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SUMMARY

Gastrocnemius is essential in normal gait, con-
tributing to the control of ankle plantarflexion and
knee flexion. However, there is a paucity of litera-
ture on the architecture of the infant gastrocnemius
muscle prior to the onset of weight-bearing and
gait. This study investigates the three-dimensional
(3D) musculoaponeurotic architecture of the gas-
trocnemius in a six-month-old infant. One six-
month-old cadaver was used in this study (The
University of Toronto Health Sciences Research
Ethics Board, #32679, and The University of Auck-
land Human Participants Ethics Committee,
#016164). Medial (MG) and lateral (LG) heads of
the gastrocnemius were serially dissected and a
Microscribe G2X™ digitizer used to digitize fiber
bundles, aponeuroses and tendons. Data were
then exported to Autodesk® Maya® to create 3D
models. Custom software quantified architectural
parameters, including fiber bundle length, penna-
tion angle, physiological cross-sectional area, and
muscle volume. The intramuscular architecture
was assessed to determine whether musculoapo-
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neurotic partitions were present. Muscle volume
was <1cm3 for both MG and LG. Three architec-
tural partitions, proximal, middle, and distal, were
identified for both MG and LG. Notably, the proxi-
mal partitions of both MG and LG had mean fiber
bundle length at 2.21 £ 0.41 cm and 2.22 + 0.27
cm, significantly greater (p<0.05) than the middle
and the distal partitions. The results of this study
suggest that both MG and LG have architectural
partitions before the commencement of gait. Fur-
ther longitudinal studies with larger sample sizes
are needed to confirm the presence of these archi-
tectural partitions, as well as to investigate their
growth across the developmental spectrum.
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INTRODUCTION

The gastrocnemius muscle is described as a
pennate muscle with two heads, medial (MG) and
lateral (LG), with each receiving motor branches
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independently from the tibial nerve. The patterns of
intramuscular innervation of both heads of the gas-
trocnemius have been found to be similar, and
identify three neuromuscular partitions; superior,
inferomedial and inferolateral, each with its own
intramuscular innervation (Robinson et al., 2016).
The two heads originate proximally from the medi-
al and lateral femoral condyles and, together with
the soleus muscle, make up the triceps surae,
which inserts distally to the calcaneus via the cal-
caneal tendon. The triceps surae is a major power
generator in gait and acts to plantarflex the ankle
during the terminal stance phase of the gait cycle
(Perry, 1992).

While contributing to plantar flexor power genera-
tion and knee flexion control, MG and LG differ
functionally, both in quiet standing and during ac-
tive movements. Héroux et al. (2014) reported
that, in quiet standing, stability to the ankle is pro-
vided by continuous activity of the soleus to coun-
teract static gravitational torque, while MG is only
intermittently active in response to anterior-
posterior and medio-lateral torque (Héroux et al.,
2014). In contrast, LG is inactive in quiet standing
and only fires when there is an anterior trunk lean
similar to that seen in a stepping response. To ex-
plain this finding, Héroux et al. (2014) propose that
the two heads of the gastrocnemius work in differ-
ent ankle ranges, with the fascicle orientation of
MG advantaging it in a standing position. Function-
al differences are also seen during active toe rise
tests, with greater activity in MG and sub-volume
differences, with greater activation in the proximal
part of the muscle (Segal and Song, 2005).

These reported functional differences between
MG and LG have been related to differences in the
gross morphology and architecture of the two
heads. In the adult, MG has a consistently larger
muscle volume (MV) than LG (Fukunaga et al,
1992), and extends further distally in most cases
(Antonios and Adds, 2008). The fiber bundle (FBs)
in MG also have a greater pennation angle (PA)
and shorter mean fiber bundle length (FBL) con-
sistent with greater force-generating capabilities as
estimated by the physiological cross-sectional area
(PCSA), which is the sum of the cross-sectional
areas of a muscle’s FBs, taking into account their
PA. The lateral head, with its smaller MV, longer
FBL and smaller PA, would be expected to have
less force-generating capability and greater excur-
sion capabilities (Fukunaga et al., 1992).

In contrast to the adult literature, the morphology
and intramuscular architecture of MG and LG have
not been elucidated in the pediatric population. We
could not find any cadaveric studies describing the
contractile and connective tissue elements of pedi-
atric gastrocnemius. A limited number of imaging
studies were identified. However, only select archi-
tectural parameters were quantified from a small
number of FBs, often from unknown locations with-
in the muscle volume (Table 1). Typically, the age

range of participants in the imaging studies was
large, and the data was analyzed as one group.
This made it difficult to discern how muscle archi-
tecture changes during growth. Notably, from birth
to two years of age, there was a paucity of studies.
This knowledge gap in normal musculoskeletal
development is substantial, impeding understand-
ing of early disease processes that interfere with
normal infant musculoskeletal development. Thus,
the aim of this paper is to investigate the three-
dimensional (3D) musculoaponeurotic architecture
of the gastrocnemius in a six-month-old infant, us-
ing digitization, 3D modeling and parameter quan-
tification.

MATERIALS AND METHODS

One formalin embalmed six-month-old female
infant with no known musculoskeletal abnormali-
ties was included in this study. Ethics approval
was received from the University of Toronto Health
Sciences Research Ethics Board (Protocol Refer-
ence #32679) and the University of Auckland Hu-
man Participants Ethics Committee (Protocol Ref-
erence #016164).

Entire body computed tomography (CT) scans of
the infant were obtained using an Aquilion ONETM
Computed Tomography scanner (Toshiba Medical
Systems Corporation, Tokyo, Japan). Following
scanning, the skin and superficial fascia were ex-
cised to expose the underlying deep fascia, which
was then removed to expose the superficial sur-
face of MG, LG, and the calcaneal tendon to its
insertion.

Fiber bundles on the superficial surface of MG
and LG were meticulously delineated from their
proximal to their distal attachment sites and digit-
ized at 3-5 mm intervals using a MicroScribeTM
G2X Digitizer (0.05 mm accuracy; Immersion Cor-
poration, San Jose, CA). Once the FBs were digit-
ized, they were removed to expose the underlying
FBs. This process was repeated until the entire
muscle volume had been digitized. During digitiza-
tion, when aponeuroses, tendons or septa were
revealed, the surface of each was digitized using a
grid pattern. The digitized data were used to create
the 3D muscle models in Autodesk® Maya® with
additional software developed in the laboratory.

Muscle belly length was computed using the 3D
muscle models and the distance measure tool.

The 3D models were then used to document the
spatial arrangements of the FBs and their attach-
ment sites to aponeuroses and tendons. Next,
mean FBL, mean PA, PCSA and MV, were quanti-
fied from the digitized data using software devel-
oped in the laboratory (Lee et al., 2012; 2015). The
arrangement of the contractile and connective tis-
sue elements and the quantified architectural pa-
rameters were compared between MG and LG.
The intramuscular architecture of each head was
assessed, using the 3D models and the architec-
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Table 1. Imaging studies quantifying pediatric medial gastrocnemius and lateral gastrocnemius architectural parame-
ters in typically developing participants.

Mean Architectural Parameters

Mean age, (x 1SD)
Study Imaging years £ Muscle
1SD (range) FBL PA PCSA MV
(cm) )] (cm?) (cm®)
Barber et al. Us 4.0+ MEDIAL GAS- 33t
(2011b) 12 TROCNEMIUS X X 7.3£05 2
Barber et al. us 53 MEDIAL GAS- . . x 4785179
(2016) (2389  TROCNEMIUS
Herskindetal.  US, MRI 4.0 MEDIAL GAS- .
(2016) TROCNEMIUS X X X 40
Kawano et al. US 6.4+ MEDIAL GAS- 3.14 25.9+ « «
(2018) 13 TROCNEMIUS £0.32 32
115+
Kruse et al. us 25 MEDIAL GAS- 4.4+ 18.1% X X
(2018) : TROCNEMIUS 0.8 27
Legerlotz et al US 6.6 MEDIAL GAS- 15.7+
(2010) 2.3 TROCNEMIUS ~ 412% 062 18 X X
(4-10)
Malaiya et al. uUs 9.5 MEDIAL GAS- 4.5: 17.04 « 82.1+
(2007) (4-13) TROCNEMIUS 0.7 19 27.3
Obst et al. uUs 4.6+ MEDIAL GAS-
(2017) 2.0 TROCNEMIUS X X X 46.8+23.7
Schless et al. us 8.2+ MEDIAL GAS-
(2018) 14 TROCNEMIUS X X X 53.6+ 12.2
Schless et al. 9.9+ MEDIAL GAS-
(2019a) us 2.4 TROCNEMIUS X X X 68.1£ 20.6
Schless et al. 9.9 MEDIAL GAS-
(2019b) us (78-115) TROCNEMIUS X X X 62.0
Shortland et uUs 7.8 MEDIAL GAS- 3.74+ 21.7+ « «
al. (2002) (7-11) TROCNEMIUS 1.01 46
Willerslev-
Us 144 MEDIAL GAS- 141+
Olsen et al. X X X
2078) 11 TROCNEMIUS 9.1
Wren et al. uUs 8.8+ MEDIAL GAS- « 17.9+ « «
(2010) 2.3 TROCNEMIUS 25
MEDIAL GAS-
42405
Mohagheghi et uUs 91423  |ROCNEMIUS X X X
al. (2008) @ areraioas Lo X X X
TROCNEMIUS 9% 0.
Morse et al. US, MRI LATERAL GAS-  7.01% 10.8+
12908) 109:03  HUERAL GRS 5% 32 155+ 3.2 64.5+ 18.9
Stephensen et us 9.86+ LATERAL GAS- 5.63+ 15.83+ X X
al. (2012) 130 TROCNEMIUS 1.02 421
MEDIAL GAS-
TROCNEMIUS ~ >70£0.48
Chen et al. uUs 4835 198 15.4+3.3 X X
(2018) 83+ 1. LATERAL GAS. 10.742.0 X X
TROCNEMIUS ~ 451£0.72

FBL, fiber bundle length; LATERAL GASTROCNEMIUS, lateral head of gastrocnemius; MEDIAL GASTROCNEMIUS, medial head of gastrocnemius;
MRI, magnetic resonance imaging; MV, muscle volume; PA, pennation angle; SD, standard deviation; US, ultrasound; X, not reported; *MV was calculat-
ed from regression line at 4 years.

tural data, to determine whether MG and LG had FBs to aponeuroses and tendons, and the differ-
musculoaponeurotic partitions. Partitioning was ences in architectural parameter data of FBs in
based on the orientation and attachment sites of each partition. Statistically significant differences
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Table 2. The architectural parameters and attachment sites of medial and lateral gastrocnemius and their architectural

partitions
. . . Mean FBL Mean proximal Mean distal PCSA MV
Partition Proximal attachment Distal attachment (mm) PA (%) PA (%) €m®)  (cmd)
MED Posteromedial cartilaginous Common aponeurosis
GSTI.?C distal femoral epiphysis via contributing to the cal-  19.843.2  12.245.5 17.116.2 0.39 0.80
: a flat tendon caneal tendon distally
Medial aspect of the distal
Proximal femoral epiphysis, and the  Posterior surface ofthe - 54 5,4 1a 16 945 1° 21.0:40° 007 0.6
(Fig. 2A — D) superior third of the anterior medial deep aponeuro-
9 surface of the superficial sis
aponeurosis
. . . Proximal half of the
Middle Middle third of the anterior 0o medial surface  19.32.0°  8.80+4.0° 18.0¢6.69 014  0.28
) surface of the superficial
(Fig. 2A - C) . of the common aponeu-
aponeurosis )
rosis
Distal Inferior third of anterior Ln;g'e%;aelggtg: fface . )
(Fig. 2A — B) surface of the superficial of the common aponeu- 19.1+3.2° 13.4+4.6° 13.2+4.8 0.16 0.32
9- aponeurosis . P
rosis
LAT Posterolateral cartilaginous Common aponeurosis
GS'I:RC distal femoral epiphysis via contributing to the cal-  19.3+3.7 17.0+6.3 10.4+5.3 0.40 0.83
' a flat tendon caneal tendon distally
. Inferior half of the anterior ~ Lateral edge of the i n
z:rioxusn:I_ D) surface of the proximal medial deep aponeuro- 222427 16.0+5.8' 9.97+4.5 0.14 0.32
9 tendon sis
Posterior surface of the
Superior three quarters of  lateral deep aponeuro- )
Middle the anterior surface of the  sis and proximal third of 17.6+2.5  16.2+5.8' 9.25+5.9" 0.15 0.30
(Fig. 3A — C.) superficial aponeurosis the posterolateral sur-
face of the common
aponeurosis
Distal Distal quarter of the anterior t'\cglr(iclj;?etrhallr 25;;:2 g(f)s- )
(Fig. 3A — B) surface and margins of the the common aponeuro- 15.1£1.5° 21.546.8™ 13.7£5.1° 0.07 0.12

superficial aponeurosis

sis

between architectural parameters of MG and LG
were tested using student t- tests, and between
partitions using one-way ANOVA, with significance
set at p<0.05. These statistical analyses were per-
formed using SSPS statistical software Version 25
(IBM Corp., Armonk, N.Y., USA).

RESULTS

The 3D models provide insight into the in-situ
attachment sites and morphology of the medial
and lateral heads (Fig. 1). Proximally, both heads
attached to the cartilaginous distal femoral epiphy-
sis via a flat tendon, MG to the posteromedial sur-
face of the epiphysis, and LG to the posterolateral
surface. Distally, each tendon expanded to form a
superficial aponeurosis spanning the proximal two-
thirds of the medial and lateral muscle bellies. The
muscle belly of the medial head, at 5.34 cm in
length, extended further distally than that of the
lateral head, with a length of 4.84 cm. Both MG
and LG had a second, deep aponeurosis located
on the anterior surface of their muscle belly. The
deep aponeuroses of each head converged to
form a common aponeurosis, which, together with
a contribution from soleus, formed the calcaneal

tendon (Fig. 1A, iv). The calcaneal tendon could
be traced to its distal attachment on the posterior
aspect of the cartilaginous calcaneus.

Both MG and LG were found to consist of three
overlapping partitions arranged from superficial to
deep (Figs. 1B, 1C). In each head, the distal parti-
tion was most superficial, followed by the middle
and proximal partitions. These partitions were de-
fined on the basis of morphology, attachment sites,
PA, and FBL.

All of the partitions of MG and LG attached supe-
riorly to specific regions on either the medial and
lateral femoral epiphysis and/or the anterior sur-
face of the superficial aponeurosis. Inferiorly, the
partitions attached to well-defined areas of the
deep and common aponeuroses. Table 2 outlines
the specific partition attachment sites.

The mean FBL of MG and LG were similar
(Table 2). However, at the partition level, the proxi-
mal partition of each head had the greatest mean
FBL. The middle partition of LG had significantly
greater mean FBL than the distal partition
(p<0.05); in MG, no significant difference was
found.

Significant differences in mean PA were ob-
served between MG and LG, with the mean proxi-
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Fig 1. A. i) MG and LG registered to the 3D surface reconstruction of infant skeleton. ii) Medial head of gastrocnemius
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iii) Lateral head of gastrocnemius. iv) Connective tissue elements deep to MG and LG muscle bellies, and the calcane-
al tendon. B. Partitions of MG. C. Partitions of LG. CA, common aponeurosis; L, deep aponeurosis of LG; LG, lateral
head of gastrocnemius; M, deep aponeurosis of MG; MG, medial head of gastrocnemius; SA, superficial aponeurosis.

mal PA of MG being 4.8° less than the LG
(p<0.05), and its mean distal PA 6.7° greater
(p<0.05) (Table 2). In LG, the greatest mean prox-
imal and distal PA were found in the distal parti-
tion, while no significant difference in mean PA

was found between the proximal and middle parti-
tions. In MG, although the mean distal PA de-
creased from proximal to distal, this pattern was
not evident for mean proximal PA. Notably, both
the proximal partition in MG and the distal partition
in LG had the greatest mean proximal and distal
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PA within their respective heads.

The PCSA and MV of MG and LG were similar.
However, the distribution of PCSA and MV at the
partition level differed between each head. The
proximal partition of MG had approximately half
the MV and half the PCSA of the middle and distal
partitions. In LG, this pattern was reversed, with
the distal partition having half the MV and PCSA of
the middle and proximal partitions.

DISCUSSION

This is the first study to quantify the 3D muscu-
loaponeurotic architecture of MG and LG in a six-
month-old infant. The morphological arrangement
of the contractile and connective tissue elements
and their attachment sites were similar in the six-
month-old and the adult; however, the architectural
parameters differed significantly.

Musculoaponeurotic morphology

In the adult, the muscle belly length of MG is typi-
cally greater than LG; the difference in mean mus-
cle belly length has been reported in four studies
and ranged from 2-15% (Wickiewicz et al., 1983;
Friederich and Brand, 1990; Fukunaga et al.,
1992; Morse et al., 2005a). In the current study, a
similar finding was noted, with the muscle belly
length of the MG being 10% greater than LG.
Consistent with the adult, FBs of MG and LG in the
infant had three partitions (Robinson et al., 2016).
This suggests that both MG and LG may have
neuromuscular partitions in the six-month-old in-
fant, before the commencement of gait. However,
further study is needed to determine intramuscular
innervation patterns in the infant.

In adult literature and the current study, MG and
LG had flat proximal tendons, extending distally
from their proximal attachment to form superficial
aponeuroses, covering the superficial two-thirds of
each muscle belly. The anterior surface of these
aponeuroses provided attachment for FBs on their
anterior surface (Dalmau-Pastor et al., 2014).

In the current study, and in the adult, FBs of each
head travelled inferiorly to converge with those of
the opposite head before attaching to the posterior
surface of separate aponeuroses. These joined to
form a single wide aponeurosis, which contributed
to the formation of the calcaneal tendon (Dalmau-
Pastor et al., 2014).

In the adult, the proximal fiber bundles of MG
and LG have been reported to attach to the medial
and lateral supracondylar ridges, superior to the
tendinous attachment on the medial and lateral
femoral condyles, respectively (Dalmau-Pastor et
al., 2014). In the infant MG, this attachment was
conserved; however in LG, fiber bundle attach-
ment to the femur was not present.

Architectural parameters
The results of the current study were compared

to pediatric and adult literature. Typically, the age
range of participants in the pediatric literature was
large, and architectural data reported as a mean
for the entire participant group, making it difficult to
discern developmental trends. In the current study,
the total MV of both MG and LG was less than 1
cm3. The MV of pediatric MG was recorded in sev-
en studies, ranging from 14.1 cm3 at a mean age
of 1.4 years to 82.1 cm3 at a mean age of 9.5
years (Malaiya et al., 2007; Barber et al., 2011b;
Herskind et al., 2016; Barber et al., 2016; Obst et
al., 2017; Schless et al., 2018; Willerslev-Olsen et
al., 2018; Schless et al., 2019a, 2019b). All except
one of the adult studies reported a mean MV
greater than 200 cm3 (Fukunaga et al., 1992; Nari-
ci et al.,, 1996; Elliott et al., 1997; Narici et al.,
2003; Albracht et al., 2008; Csapo et al., 2010;
Tomlinson et al., 2014; Hussain et al., 2017; Morse
et al., 2015). Pediatric LG was reported to have
an MV of 64.5 cm3 at 10.9 years by Morse et al.
(2008); all adult studies reported MV greater than
140 cm3 (Fukunaga et al., 1992; Elliott et al.,
1997; Morse et al., 2005b; Albracht et al., 2008).

These data suggest that MG and LG increase in
volume at least 100-fold across the developmental
spectrum from infancy to adulthood. A lack of liter-
ature makes it difficult to comment on age-specific
growth rates, but these data suggest that a tenfold
increase may occur within the first two years of life.
However, the comparison between the MV of each
head at different stages of development suggests
disproportionate growth. In the current study, there
is less than a 4% difference between the MV of
MG and LG. However, literature investigating the
MV of both MG and LG in adult participants sug-
gests that this similarity is not present upon matu-
ration of gastrocnemius architecture, with all stud-
ies reporting that the mean MV of MG was at least
twice that of LG (Fukunaga et al., 1992; Elliott et
al., 1997; Albracht et al., 2008).

A review of the published literature showed that
the mean FBL of LG compared to MG was longer
in all pediatric and adult studies. Pediatric MG, in
six ultrasound studies, was reported to have a
mean FBL ranging from 3.1 cm to 4.5 cm with
mean participant ages of 4.8 to 11.5 years
(Shortland et al., 2002; Malaiya et al., 2007; Mo-
hagheghi et al., 2008; Legerlotz et al., 2010; Chen
et al., 2018; Kruse et al.,, 2018; Kawano et al.,
2018). For pediatric LG, mean FBL of 4.9 cm to
7.0 cm were recorded in four ultrasound studies
with mean participant ages from 4.8 to 10.9 years
(Mohagheghi et al., 2008; Morse et al., 2008; Ste-
phensen et al., 2012; Chen et al., 2018).

Comparison of the architectural parameters of
the six-month-old infant in the current study and
the pediatric study with the youngest mean age
(4.8 years), by Chen et al. (2018), suggests an
87% (1.7 cm) increase in the mean FBL of MG,
and a 134% (2.6 cm) increase in the mean FBL of
LG from six months to 4.8 years. In contrast, com-
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parison between Chen et al. (2018) and the adult
(Agur et al. 2003) revealed a 21% (0.78 cm) in-
crease in mean FBL for MG and a 28% (1.27 cm)
increase for LG. This suggests that the majority of
the increase in mean FBL between the infant and
the adult occurs during the first few years of devel-
opment. However, the comparison between each
head suggests a disproportionately greater in-
crease in mean FBL for LG across the develop-
mental timeline.

The mean distal PA of MG and LG in the current
study were similar to those reported in the pediat-
ric literature; no record of the mean proximal PA
was found. For MG, the mean distal PA ranged
from 15.4° - 25.9° in six ultrasound studies, with
mean participant ages of 4.8 to 11.5 vyears
(Shortland et al., 2002; Malaiya et al., 2007; Leger-
lotz et al., 2010; Wren et al., 2010; Chen et al,,
2018; Kruse et al., 2018; Kawano et al., 2018). In
three studies that recorded the mean distal PA of
LG, it was found to range from 10.7° - 15.8° (mean
participant age of 4.8 - 10.9 years). The mean dis-
tal PA of MG and LG in the current study were
similar to the pediatric literature. However, in the
adult, the mean distal PA of MG and LG de-
creased by 8.2° and 3.9°, respectively, when com-
pared to the pediatric literature (Agur et al., 2003).
This suggests that a large proportion of change in
distal PA occurs later in development.

Literature quantifying the PCSA of pediatric MG
and LG was scarce. Only two studies were found,
one investigating MG and the other LG. The PCSA
of MG in the current study was 0.39 cm2, increas-
ing to 7.3 cm2 at 4.0 years (Barber et al., 2011b),
and at least 41 cm2 in the adult literature
(Fukunaga et al., 1992; Narici et al., 1996; Narici et
al., 2003; Albracht et al., 2008; Barber et al.,
2011a; Csapo et al., 2010; Tomlinson et al., 2014;
Morse et al., 2015; Hussain et al., 2017). Similarly,
the PCSA of LG increased from 0.40 cm2 in the
current study to 15.5 cm2 at 10.9 years, and to a
minimum of 24 cm2 in the adult (Fukunaga et al.,
1992; Morse et al., 2005b; Albracht et al., 2008).
This suggests that there are large increases in the
PCSA of MG and LG throughout the developmen-
tal spectrum. Interestingly, this increase was not
proportionate. In the current study, the PCSA of
MG and LG were similar. However, by adulthood
the mean PCSA of MG was approximately two to
three times greater than LG (Fukunaga et al.,
1992; Albracht et al., 2008).

Limitations

The main limitation of this study is the sample
size of one. This reflects a scarcity of infant dona-
tions to research programs due to regional laws
and regulations. It was therefore not possible to
conduct a longitudinal study; comparison had to be
made directly with the adult, with little intermediate
data to guide analysis. A sample size of one also
meant that the degree of architectural variation

within the infant population, including sexual varia-
tion, could not be assessed.

Furthermore, as this was a cadaveric study, the
tissue properties will differ from in-vivo muscle.
This limitation is inherent in all cadaveric studies.
However, some studies have documented the rela-
tionship of cadaveric to in-vivo muscle tissue prop-
erties. Martin et al. (2001) reported that the mean
FBL of cadaveric muscle is approximately halfway
between relaxed and contracted in-vivo muscle. In
another study, Cutts and Seedhom (1993) found
that absolute in-vivo muscle parameters were larg-
er than cadaveric measurements. However, this
study also reported that the relative PCSAs of in-
vivo CT imaged quadriceps muscles were similar
to the relative PCSAs calculated from cadaveric
data. In the current study, it was only possible to
compare cadaveric infant data to in-vivo ultra-
sound studies as no other infant cadaveric studies
were found. The data from the current study will be
used to inform novel in-vivo ultrasound protocols to
investigate the development of pediatric gas-
trocnemius.

Functional Implications

Differing functional demands following com-
mencement of weight-bearing activities may play a
role in the architectural development of each head,
and ultimately the achievement of their respective
functions in the adult. In the current study, at six
months, similar PCSA and mean FBL of MG and
LG suggests that prior to weight- bearing and gait,
this divergent functionality is absent. Variations
between infant, pediatric, and adult studies sug-
gest a non-linear developmental timeline for the
intramuscular architecture of MG and LG. Howev-
er, due to the scarcity of pediatric literature, a se-
ries of longitudinal studies with smaller age ranges
are required to elucidate the timing of specific
changes in the architectural parameters of each
head.

In conclusion, this is the first study to volumetri-
cally quantify the morphology and architectural
parameters of gastrocnemius at six months. In
both the infant and adult, proximal, middle, and
distal partitions were found to be present; howev-
er, their architectural parameters differed. The lack
of pediatric gastrocnemius muscle architecture
studies makes it difficult to comment on the archi-
tectural development of the gastrocnemius muscle
through childhood. A further longitudinal study of
the muscular partitions of the gastrocnemius is
required to determine how the muscle architecture
changes during development in order to gain an
understanding of the architectural basis for the
achievement of functional milestones.
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