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Abstract

Force generated within a muscle-tendon unit (either
through muscle activation or stretch) is commonly thought to
be transmitted serially from one structure to the next, referred
to as myotendinous force transmission. However, there exist
alternate pathways that employ intramuscular and intermuscular
connective tissues to transmit force laterally, referred to as
lateral force transmission (LFT). The extensiveness of LFT
and the mechanisms responsible for it are poorly understood.
Lateral force transmission was investigated in normal and
partially compromised passive skeletal muscle systems to
determine the fraction of total system force that can be
transferred laterally and to investigate possible mechanisms
contributing to LFT. Chicken peroneus longus (PL)/middle
gastrocnemius (MG)/fascia complexes were isolated taking
care to maintain their normal connection to each other. They
were attached to a testing fixture that allowed removal and
reattachment of the distal end of the muscles. Tensile tests
were conducted under three levels of tenotomy (i.e. both
muscles attached, only PL attached, only MG attached) and
three levels of fasciotomy (100%, 66% and 33% intact). LFT
between muscles was sizeable and showed directionality (32%
of the force applied distally to the MG muscle was transferred
laterally to the PL muscle while only 16% of the force applied
distally to the PL was transferred laterally to the MG). There
was poor correlation between LFT and the ratio of muscle
elastic moduli. The contact area between muscles and the ratio
of fascia to muscle elastic moduli were the greatest contributors to
LFT.
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Introduction

Muscle-tendon research is critical for advancing preventative,
surgical and rehabilitative techniques in orthopedic and sports
medicine. As muscle-tendon injuries are prevalent among
recreational and competitive athletes and treatments thereof are
largely qualitative in nature, basic research contributing to the
collective understanding of these complex structures and their
interactions is needed.

Force generated within a muscle-tendon unit (either through
muscle activation or stretch) is commonly thought to be
transmitted serially from one structure to the next [1-3]. However,
alternate pathways exist that employ intra- and intermuscular
connective tissues to transmit force laterally (lateral force
transmission, LFT) [4-11]. The extensiveness of LFT and the
mechanisms responsible for it are poorly understood, but anatomical
and clinical evidence indicates the importance of LFT.

Although structural arrangement of tissues at the
musculotendinous junction is highly specialized for force
transmission [12], muscular force transmission does not occur
exclusively at this site. Many muscles contain “non-spanning”
fibers which terminate within the muscle, and this architecture
indicates substantial mechanical coupling to allow transmission of
force from these fiber ends through the intramuscular connective
tissue and/or the common connective tissue sheath that wraps
the distal tendons.
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The mechanical redundancy and architectural complexity
[6, 10, 13, 14] of muscle systems leads to difficulty in
predicting their behavior. Although the anatomical path between
origin and insertion of a muscle-tendon system tends to dictate
the primary action of the muscle, research has shown that
despite changes in insertion site, muscle function is not completely
altered [15, 16]. The rectus femoris (RF) muscle can continue
to generate an extensor moment at the knee despite repositioning
its distal tendon to a site posterior to the joint axis. These
results indicate that lateral force transmission between the
proximal portion of the RF muscle and the other knee
extensors must exist. Clinically, RF tendon transfer tends to be
a successful means of reducing knee extensor spasticity, but
such a discrepancy in the actual and expected RF moments are
cause for further investigation. Selection criteria to appropriately
characterize donor muscles for tendon transfer surgeries are
based on individual architectural characteristics [7], but the
functional outcome of muscle transfers depend on more than
simply the architecture of the individual muscles themselves,
and further understanding of the interface between them is
required.

In the current study, lateral force transmission was investigated
in normal and partially compromised muscle systems to identify
factors contributing to LFT and to quantify the fraction of total
system force that can be transferred laterally. We hypothesized
that the extent of LFT would depend on the relative elastic
moduli of the muscles and fascia and the extent of the fascia
connecting the muscles. Specifically, LFT was quantified in a
passive two-synergist chicken muscle system for various
tenotomy and fasciotomy conditions.

Research Objectives

1. Quantify the magnitude of LFT that can occur between
passive muscles using a chicken model, specifically the
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chicken peroneus longus/middle gastrocnemius/fascia
complex.

2. Test the hypothesis that LFT depends on the relative
elastic moduli of the muscles and fascia and the extent of
fascia connecting the muscles.

Materials and Methods

The peroneus longus (PL) and middle head of the
gastrocnemius (MG) muscles of the chicken (N=6) were selected
for their similarity in size and architecture (e.g. resting lengths,
cross-sectional areas, and fascicle orientation), and for the
fascia that connects them along 60-80% of their muscle belly
lengths. This fascia is delicate in appearance and therefore should
provide a conservative estimate of the magnitude of LFT that
may occur between muscle complexes having more extensive
fascia. The chicken PL and MG have similar overall size, but
they have roughly a 3-fold difference in their elastic moduli so
this muscle complex was deemed appropriate for testing the
stated hypothesis. The PL was left intact at its origin on the
patella and proximal aspect of the tibia, and the MG was
severed from its origin on the distolateral aspect of the femur
to facilitate attachment to a force transducer. The distal
tendons were severed from their insertions (PL inserts on the
tendon of the digital flexors, and MG inserts on the
tarsometatarsus of the foot) as distally as possible. The muscles
and associated fascia were dissected from surrounding tissues,
taking care to maintain their normal connection to each other,
and fixed to the testing apparatus (Figure 1). The testing
apparatus did not maintain the exact three-dimensional in-vivo
orientation of the two muscles, however, the general spacing
and alignment of the muscles was similar to in-vivo conditions
(Figure 1) and adequate for testing the stated objectives. The
two muscles wrap around a bone in-vivo, but for testing
purposes the muscles were supported on a plexiglass plate
creating a planar orientation of the muscles.

Peroneus Longus

¥ Middle Head Gastrocnemius
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Figure 1: Illustration of the peroneus longus (PL) and middle gastrocnemius (MG) orientation within the leg (A) and as attached to
the testing frame (B). Markers shown on the muscles were used for reference purposes. The proximal MG marker in (A) was removed
during clamping because it was located within the clamping area shown in (B).

The testing apparatus consisted of modified Cambridge
Industries, Inc. series 300B lever system (modified to give
linear actuation), a plate with clamps to secure the specimen,
and an Omega Engineering load cell (model # LCCA-50, 225
N capacity). A custom pulley replaced the manufacturer’s
lever arm attached to the rotating shaft of the Cambridge
system. With this pulley, the maximum deformation allowed
by the system was 1.8 centimeters. The maximum sustainable
force was 96 Newtons. The system pulley was attached, via
flexible, non-stretch cables and a brass rod, to the clamps
holding the distal PL and MG tendons. Through this connection,
force and displacement of the distal end of the muscle complex
could be measured. A plexiglass shelf, placed under the
muscles after their fixation to the testing apparatus, supported
the weight of the muscles. The Cambridge System was controlled
and data collected using custom LabVIEW data acquisition
software (National Instruments LabVIEW version 6.1) and a
PCI-6036E analog data acquisition card. Data were collected
at 10 Hz.

The specimen was positioned to simulate a knee position
of 90 degrees of flexion as closely as possible. That is, the
natural relative positions of the patella, tibia, and muscles at
this joint angle before dissection were reproduced as closely as
allowed by the testing apparatus. The proximal end of MG
was clamped to a load cell that measured the force in the
proximal aspect of the MG. The distal tendon clamps were
adjusted to produce an initial system preload of 1N. Markers

were placed along the muscles and fascia for reference
purposes and to measure the initial length of each muscle.

Specimen information recorded included the length of the
muscles (distance between the most proximal and most distal
markers on each structure), thickness (distance from superficial
surface to deep surface), and width (distance from medial to
lateral edges) of each muscle (taken at the midpoint between
the proximal and distal ends of the muscle belly), and the
length and thickness of the fascial interface between them
(thickness measured at the distal end, where calipers could be
used to measure fascial thickness without damaging the
structure). Cross-sectional areas of the muscles were calculated as
the product of the width and thickness, and that of the fascia
was calculated as the product of its thickness and its length.
Cross-sectional area of the fascia was calculated to represent
the contact area between the muscles.

Testing consisted of preconditioning the muscle system
followed by a series of loading protocols applied to the complete
and partially compromised muscle system. The initial 1N
preload force was not regained after preconditioning as the
tissue within clamps adjusted slightly, however, within a
specimen, the force present after three minutes of recovery
from the preconditioning was the same as that observed during
the start of all subsequent tests. The preconditioning protocol
involved 50 ramp loading cycles performed at 0.5 Hz from 0-
20% strain of the PL (20%/second strain rate). The 20% strain
range was based on estimated in-vivo passive muscle length
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changes incurred during a normal range of motion. Following
preconditioning, experimental trials consisted of a ramp to the
specified deformation (20% strain in PL) at a strain rate of 1%
PL strain per second, followed by return to the initial position
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at the same rate (Figure 2). Each test was performed twice
with at least three minutes of recovery between tests. Results
from the two trials were averaged.
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Figure 2: lllustration of the force-displacement data collected during two repeat trials of the whole muscle complex. Force was
recorded at the distal end of the muscles where the tendons were clamped and pulled. Force was also recorded at the proximal
attachment of the middle gastrocnemius (MG). Between each trial the muscles were held in a slack position to allow the muscles to
recovery before the next test.

Testing was performed for intact (meaning the fascia was
totally intact between the two muscles and proximal and distal
ends of the muscles were attached to clamping devices), tenotomy,
and fasciotomy conditions. The intact test was performed first.
This was followed by two tenotomy cases in which the distal
end of one muscle-tendon unit remained attached to the clamp
and was pulled while the distal end of the other muscle-tendon
unit was released from the clamp. The two tenotomy conditions
were repeated with two fasciotomy conditions, 1/3 of the
fascia transected distally and 2/3 of the fascia transected
distally. Individual muscles were tested after complete fasciotomy.

Friction, though small, was present in the system and was
accounted for in the force analysis. Friction existed due to the
brass rod sliding through the track pulleys and from the
muscles contacting the plexiglass shelf. Friction in the pulleys
was determined by applying known weights to the brass rod
and moving the rod at a rate similar to that used in the muscle
testing. The difference between the weight and the recorded
Cambridge force was used to adjust muscle forces calculated
from the Cambridge data. During the isolated muscle tests, the
difference between the recorded Cambridge force and the
proximal muscle force was used to identify the force acting
between the muscle and the plexiglass shelf.

Data Analysis

Force-deformation data were analyzed to determine the
magnitude of LFT and stress-strain data were used to
determine the elastic moduli of the muscles and fascia. The
magnitude of the force transmitted laterally (Fier) was
measured for the tendon transection cases, in which only one
tendon was attached distally to the moveable bar- either the
PL tendon (TpL) or MG tendon (Twmg). Both muscles were
attached proximally at all times. The distally attached muscle
was referred to as the transmitter or transmitting muscle
(designated with subscript T), as a portion of the force
generated within it could be transmitted to the adjacent muscle
that was attached only proximally, referred to as the receiver
or receiving muscle (designated with subscript R). The fascia
force contribution to total distal force during the intact muscle
testing was determined by subtracting force profiles, obtained
for each muscle tested by itself after complete fasciotomy,
from the total force obtained from the total force profile
obtained during the first tests (Figure 3). Stress was calculated
by dividing the force in each structure by the structure’s cross-
sectional area. Strain was defined as the displacement of the
distal clamp divided by the initial length of the structure.
Stress-strain properties were plotted (Figure 4). The Elastic
moduli of the muscles and fascia were defined as the slope of
the last 2% of the stress-strain relationship (Figure 4).
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Figure 3: lllustration of the force-deformation behavior of the whole muscle complex and individual peroneus longus (PL) and middle
gastrocnemius (MG) muscles tested alone, and the fascia. Force-deformation data for the muscle complex and individual muscles
were obtained from the experimental testing while data for the fascia was calculated by subtracting the individual muscle forces from

the force of the entire muscle complex.
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Figure 4: The average stress-strain curves for the muscles and fascia of a representative sample. The slope of these curves over the
last 2% strain was used to determine the elastic modulus for the structure.
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Statistical Analysis

An ANOVA (o = 0.05, specimen as a random factor in the
generalized linear model) was used to analyze differences
between treatment conditions. The tendon attached, and the
fraction of fascia remaining for each case was treated as
covariates in this analysis. Tukey’s post hoc test (o = 0.05)
was used to determine between which treatment combinations
significant differences in Fprr existed.

_Fu=

LFT Relative

was derived, expressing relative LFT (FLrr/Fro) as a function
of relative contact area and material properties of the muscles
and fascia. fo, 1, S, etc. are coefficients and fascia (percent of
intermuscular fascia remaining), Er/Er, and Ef/Er (ratios of
elastic moduli of receiving and transmitting muscles, and
fascia and transmitting muscle, respectively) are the factors
determined to be statistically significant contributors to Fier,

Results

Muscle and fascia lengths, cross sectional areas and elastic
moduli are reported in (Table 1). The PL had a longer initial
length, a smaller CSA, and a greater elastic modulus than the
MG in all cases. The fascia was shorter than both muscles in
all cases, had very small CSA, and showed considerable
variance in elastic modulus.

An ANCOVA was performed to determine the relative
roles of the various factors hypothesized to contribute to LFT.
Specimen was treated as a random factor and fasciotomy level
(fraction of fascia intact), the ratio of muscle moduli (Er/Er),
and the ratio of fascia and transmitting muscle moduli (Ef/Er)
were treated as covariates. A statistical regression model of
the form

B p fascia) . B ). En

During Tey tests, Fer was equal to the force measured by
the load cell attached to the proximal end of the MG, which
was unattached at the distal end. Since only Tp_ was attached
distally, any force reaching the proximal load cell must have
been transferred laterally from PL to MG. Conversely, during
Twc tests, FLer was measured as the force difference between
the distal force measurement (Fwm) and the measured proximal
force (Feroximal). That is, any force not reaching the proximal
load cell when only the MG was attached distally must have
been transferred laterally to the PL. Fier for the various fasciotomy
and tenotomy tests were determined and normalized to total
system force measured at the distal end (Frotal) to give relative
FLer, or the fraction of total force that was transmitted laterally
(Table 2, Figure 5).

Sample Peroneus Longus Middle Gastrocnemius Fascia
Elastic Elastic Elastic
Lfcnn%;h (E::r?g Modulus LFCnng;h ((ér?g Modulus Léecnrg;h (Sr?g Modulus
(N/cm?) (N/cm?) (N/cm?)
1 8.55 1.47 165.87 7.19 2.34 44.33 5.51 0.28 193.52
2 9.50 1.73 135.44 7.10 2.92 39.64 6.93 0.35 214.14
3 8.54 1.62 215.13 7.17 2.38 55.93 6.81 0.34 13.34
4 9.20 1.77 165.06 7.34 2.64 80.65 5.39 0.27 53.74
5 8.40 2.14 166.92 7.01 3.35 58.16 6.86 0.34 156.68
6 8.84 2.01 213.55 6.72 2.45 48.26 5.57 0.28 83.09
Average 8.84 1.79 177.00 7.09 2.68 54.49 6.18 0.31 119.08
Std. Error 0.18 0.10 12.76 0.09 0.16 5.95 0.31 0.02 33.03

Table 1: Summary of muscle and fascia geometry and elastic modulus for 6 samples.

Individual muscle information from isolated testing (adjusted for force degradation), fascia force calculated by subtraction. Cross-
sectional area (CSA) equal to product of width and thickness of each muscle. CSA for fascia equal to product of length and thickness,
representing fascia-muscle contact area. Elastic Modulus equal to slope of stress-strain curve over last 2% strain of specific structure.

Sample TeLIntact TrLFasl TeLFas2 Twmclntact TwmcFasl TwmcFas2
1 0.19 0.14 0.10 0.30 0.22 0.09
2 0.26 0.22 0.13 0.35 0.29 0.25
3 0.16 0.08 0.08 0.14 0.14 0.04
4 0.25 0.11 0.07 0.10 0.07 0.07
5 0.17 0.19 0.09 0.23 0.12 0.09
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6 0.16 0.17 0.12 0.16 0.09 0.08
Average 0.16 0.12 0.08 0.32 0.27 0.22
Std. Error. 0.05 0.05 0.02 0.10 0.09 0.07

Table 2: Lateral Force Transmission normalized with respect to total distal force (FLrr/Frotar).

‘Intact’, ‘Fasl’, and ‘Fas2’ represent complete fascia
intact, 66% of the fascia intact and 33% of the fascia intact
respectively. ‘Tp.’ and ‘Twme’ indicate the tendon attached
during the test, either the peroneus longus (PL) or the middle
gastrocnemius (MG).

Tenotomy and fasciotomy had significant effects (P<0.05)
on the extent of relative LFT in this muscle system. Tukey’s
post hoc test revealed that each level of tenotomy and

fasciotomy was significantly different from every other
condition (p < 0.05, Figure 5). That is, the differences in
relative LFT for each of the fasciotomy levels was greater than
could be expected by random error after accounting for
differences attributed to which muscle was attached/unattached
distally. There was not a significant interaction between tenotomy
and fasciotomy (p = 0.728). That is, the effect of one factor
was not dependent on the level of the other.
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Figure 5: Illustration of the force transmitted laterally (FLer), normalized with respect to the total force measured at the distal end
(Frotat), as a function of progressive fascia removal for when the Peroneus Longus (PL) tendon was attached to the distal clamp
(triangle symbols) and for when the Middle Gastrocnemius (MG) tendon was attached to the distal clamp. Error bars represent the
standard error of the mean for each set of tests.

We hypothesized that the relative elastic moduli of the
fascia and muscles affects the magnitude of LFT. To test this
idea the elastic modulus of the individual muscles (Table 1)
was determined and the association of Fier to the ratio of the
elastic modulus of the receiving muscle to that of the
transmitting muscle (Er/Et) was examined. For the Tp_
fasciotomy conditions, relative Firr tended to decrease as
elastic modulus ratio (modulus of the MG receiving muscle
divided by modulus of PL transmitting muscle, Er/Er)
increased (Figure 6), but the elastic modulus ratio explained
only a fraction of relative F et (R? < 0.33). For the Twug intact
and fasciotomy cases, in which the receiving muscle was
stiffer than the transmitting muscle, relative Fer increased
slightly with increasing Er/E~ ratio, but Er/Er ratio explained
only a fraction of relative FLer (R? < 0.06). As the ratio of
receiving modulus to transmitting modulus approached 1.0

(properties more similar), percent of total force transmitted
laterally tended to decrease. None of these regressions (relative
FLer with respect to Er/Et) were significant (all p > 0.05).

The effects of the material properties of the fascia were
also considered. As the elastic modulus of the fascia increased
relative to that of the transmitting muscle, the fraction of the
total force that could be transmitted through the interface
increased (Figure 7). The effects the Ef/Er ratio had on
relative Firr were similar (indicated by similar slopes of trend
lines, Figure 7), regardless of the muscle-tendon unit that was
attached distally. The relationship between relative Firr and
Er/Er was statistically significant (p < 0.001), with 21-95% of
the variability in Firr/Frow accounted for by variability in
Er/Er.
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The influences of three covariates (fasciotomy level
(“fascia”), ratio of elastic moduli of the muscles (Er/Et), and
ratio of elastic moduli of the fascia and transmitting muscle
(EF/ Er)) were evaluated by ANCOVA to determine the
relative importance to the magnitude of relative Fprr. Variation
in the six specimens was accounted for by designating specimen
as a random factor in this analysis. Over the range of values
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observed in this study, the quantity of the fascia interface and
the relative moduli of the fascia and transmitting muscle had
the greatest effect on FLer/From. Although the effect of Er/Er
was significant, the effect of this variable on Firr/Frow was
lower than the other two factors. The statistical model (Eq. 1)
accounts for all but 17% of the variation in the empirical data
(R?=0.83).
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Figure 6: Illustration of the laterally transferred force (FLrr) normalized with respect to the total force measured at the distal end
(Frotar) expressed as a function of the ratio of elastic moduli of the receiving (Egr) and transmitting (Et) muscles (either the Peroneus
Longus modulus (EpL) or Middle Gastrocnemius modulus (Emg)). Results show very poor correlation between the elastic moduli ratio
and the extent of lateral force transmission (R? values less than 0.33 for all conditions). ‘Int’, ‘Fas1’, and ‘Fas2’ represent intact fascia,
1/3 fasciotomy, and 2/3 fasciotomy, respectively.
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Figure 7: Hlustration of the laterally transferred force (FLer) normalized with respect to the total force measured at the distal end
(Frotar) xpressed as a function of the ratio of elastic moduli of the fascia (Ef) and transmitting (Et) muscle (either the Peroneus
Longus modulus (Ep) when the PL tendon (Te.) was attached or the Middle Gastrocnemius modulus (Emg) when the MG tendon
(Twmc) was attached). The relationship between relative Frr and Er/Et was statistically significant (p < 0.001), with 21-95% of the
variability in FLrr/Fro accounted for by variability in Ef/Er. ‘Int’, ‘Fas1’, and ‘Fas2’ represent intact fascia, 1/3 fasciotomy, and 2/3
fasciotomy, respectively.

Discussion

The use of chicken muscles in this study provided a cost
effective and convenient model for studying LFT between
passive muscles. Data from chicken muscles were useful for
comparing to related studies performed on rat muscles [5, 7-
9]. Chicken specimens were obtained through a commercial
distributor and though animal histories (living conditions, age
of animals, diet, activity level, etc.) were unknown, it was
assumed that the population was homogeneous in these aspects
and that the time from termination of the animals to testing
was similar for all specimens.

Efforts were made to mimic the in-vivo anatomical
organization and orientation of the chicken muscles during
testing. However, to accommaodate the testing apparatus, there
were some differences in the relative positions of the structures.
The muscles typically reside on a curved bony surface in-vivo,
however, the muscles were placed on a flat surface during
testing. Separation of natural attachments and fixing tissues to
the testing apparatus may have generated transverse forces
within the system that were not present in-vivo and not
detected by the sensors. Reproducing the exact in-vivo conditions
was not deemed necessary to achieve the stated objectives.

The intermuscular interface was hypothesized to be a
significant force transmission pathway, and data indicate that
as the interface is removed, the capacity for lateral force
transmission indeed decreases significantly. Both the muscle-
tendon unit attached at the distal end and the amount of
remaining fascia intact were significant contributors to the
magnitude of LFT in this muscle preparation. Although there
is a high degree of variability in the data, generally, as the
intermuscular connections facilitating LFT were removed
(from Intact to Fasciotomy 1 to Fasciotomy 2 tests), LFT was
diminished. This is consistent with findings that show increases in
passive force measured in the rat extensor digitorum longus
(EDL) with increasing relative muscle position [18]. It seems
that, despite its apparently delicate nature, intramuscular [19]
intermuscular connective tissue, as studied here, can transmit
considerable force.

Similar to findings from active rat EDL muscles [5],
lateral force transmission was less affected in this study by
tenotomy than fasciotomy. Huijing et. al. observed a 16%
decrement in active force with tenotomy of approximately 55
% of the active muscle mass. Though the actual force
developed by the 45% of EDL muscle mass directly associated
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with the one attached digit tendon was not measured in the
Huijing et al., study, it is reasonable to assume that nearly
40% of the force developed in the attached tendon resulted
from forces transferred laterally. This compares to the 16 % to
32% force transmitted laterally in this study (depending on
which muscle was detached). Huijing et al. observed an additional
36 % decrement in tendon force following removal of 2/3 of
the fascia between the active muscles. We found that lateral
force transmission decreased by 8-10 % as 2/3 of the fascia
was transected between passive muscles. It would be interesting to
perform tests similar to those described here on both passive
and active muscle systems to determine how LFT is affected by
the active state of the muscles. Muscle activation changes the
stiffness of the muscle, but it is not clear to what extent these
changes affect LFT.

The ANCOVA used to evaluate the contributions of
contact area (fraction of fascia remaining), relative material
properties of the receiving and transmitting muscles (Er/Er)
and the relative material properties of the fascia and transmitting
muscle (Ef/Et) to Frer indicated that all these factors were
significant. Relative Fier in all experimental treatment conditions
(tenotomy and fasciotomy conditions) were statistically
different from each other, with the relative properties of the
fascia to transmitting muscle, as well as the quantity of
intermuscular interface (fascia) remaining playing a greater
role than the relative properties of the receiving to transmitting
muscles.

Conclusions

1. Lateral force transmission occurs between lower leg chicken
muscles (in addition to rat and human muscles as
previously demonstrated) and is dependent not only on the
contact area between the muscles via the intermuscular fascia
(quantity of the interface), but also on the relative elastic
moduli of the connecting interface and the muscles
(quality of the interface). Between 8 and 35 % of the total
system force under various test conditions was laterally
transferred to the adjacent muscle via the intermuscular
interface.

2. In cases in which the transmitting muscle was more
compliant than the receiving muscle, the relative magnitude
of force transmitted was larger. The relative material
properties of the muscles and fascia were significant
contributors to lateral force transmission in this preparation,
and those of the fascia appear to be more important than
those of the muscles.

3. Results from this study provide further understanding of
the role of intermuscular fascia in lateral force transmission.
The small fascia can transmit considerable force, and
presumably increased fascial connections between muscles
would increase the occurrence of LFT between them. These
results provide explanation for clinical observations of
LFT following trauma and transfer procedures.
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