert 
[8]. In some cases, it is difficult to clinically determine the 
distal.

"transection zone " point, putting the lateral sural cutane-
ous nerve under risk of damage, because the lateral gastroc-
nemius muscle head is not protecting it dorsally, due to a 
proximal myotendinous junction. Therefore, our ultrasound-
guided GIAR technique seems more stable, less invasive, 
precise and safe.

Another objective of our study was to measure the length-
ening produced through the transection of the anterior gas-
trocnemius aponeurosis. Our results showed a mean gap of 
12 mm (± 5 mm). These are similar to other donated bodies 
to science studies [1, 7, 25].

Key point in the effectiveness of the GIAR procedure is 
the selective cut of the collagen fibers of the aponeurosis, 
including the transection of the intermuscular gastrocnemius 
septum and the plantaris tendon, sparing the red fibers [12].

In our opinion, the most challenging aspect and a pos-
sible limit of our novel technique is the reproducibility: one 
needs major skills and experience in ultrasonography, it 
seems having a long learning curve and, therefore, training 
is imperative.

Conclusion

This (sono-)anatomical study of our mini-invasive, ultra-
sound-guided, anterior gastrocnemius muscle aponeurosis 
release (GIAR) shows that a complete release of the anterior 
gastrocnemius muscle aponeurosis was possible with a mean 
portal length of 2 mm only and a mean gain at the ankle 
joint ROM of 7.9° without damaging important anatomical 
structures. These results indicate that our novel ultrasound-
guided (Baumann) surgery for the lengthening of the ante-
rior gastrocnemius muscle aponeurosis might be an effective 
and safe procedure.

Acknowledgements  Open access funding provided by University of 
Innsbruck and Medical University of Innsbruck.

Compliance with ethical standards 

Conflict of interest  No outside funding was received. Nothing to de-
clare.

Open Access  This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article’s Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http://creat​iveco​mmons​.org/licen​ses/by/4.0/.

References

	 1.	 Adelman VR, Szczepanski JA, Adelman RP, Lincoln DR (2009) 
Endoscopic gastrocnemius recession ultrasound-guided analysis 
of length gained. Tech Foot and Ankle Surg 8:24–29. https​://
doi.org/10.1097/BTF.0b013​e3181​99986​b

	 2.	 Anderson JG, Bohay DR, Eller EB, Witt BL (2014) Gastroc-
nemius recession. Foot Ankle Clin 19:767–786. https​://doi.
org/10.1016/j.fcl.2014.09.001

	 3.	 Baker LD (1956) A rational approach to the surgical needs of 
the cerebral palsy patient. J Bone Joint Surg Am 38-A:313–323. 
https​://doi.org/10.2106/00004​623-19563​8020-00007​

	 4.	 Barrett SL, Jarvis J (2005) Equinus deformity as a factor in 
forefoot nerve entrapment: treatment with endoscopic gastroc-
nemius recession. J Am Podiatr Med Assoc 95:464–468. https​
://doi.org/10.7547/09504​64

	 5.	 Barske HL, DiGiovanni BF, Douglass M, Nawoczenski DA 
(2012) Current concepts review: isolated gastrocnemius con-
tracture and gastrocnemius recession. Foot Ankle Int 33:915–
921. https​://doi.org/10.3113/FAI.2012.0915

	 6.	 Baumann JU, Koch HG (1989) Ventrale aponeurotische Ver-
längerung des Musculus gastrocnemius. Oper Orthopädie und 
Traumatol 1:254–258. https​://doi.org/10.1007/BF025​14828​

	 7.	 Blitz NM, Eliot DJ (2007) Anatomical aspects of the gas-
trocnemius aponeurosis and its insertion: a cadaveric study. 
J Foot Ankle Surg 46:101–108. https​://doi.org/10.1053/j.
jfas.2006.11.003

	 8.	 Blitz NM, Eliot DJ (2008) Anatomical aspects of the gastroc-
nemius aponeurosis and its muscular bound portion: a cadav-
eric study-part II. J Foot Ankle Surg 47:533–540. https​://doi.
org/10.1053/j.jfas.2008.08.006

	 9.	 Cychosz CC, Phisitkul P, Belatti DA, Glazebrook MA, DiGio-
vanni CW (2015) Gastrocnemius recession for foot and ankle 
conditions in adults: evidence-based recommendations. Foot 
Ankle Surg 21:77–85. https​://doi.org/10.1016/j.fas.2015.02.001

	10.	 Dalmau-Pastor M, Fargues-Polo B Jr, Casanova-Martinez 
D Jr, Vega J, Golano P (2014) Anatomy of the triceps surae: 
a pictorial essay. Foot Ankle Clin 19:603–635. https​://doi.
org/10.1016/j.fcl.2014.08.002

	11.	 Daseler EH, Anson BJ (1943) The plantaris muscle: an anatomi-
cal study of 750 specimens. JBJS 25:822–827

	12.	 DeHeer PA (2017) Equinus and Lengthening Techniques. 
Clin Podiatr Med Surg 34:207–227. https​://doi.org/10.1016/j.
cpm.2016.10.008

http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1097/BTF.0b013e318199986b
https://doi.org/10.1097/BTF.0b013e318199986b
https://doi.org/10.1016/j.fcl.2014.09.001
https://doi.org/10.1016/j.fcl.2014.09.001
https://doi.org/10.2106/00004623-195638020-00007
https://doi.org/10.7547/0950464
https://doi.org/10.7547/0950464
https://doi.org/10.3113/FAI.2012.0915
https://doi.org/10.1007/BF02514828
https://doi.org/10.1053/j.jfas.2006.11.003
https://doi.org/10.1053/j.jfas.2006.11.003
https://doi.org/10.1053/j.jfas.2008.08.006
https://doi.org/10.1053/j.jfas.2008.08.006
https://doi.org/10.1016/j.fas.2015.02.001
https://doi.org/10.1016/j.fcl.2014.08.002
https://doi.org/10.1016/j.fcl.2014.08.002
https://doi.org/10.1016/j.cpm.2016.10.008
https://doi.org/10.1016/j.cpm.2016.10.008


61Surgical and Radiologic Anatomy (2021) 43:53–61	

1 3

	13.	 Fernandez-Gibello A, Moroni S, Camunas G, Montes R, Zwi-
erzina M, Tasch C, Starke V, Sanudo J, Vazquez T, Konschake 
M (2019) Ultrasound-guided decompression surgery of the 
tarsal tunnel: a novel technique for the proximal tarsal tun-
nel syndrome-Part II. Surg Radiol Anat 41:43–51. https​://doi.
org/10.1007/s0027​6-018-2127-9

	14.	 Grady JF, Kelly C (2010) Endoscopic gastrocnemius recession 
for treating equinus in pediatric patients. Clin Orthop Relat Res 
468:1033–1038. https​://doi.org/10.1007/s1199​9-009-1084-3

	15.	 Herzenberg JE, Lamm BM, Corwin C, Sekel J (2007) Isolated 
recession of the gastrocnemius muscle: the Baumann proce-
dure. Foot Ankle Int 28:1154–1159. https​://doi.org/10.3113/
FAI.2007.1154

	16.	 Konschake M, Brenner E (2014) "Mors auxilium vitae"–causes 
of death of body donors in an Austrian anatomical depart-
ment. Ann Anat 196:387–393. https​://doi.org/10.1016/j.aanat​
.2014.07.002

	17.	 Krause DA, Cloud BA, Forster LA, Schrank JA, Hollman JH 
(2011) Measurement of ankle dorsiflexion: a comparison of 
active and passive techniques in multiple positions. J Sport 
Rehabil 20:333–344. https​://doi.org/10.1123/jsr.20.3.333

	18.	 Lamm BM, Paley D, Herzenberg JE (2005) Gastrocnemius soleus 
recession: a simpler, more limited approach. J Am Podiatr Med 
Assoc 95:18–25. https​://doi.org/10.7547/09500​18

	19.	 Lui TH (2015) Endoscopic gastrocnemius intramuscular 
aponeurotic recession. Arthrosc Tech 4:e615–618. https​://doi.
org/10.1016/j.eats.2015.06.011

	20.	 McHanwell S, Brenner E, Chirculescu AR, Drukker J, van Mame-
ren H, Mazzotti G, Pais D, Paulsen F, Plaisant O, Caillaud MM 
(2020) The legal and ethical framework governing Body Donation 
in Europe-A review of current practice and recommendations for 
good practice. Euro J Anatomy 12:1–24

	21.	 Moroni S, Gibello AF, Zwierzina M, Nieves GC, Montes R, 
Sanudo J, Vazquez T, Konschake M (2019) Ultrasound-guided 
decompression surgery of the distal tarsal tunnel: a novel tech-
nique for the distal tarsal tunnel syndrome-part III. Surg Radiol 
Anat 41:313–321. https​://doi.org/10.1007/s0027​6-019-02196​-w

	22.	 Moroni S, Zwierzina M, Starke V, Moriggl B, Montesi F, Kon-
schake M (2019) Clinical-anatomic mapping of the tarsal tunnel 
with regard to Baxter’s neuropathy in recalcitrant heel pain syn-
drome: part I. Surg Radiol Anat 41:29–41. https​://doi.org/10.1007/
s0027​6-018-2124-z

	23.	 Rodriguez-Acevedo O, Elstner K, Zea A, Diaz J, Martinic K, 
Ibrahim N (2017) The sural nerve: Sonographic anatomy, vari-
ability and relation to the small saphenous vein in the setting of 
endovenous thermal ablation. Phlebology 32:49–54. https​://doi.
org/10.1177/02683​55515​62726​2

	24.	 Rong K, Ge W-t, Li X-c, Xu X-y (2015) Mid-term results of intra-
muscular lengthening of gastrocnemius and/or soleus to correct 
equinus deformity in flatfoot. Foot Ankle Int 36:1223–1228. https​
://doi.org/10.1177/10711​00715​58899​4

	25.	 Rong K, Li XC, Ge WT, Xu Y, Xu XY (2016) Comparison of the 
efficacy of three isolated gastrocnemius recession procedures in a 
cadaveric model of gastrocnemius tightness. Int Orthop 40:417–
423. https​://doi.org/10.1007/s0026​4-015-2860-1

	26.	 Saraph V, Zwick EB, Uitz C, Linhart W, Steinwender G (2000) 
The Baumann procedure for fixed contracture of the gastrosoleus 
in cerebral palsy. Evaluation of function of the ankle after mul-
tilevel surgery. J Bone Joint Surg Br 82:535–540. https​://doi.
org/10.1302/0301-620x.82b4.9850

	27.	 Strayer LM Jr (1950) Recession of the gastrocnemius: an opera-
tion to relieve spastic contracture of the calf muscles. JBJS 
32:671–676. https​://doi.org/10.2106/00004​623-19503​2030-00022​

	28.	 Tan ACK, Tang ZH, Fadil MFBM (2017) Cadaveric anatomical 
study of sural nerve: where is the safe area for endoscopic gas-
trocnemius recession? Open Orthopaedics J 11:1094. https​://doi.
org/10.2174/18743​25001​71101​1094

	29.	 Tashjian RZ, Appel AJ, Banerjee R, DiGiovanni CW (2003) 
Endoscopic gastrocnemius recession: evaluation in a cadaver 
model. Foot Ankle Int 24:607–613. https​://doi.org/10.1177/10711​
00703​02400​807

	30.	 Thevendran G, Howe LB, Kaliyaperumal K, Fang C (2015) 
Endoscopic gastrocnemius recession procedure using a single 
portal technique: a prospective study of fifty four consecutive 
patients. Int Orthop 39:1099–1107. https​://doi.org/10.1007/s0026​
4-015-2723-9

	31.	 Villanueva M, Iborra A, Rodriguez G, Sanz-Ruiz P (2016) Ultra-
sound-guided gastrocnemius recession: a new ultra-minimally 
invasive surgical technique. BMC Musculoskelet Disord 17:409. 
https​://doi.org/10.1186/s1289​1-016-1265-7

	32.	 Vohra PK, Japour CJ (2009) Ultrasound-guided plantar fascia 
release technique: a retrospective study of 46 feet. J Am Podiatr 
Med Assoc 99:183–190. https​://doi.org/10.7547/09801​83

	33.	 Vulpius O, Stoffel A (1913) Orthopadische Operationslehre: Mit 
627 zum Teil farbigen Abbildungen. F. Enke

Publisher’s Note  Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

https://doi.org/10.1007/s00276-018-2127-9
https://doi.org/10.1007/s00276-018-2127-9
https://doi.org/10.1007/s11999-009-1084-3
https://doi.org/10.3113/FAI.2007.1154
https://doi.org/10.3113/FAI.2007.1154
https://doi.org/10.1016/j.aanat.2014.07.002
https://doi.org/10.1016/j.aanat.2014.07.002
https://doi.org/10.1123/jsr.20.3.333
https://doi.org/10.7547/0950018
https://doi.org/10.1016/j.eats.2015.06.011
https://doi.org/10.1016/j.eats.2015.06.011
https://doi.org/10.1007/s00276-019-02196-w
https://doi.org/10.1007/s00276-018-2124-z
https://doi.org/10.1007/s00276-018-2124-z
https://doi.org/10.1177/0268355515627262
https://doi.org/10.1177/0268355515627262
https://doi.org/10.1177/1071100715588994
https://doi.org/10.1177/1071100715588994
https://doi.org/10.1007/s00264-015-2860-1
https://doi.org/10.1302/0301-620x.82b4.9850
https://doi.org/10.1302/0301-620x.82b4.9850
https://doi.org/10.2106/00004623-195032030-00022
https://doi.org/10.2174/1874325001711011094
https://doi.org/10.2174/1874325001711011094
https://doi.org/10.1177/107110070302400807
https://doi.org/10.1177/107110070302400807
https://doi.org/10.1007/s00264-015-2723-9
https://doi.org/10.1007/s00264-015-2723-9
https://doi.org/10.1186/s12891-016-1265-7
https://doi.org/10.7547/0980183

	Anatomical basis of a safe mini-invasive technique for lengthening of the anterior gastrocnemius aponeurosis
	Abstract
	Background 
	Methods and results 
	Conclusion 

	Introduction
	Material and methods (Figs. 1, 2, 3, 4, 5)
	Methods (Figs. 1, 2, 3, 4, 5)
	Technical procedure
	Hydrodissection step
	Surgical step
	Postsurgical anatomical findings (Figs. 4a, b)

	Results
	Discussion
	Conclusion
	Acknowledgements 
	References




