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Abstract

Objectives: The elaborate morphometry of the human trapezius muscle facilitates its involvement in numerous active move-
ments of the shoulder girdle and passive stabilization of the upper extremity. Despite its functional importance throughout
the lifespan, little is known about the 3D architecture of trapezius at any post-natal timepoints. Accordingly, the aim of this
preliminary cadaveric study was to digitize, quantify, model, and compare the 3D architecture of trapezius at two temporal
extremes: infancy and adulthood.

Methods: We examined trapezius in two female formalin-embalmed cadavers, aged 6 months and 72 years, respectively. We
meticulously dissected each muscle, allowing us to digitize and model the comprehensive muscle architecture in situ at the fiber
bundle level. We quantified standard architectural parameters to facilitate comparison between each functional partition of
trapezius (i.e., descending, transverse, ascending) and proportionally between the infant and adult specimens.

Results: We found markedly different patterns in fiber bundle length range, physiological cross-sectional area, and muscle vol-
ume within and between muscles. Notably, the proportional physiological cross-sectional area of the ascending and descending
partitions was equal (1:1) in the infant, in contrast to 3:1 in the adult. The transverse partitions were proportionally similar,
accounting for over half of the whole muscle physiological cross-sectional area in both specimens.

Conclusion: This study provides preliminary insights into infant and adult trapezius architecture at an unparalleled level of
detail and precision. The quantifiable architectural differences appear to coincide with functional development-a notion that
warrants further investigation in larger samples and with longitudinal approaches.
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Introduction

The trapezius is a morphometrically complex muscle that
is conventionally divided into three distinct partitions:
ascending, transverse, and descending. Functionally, the
trapezius is involved in voluntary movement of the scapu-
lae (depression, retraction, elevation, and upward rota-
tion) and clavicles (elevation), as well as postural stability
and upper extremity support via suspension of the shoul-
der girdle." This large superficial muscle is frequently
implicated in a wide range of pathologic conditions,

including fibromyalgia,”” cerebral palsy,” and facioscapu-
lohumeral muscular dystrophy.” Morphological changes
present in these conditions include reduction of muscle
mass due to atrophy leading to functional changes such as
altered excursion (range of motion) or reduced relative
force generating capacity."

Despite its common involvement in pathologic condi-
tions, very little is known about both the detailed archi-
tecture of the trapezius and its developmental trajectory.
Without this foundational knowledge, assessment of the
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etiology, pathophysiology, rehabilitation, and manage-
ment of trapezius pathologies are inherently limited.

A recent study by Badura et al.” reported preliminary
quantitative data regarding pre-natal growth dynamics of
the human trapezius. This study offers vital insights into
fetal trapezius development; however, fetal development
patterns are not influenced by external functional
demands and therefore cannot be generalized to post-
natal growth. Post-natal data are essential for understand-
ing how functionality may affect the morphometry and
growth dynamics of muscles like the trapezius.

In early post-natal development, the trapezius (in tan-
dem with the sternocleidomastoid) generates a head thrust
movement that is essential to infant breastfeeding mechan-
ics.” Moreover, it has been demonstrated that stabilization
of the head and shoulder are facilitated by increases in
trapezius and deltoid activity. These muscular changes
provide increased postural stability to enable the develop-
ment of functional reaching patterns.” Nevertheless, to
the best of our knowledge, no studies to date have investi-
gated or documented the morphometry of the infant
trapezius.

The adult trapezius has been examined in greater
detail than that of the infant. Numerous iz vivo imaging
studies (e.g., ultrasound and magnetic resonance) have
been used to quantify various morphometric parameters,
including cross-sectional area, fiber bundle length (FBL),
and muscle thickness.""" Yet, a lack of thorough under-
standing of the fundamental anatomy in this region poses
a significant challenge to imaging optimization and inter-
pretation. Several cadaveric studies have investigated adult
trapezius morphometry;'*" however, the architectural
parameters quantified in these studies are often overgen-
eralized and inaccurate due to limited fiber bundle (FB)
sampling, lack of volumetric data, and 2D manual meas-
urements of 3D parameters. Recently, our lab has begun
digitizing the 3D architecture of the adult trapezius in
cadaveric specimens using the same methods presented in
this paper;'” however, data analysis is still in progress.

Accordingly, this study had two primary objectives; (1)
to capture and quantify three-dimensional (3D) trapezius
architecture in an infant and adult cadaveric specimen, and
(2) to document morphometric differences between the
infant and adult trapezius.

Materials and Methods

This study examined two lightly formalin-embalmed
cadaveric specimens: one female infant (age: 6 months)
and one female adult (age: 72 years). Neither specimen
had discernable evidence of structural abnormality,

pathology, or previous surgery in the back, neck, or shoul-
der regions.

The digitization and modeling techniques used in this
study were developed in our laboratory and have been
used previously to examine the morphometry of other

. . . 19 . . 20
muscles, including supraspinatus,”"” pectoralis major,””
and soleus.”"

Prior to data collection, we obtained full body comput-
erized tomography (CT) scans of the infant cadaver on an
Aquilion ONE™ 320 scanner (Toshiba Medical Systems
Corporation, Tokyo, Japan) with a voxel size of 0.62 mm x
0.62 mm x 0.3 mm. While the bony attachments of the
adult trapezius have been studied in detail, no studies to
our knowledge have characterized the attachments of the
infant trapezius with respect to the progressive ossification
of bones such as the scapula and clavicle. Next, each cadav-
er was stabilized in a prone position with the scapulae fixed
in a neutral position against the rib cage. In the adult spec-
imen, both humeri were in anatomical positon, while in
the infant the right humerus was slightly abducted (<30°).
Only the right trapezius was studied in the infant specimen
due to positional limitations of the left upper extremity
resulting from the tissue fixation process; both the left and
right trapezius were analyzed in the adult specimen.

The skin and subcutaneous tissues were carefully
removed to expose each trapezius muscle in its entirety.
Beginning on the superficial surface of the trapezius, each
FB was meticulously delineated in situ between its lateral
and medial attachment sites (Figure 1). FBs were digitized
in 3-5 mm increments, from origin to insertion, using a
MicroScribe® G digitizer (Immersion Corp.; San Jose, CA,
USA). Digitized FBs were then removed to reveal under-
lying FBs, and the process of serial digitization and dissec-
tion was repeated through the entire volume of the mus-
cle. The surfaces of aponeuroses that provided attachment
for FBs to bone were digitized in a grid pattern as they
were exposed during dissection. The resultant point cloud
data were segmented into the three functional partitions of
the trapezius based on individual FB attachments to later-
al bony landmarks examined in 3D: ascending partition—
FBs with lateral attachment to the base of the scapular
spine (end of the deltoid tubercle); transverse partition—
FBs with lateral attachment to the scapular spine or
acromion; and descending partition—FBs with lateral
attachment to the clavicle. Subsequently, the data were
reconstructed as 3D models of the connective and con-
tractile elements of each trapezius using Autodesk” Maya®
2019 (Autodesk Inc.; San Rafael, CA, USA).

Digitized data were imported into a custom program
developed in the laboratory to quantify FBL, FBL range,
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Figure 1. Dissection photographs of fiber bundles in the ascending partition of the infant (a) and adult (b) specimens. The green line shows the
spinous processes of the thoracic vertebrae. Apo: Aponeurosis; FBs: fiber bundles.

muscle volume (MV), and physiological cross-sectional
area (PCSA) for each functional partition according to the
method described in Lee et al.” Each muscle parameter is
defined as follows: (a) FBL: the length of a single FB
between its attachment sites and is a measure of excursion;
(b) MV: the volume of a muscle or partitions thereof and is
a component of PCSA; and (c) PCSA: MV accounting for
the internal architecture of a muscle and represents relative
force generating capability of a muscle or a functional par-
tition. Proportional values were also calculated for PCSA
and MV (% of whole muscle) and FBL range (% of whole
muscle range) to facilitate comparison between muscles.

Descriptive statistics (mean, standard deviation, range)
were calculated for FBL. One-way analysis of variance
(ANOVA) was conducted to assess significant differences
in FBL between functional partitions for each trapezius.
All statistical analyses were conducted in SPSS® Statistics
v.26.0 (IBM®; Armonk, NY, USA) using a significance
level of a=0.05. If a one-way ANOVA demonstrated sta-
tistical significance, data were tested for normality and
homogeneity of variance and appropriate post-hoc inde-
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pendent-samples t-tests were used to explore differences.
Significance levels were adjusted using the Bonferroni
correction where appropriate. Relative PCSA and MV for
each partition were compared between the infant and
adult muscles.

Results

Contractile tissues of the trapezius in the infant and adult
spanned between wide, flat connective tissue elements
(i.e., aponeuroses) both medially and laterally. These
aponeuroses were more extensive in the adult, attaching
medially to the thoracic spinous processes, nuchal liga-
ment, and superior nuchal line and laterally to the scapu-
lar spine, acromion, and lateral part of the clavicle. In the
infant these tissues were less developed, and some bony
features were still cartilaginous, as seen in the CT scans
onto which the infant trapezius model was superimposed
(Figure 2). We also found a rhomboidal aponeurosis
extending inferomedially from the base of the scapular
spine in both the infant and adult specimens.
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Figure 2. Three-dimensional models of the infant and adult trapezius rendered in Autodesk® Maya® from the digitized cadaveric data. (a) Right infant
trapezius registered onto computerized tomography-scanned skeletal and cartilaginous elements; (b) right infant trapezius; and (c) right adult trapezius.

Infant Trapezius Architecture

The infant trapezius had a mean FBL of 37.64+6.72 mm.
Each functional partition (descending, transverse, and
ascending) exhibited distinct morphometric characteris-
tics (Figure 3). The ascending partition had the largest
range of FBLs and the transverse partition had the short-
est average FBL (Table 1).

A one-way ANOVA revealed significant differences in
FBL between partitions in the infant trapezius (Fesi=
58.700, p<0.001). Post hoc independent-samples t-tests
indicated that the mean FBL in the transverse partition was
significantly smaller than in both the descending partition
(t=13.096, p<0.001; 95% confidence interval [CI]:
6.23-8.43) and the ascending partition (t=7.594, p<0.001;
95% CI: 5.07-8.63). There was no significant difference
between the descending and ascending FBL (p=0.601).

The PCSA for the infant trapezius was 147.88 mm’
and the MV was 7.51 cm’ (Table 1). In the infant, the
proportional PCSA and MV values differed markedly in
the descending and transverse partitions. Conversely, the
transverse partition had a the largest proportional PCSA,

but a similar MV to the descending partition. The relative
PCSA and MV in the ascending partition were almost
identical (Figure 4).

Adult Trapezius Architecture

The left adult trapezius had a mean FBL of 93.06+25.01
mm. As with the infant, functional partitions of the adult
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Figure 3. Infant trapezius: fiber bundle lengths. Each point represents
the length of one fiber bundle in the whole muscle and each functional
partition. The vertical black line indicates the mean fiber bundle length.
Additional numerical details are provided in Table 1.
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Table 1
Architectural parameters: infant trapezius.

Mean FBL+SD FBL range % Whole PCSA % Whole Mv % Whole
Muscle partition n (mm) (Min.-max.) FBL range (mm?) PCSA (cmd) MV
Whole 314 37.64+6.72 25.04-58.98 - 147.88 - 7.51
Descending 71 41.14+3.46 36.65-53.25 48.91% 31.89 21.25% 2.90 38.66%
Transverse 144 33.82+4.53 25.04-44.41 57.08% 85.11 57.56% 2.98 39.68%
Ascending 99 40.66+8.15 30.28-58.98 84.55% 31.34 21.19% 1.63 21.65%

FBL: fiber bundle length; MV: muscle volume; n: number of fiber bundles; PCSA: physiological cross-sectional area; SD: standard deviation.

21.50% 38.86%

21.13% 21.58%
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Figure 4. Infant trapezius: proportional physiological cross-sectional
area and muscle volume. This figure illustrates the proportional physio-
logical cross-sectional area (labeled: PCSA) and muscle volume (labeled:
Volume) for each functional partition of the right infant trapezius. The
percentage of whole muscle values are printed around each chart in the
corresponding color for each partition. Additional numerical details are
provided in Table 1.

trapezius muscles were morphometrically distinct (Figure
5). The ascending partition included both the shortest and
longest FBLs in the muscle while the transverse partition
had both the shortest mean FBL and the smallest range of
FBLs (Table 2).

Whole
Descending 4
Transverse-

Ascending

0
a Fiber bundle length (mm)

The right trapezius was slightly smaller than the left
but had a similar range of FBLs. The mean FBLs for each
partition exhibited a similar pattern to those in left trapez-
ius. As found in the left trapezius, the ascending partition
of the right trapezius also included 100% of the range of
FBLs documented in the whole muscle (Table 2).

One-way ANOVAs for both left and right adult mus-
cles indicated significant differences between partitions
(left: Feo9=193.034, p<0.001; right: Fo.1445=204.834,
p<0.001). Post hoc independent-samples t-tests of the left
trapezius revealed that the mean FBL in the transverse par-
tition was significantly smaller than in the descending par-
tition (t=20.157, p<0.001; 95% CI: 24.10-29.32) and in the
ascending partition (t=15.634, p<0.001; 95% CI: 23.05-
29.68). Average FBLs in the ascending and descending
partitions were not significantly different in the left trapez-
ius (p=0.864). Analyses of the right trapezius revealed the
same differences between the descending and transverse
mean FBLs (t=18.779, p<0.001; 95% CI: 18.73-23.13) as
well as between the ascending and transverse mean FBLs
(t=17.849, p<0.001; 95% CI: 24.29-30.30); however, the
ascending and descending partition average FBLs were
also significantly different (t=3.486, p=0.001; 95% CI: 2.78—
9.95).

Whole
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Fiber bundle length (mm)

Figure 5. Adult trapezius: fiber bundle lengths. Each point represents the length of one fiber bundle in the whole muscle and each functional par-
tition of the left trapezius (a) and right trapezius (b). The vertical black line indicates the mean fiber bundle length. Additional numerical details are

provided in Table 2.
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Table 2
Architectural parameters: adult trapezius.

Mean FBL+SD FBL range % Whole PCSA % Whole MV % Whole
Muscle partition n (mm) (Min.-max.) FBL range (mm?) PCSA (cm?) MV
Whole: Left 1001 93.06+25.01 34.12-175.23 - 811.77 - 79.48 -
Descending 164 105.60+15.83 78.90-150.80 50.95% 95.25 11.73% 11.15 14.03%
Transverse 465 78.89+10.30 37.34-103.16 46.64% 408.12 50.28% 33.21 41.78%
Ascending 372 105.25+31.19 34.12-175.23 100.00% 308.40 37.99% 35.13 44.20%
Whole: Right 1448 73.75+27.90 34.97-168.80 - 874.13 - 73.34 -
Descending 157 81.14+13.25 56.36-114.66 43.56% 94.58 10.82% 13.01 17.73%
Transverse 693 60.21+£9.26 41.93-85.87 32.83% 481.41 55.07% 31.30 42.68%
Ascending 598 87.50+36.40 34.97-168.80 100.00% 298.13 34.11% 29.03 39.59%
FBL: fiber bundle length; MV: muscle volume; n: number of fiber bundles; PCSA: physiological cross-sectional area; SD: standard deviation.
The PCSAs for the left and right adult trapezius mus- 11.73% 14.03%

cle were 811.77 and 874.13 mm’, respectively (Table 2).
In both adult muscles, the transverse partitions accounted
for over half of the whole muscle PCSA while the propor-
tional MVs of this partition were slightly lower. In con-
trast, the proportional PCSA was lower than the propor-
tional MV in both the descending and ascending parti-
tions (Figure 6).

Morphometric Comparison

On the surface, the infant and adult trapezius were fairly
similar in terms of shape and attachment to skeletal ele-
ments. Some bony elements (e.g., acromion) were not yet
fully developed in the infant and were instead cartilagi-
nous in composition. Morphometrically, the variability in
FBL throughout the muscle, and within each functional
partition, was comparable between the infant and adult
muscles. The FBL range in the descending partitions were
just under half of the whole muscle range (48.91% in the
infant vs 47.26% in the adult). The ascending partitions
had the largest range of FBLs in both the infant and adult
muscles, while the transverse partitions had the smallest
range of FBLs (Table 3).

The trapezius in infancy and adulthood exhibited sev-
eral other notable disparities. The infant trapezius MV
was about one tenth that of the adult trapezius. MV was
evenly distributed between the descending and transverse
partitions in the infant, with the ascending partition being
markedly smaller. In the adult, nearly 85% of the MV was
divided between the transverse and ascending partitions,
while the descending partition was strikingly smaller
(Table 3).

Compared to the infant trapezius PCSA, the average
adult muscle PCSA was 5.7 times greater. The transverse

37.99%
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Figure 6. Adult trapezius: proportional physiological cross-sectional
area and muscle volume. This figure illustrates the proportional physio-
logical cross-sectional area (labeled: PCSA) and muscle volume (labeled:
Volume) for each functional partition of the left and right adult trapez-
ius. The percentage of whole muscle values are printed around each
chart in the corresponding color for each partition. Additional numerical
details are provided in Table 2.

partitions of the infant and adult muscles were proportion-
ally similar, accounting for just over half of the whole mus-
cle PCSA. In the infant, PCSA was equally distributed
between the ascending and descending partitions; on the
contrary, the ascending partition PCSA in the adult was
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Table 3
Morphometric changes: infancy to adulthood.

% Whole FBL range % Whole PCSA % Whole MV
Muscle partition Infant Adult Infant Adult Infant Adult
Descending 48.91% 47.26% 21.25% 11.28% 38.66% 15.88%
Transverse 57.08% 39.74% 57.56% 52.68% 39.68% 42.23%
Ascending 84.55% 100% 21.19% 36.05% 21.65% 41.90%

FBL: fiber bundle length; MV: muscle volume; PCSA: physiological cross-sectional area.

approximately three times greater than that of the descend-
ing partition (Table 3).

The proportional adult MV and PCSA were compara-
ble, with a slightly higher MV than PCSA in the descend-
ing and ascending partitions and vice versa in the trans-
verse partition. Proportional MV and PCSA in the infant
trapezius partitions were noticeably incongruent. For
example, while the descending and transverse partitions
had almost identical proportional MVs, the PCSA in the
transverse partition was over 170% greater than the
descending partition PCSA.

Discussion

"T'o the best of our knowledge, this is the first study to doc-
ument and quantify the comprehensive 3D architecture
throughout the muscle volume of the infant and adult
trapezius. The preliminary results presented in this paper
offer an unprecedented level of precision and detail
regarding the trapezius muscle. Likewise, our findings
support the long-held pediatric dogma that, from the per-
spective of muscle architecture, “children are not little
adults”.

Trapezius Morphology

One of the major confounds in musculoskeletal literature
involving trapezius is a lack of consensus regarding the
precise definitions of anatomical or functional partitions
within the muscle. While most sources divide trapezius
into three partitions—ascending, transverse, and descend-
ing—there are inconsistencies in how each partition is
defined. In particular, FBs that attach laterally to the
medial border of the acromion are variably included in
either the descending partition”” or the transverse parti-
tion.”**” Several electromyographical studies have divided
trapezius into four partitions;***” however, there is cur-
rently no clear evidence to support this further subdivi-
sion. The partitioning of trapezius is believed to have been
derived from non-human literature,” further substantiat-
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ing the need for detailed studies of this muscle in humans.
As a result, it is currently challenging to compare between
studies in which different criteria have been used to parti-
tion trapezius.

The broad morphological characteristics of trapezius
observed in this study are mostly in agreement with those
presented in the existing cadaveric literature. Similar to
Kamibayashi and Richmond,"” we observed that the FBs
throughout the muscle volume span the full width of the
muscle, from medial origin to lateral insertion. We also
noted a similar expansive aponeurosis extending laterally
from the spinous processes in the transverse partition;
however, in the infant there were no markedly shorter FBs
present in the deep transverse partition, and it lacked the
substantial thickness seen in the adult. The common
aponeurotic tendon attaching to the base of the scapular
spine was consistent with that described by Johnson et
al."” We observed that all FBs in the ascending partition
of both the infant and adult trapezius inserted onto this
rhomboidal aponeurosis, in contrast to Johnston et al."” in
which this aponeurosis was described as the lateral attach-
ment only for fascicles originating from T2 through T5.
Similar levels of qualitative detail regarding trapezius
morphometry were not reported in other cadaveric litera-
ture, and we did not find any non-adult cadaveric studies
including trapezius.

Muscle Architecture

We also compared the quantitative results of our pilot
study to existing adult literature; there were no quantita-
tive studies of pediatric trapezius architecture with which
to compare our findings. Of the four cadaveric studies of
adult trapezius architecture that included numerical
data,"""”" only one presented data divided into three dis-
tinct muscle partitions. In general, the proportional rela-
tionships reported by Kamibayashi and Richmond"” are
similar to those in our adult cadaver: the ascending parti-
tion had the largest average FBL of the three partitions
(right muscle only in the current study)—including both
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the shortest and longest FBLs recorded in the whole mus-
cle, the descending partition PCSA was the smallest, and
the transverse partition PCSA was the largest. In the cur-
rent study, the FBL values were slightly smaller (e.g., over-
all FBL range of 34.12-175.23 mm compared to
56.0-225.0 mm [converted from cm]), as were the PCSA
values. These differences may be attributable to numerous
factors including donor height and weight, measurement
methodology, and FB sampling. In the current study,
every FB throughout the muscle volume is included in the
dataset, compared to a mere 5-20 FBs pseudo-randomly
sampled from each muscle.

A more extensive literature has been published on the
adult trapezius using iz vivo magnetic resonance imaging
and ultrasound; however, the majority of these studies are
focused on pathological conditions and rarely include val-
ues for baseline or asymptomatic trapezius architectural
parameters. Those that do typically report parameters
with limited functional value—such as muscle thick-
ness," " MV,"" or anatomical cross-sectional area (i.e.,
measured in standard anatomical planes)'*"""'—as
opposed to FBL or PCSA. Compared to the adult MVs
calculated in the current study, the trapezius MVs report-
ed by Li et al."" from serial MRI scans were much larger,
ranging from 170-530 cm’; however, this is consistent
with a study that reported MV estimated from MRI were
an average of 64% larger than those estimated from cadav-
eric dissection.”” Nonetheless, studies suggest that FBL
does not change as long as tissue is fixed while remaining
intact with bony attachments™ and that relative or pro-
portionate values for PCSA are consistent between com-
puted tomography images and cadaveric data.”™

Functional Implications

Pre-natal data, such as those reported by Badura et al.,”
provide insight into fetal muscle developmental trajecto-
ries. Nevertheless, pre-natal muscle growth is not influ-
enced by the same types of external forces and functional
demands present during post-natal development and
adulthood. The morphometric differences between the
infant and adult trapezius muscles documented in this
study suggest that external forces and functional demands
during post-natal development change the muscle archi-
tecture in favour of postural stability and functional upper
limb movement.

At six months of post-natal age, an infant is typically
able to elevate their head and chest off the ground by
extending their arms from a prone position and may begin
to maneuver themselves along the floor with their arms
and legs.”" These developmental milestones are consistent

with the patterns of PCSA (relative force generating capa-
bility) observed within the infant trapezius: the transverse
partition-which functionally is associated with scapular
retraction and, to a lesser extent, depression—accounts for
over half of the whole muscle PCSA. These scapular
movements are integral to the sequential activity of raising
the head and chest in a prone position using the upper
limbs. Without scapular retraction and depression, this
functional task would not be possible.

The remaining PCSA is equally distributed between
the ascending and descending partitions of the trapezius,
in stark contrast to the approximate 3:1 ratio seen in the
adult. This may be explained by the considerable increas-
es in muscle tone required during the development of vol-
untary head and neck movement during early infancy,
such as the head thrust movement required for productive
breastfeeding. When the scapulae are stabilized, the
descending partition of trapezius assists with head/neck
extension, ipsilateral flexion, and contralateral rotation.””
In the adult, the ascending partition may have greater
force generating capabilities due to functional demands
associated with upright posture and positioning of the
upper limb; in contrast, the descending partition may
remain more functionally analogous to that of the infant
in terms of gross motor activity, resulting in the unbal-
anced PCSA ratio observed in the adult.

Furthermore, electromyographical studies of the adult
trapezius have reported that “the greatest activity in
trapezius appears during abduction of the limb and chiefly
in the lower two-thirds of the muscle”."” This is in keep-
ing with our findings that the ascending and transverse
partitions jointly contained nearly 90% of the whole mus-
cle PCSA and 85% of the whole MV.

Limitations and Strengths

The most notable limitation of this study is the small sam-
ple size: one infant and one adult. This is largely attribut-
able to strict regulations regarding non-adult body dona-
tion resulting in a dearth of cadaveric data during key
developmental timepoints. Adult data is more widely
available; however, due to the preliminary nature of this
study we chose to include data from a single female adult
cadaver for the purposes of comparison. Moreover, previ-
ous cadaveric studies conducted in our laboratory using
similar digitization techniques, including preliminary data
collected from adult trapezius muscles,"” have reported
consistent patterns of muscle architecture between speci-
mens."”*" It is also worth noting the limitation presented
by the use of embalmed cadaveric specimens. Neither tis-
sue properties nor architectural parameters are directly
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comparable between cadaveric and i vivo imaging stud-
ies;"" however, the use of proportional values will help
facilitate comparisons between the data presented in this
study and future in vivo studies.”

Despite a small sample size, we strongly believe that
these preliminary results warrant further investigation
into the changing morphometry of trapezius throughout
post-natal development and adulthood. While longitudi-
nal studies are not possible in cadaveric research, patterns
of morphometry between specimens at different develop-
mental timepoints have the potential to provide valuable
insights into how muscles adapt to functional demands
and how structure is associated with pathologic condi-
tions. Likewise, a better understanding of the underlying
anatomy of trapezius will provide an essential foundation
upon which to create new imaging protocols for the col-
lection of in wvivo longitudinal developmental data.””
Future studies should focus on collecting detailed anatom-
ical data to better understand the internal structure of
trapezius, ideally from a range of development timepoints.

Conclusion

This is the first pilot study to digitize and quantify the
complete 3D architecture of the infant and adult trapezius
and offer preliminary evidence of how the morphology
and architecture of trapezius differ between infancy and
adulthood. Literature describing the detailed anatomy of
trapezius is sparse, particularly before adulthood, leaving a
notable gap in our understanding of how structure informs
function during post-natal development. Future longitudi-
nal studies should build upon the findings presented in this
paper to document the post-natal developmental trajecto-
ry of trapezius using i vivo imaging techniques.
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