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ABSTRACT

Introduction: the objective of this anatomical investigation was to record the morphology of peroneus longus (PL), brevis (PB)
and tertius (PT) muscles in human cadaveric specimens.

Material and Methods: this study utilized 40 cadaveric formalin fixed lower limb  specimens. The leg region was meticulously
dissected to expose the muscle belly and their tendons to study the morphology. They were traced till their insertion in the
foot. The morphometric data were recorded by using the digital Vernier caliper.

Results: PL tendon was inserting to the first metatarsal and medial cuneiform bones in 32 specimens (80%), to the shaft of first
metatarsal in 3 cases (7.5%) and in 5 specimens, tendon got inserted into the second metatarsal (12.5%). Thirty PB specimens
(75%) had tubular morphology at the insertion and 10 specimens (25%) showed a fan or triangular shaped flattened insertion
into the fifth metatarsal. The PT was observed in all of our specimens (100%). It presented a single tendon at the site of
insertion in 28 specimens (70%), presented a flattered broad insertion (band like) in 7 specimens (17.5%). This morphology
shared a slip to the PB and in 5 specimens (12.5%), the muscle got inserted into the fourth metatarsal and gave fibrous
expansion to the extensor digitorum longus.

Conclusion: we believe that the morphological data of the peroneal muscles presented in this study are beneficial to the
plastic and reconstructive surgeries, ankle and foot surgeries during the muscle flap and correction procedures of the lower

extremity.
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Introduction

The peroneal muscles are prone for inconsistency
in their morphology and are often associated with the
additionalbands, tendons and muscles!?. Morphological
variations of peroneal muscles can be interpreted
based on their embryological and evolutionary basis®*.
The insertion of peroneal muscles can be variable as
they are still in the process of human evolution of
bipedal morphology®. The course of peroneus longus
(PL) is multifarious and this muscle can be involved
in the pathological changes of the lower leg, ankle
and foot®. It is necessary to a radiologist to know the
compound anatomy of PL muscle and its tendon to
offer the best diagnosis®. The prior knowledge of the
morphology and morphometry of the peroneal muscles
could help in avoiding the subsequent persistence of
postoperative pain and improper foot movements.
The anatomical details of PL are enlightening to the
plastic and reconstructive surgeons. Since the length
of PL tendon is inconstant and inflexible, this favors
it to be a graft for the surgical procedures’. The PL
tendon autografts are utilized in the reconstruction
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of deltoid, medial patellofemoral and anterior cruciate
ligaments®°. Lateral and superficial positioning of
the PL muscle facilitates the easy harvesting of the
muscle, which can be utilized for the reconstruction
of other defective tissue and grafting. Superior
peroneal retinaculum can be reconstructed by using
the peroneus brevis (PB) muscle. This procedure is
commonly performed in skiers™. PB is also utilized
in the surgical repair of the tendo-calcaneus®. The
peroneus tertius (PT) is exclusively found in human and
absent in hominid apes®™. PT is redirected as the 5th
tendon of the extensor digitorum longus (EDL) muscle
and it can be transplanted to replace the paralyzed
tibialis anterior muscle™.

The variability in the insertion of PT may add to the
pathophysiology of Jone’s fracture®. PT flaps can be
considered in correcting the sloppiness of the ankle
and also in the transplantation surgeries of the foot™.
The surgical reconstruction of the soft tissues at the
lower extremity are difficult due to the scarcity of
superficial fascia and the absence of muscles over the
structures like bone, tendon, nerve and vessel. Hence,
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myocutaneous flaps are raised in these concerned
surgeries. During the tendon transfer or muscle
transposition procedures, the degree of postoperative
normal function depends on the morphology of the
muscle, which is utilized as a graft. This requires some
prior knowledge about the dimensions and morphology
of the muscle and its tendon. In this context, the
objective of this anatomical study was to record the
morphometry and morphology of the PL, PB and PT muscles
and their tendons in embalmed adult human cadavers.

Material and Methods

This study was executed by utilizing 40 human
cadaveric formalin fixed lower limb specimens. The
present study did not segregate the specimens into
right and left side or male and female. The specimens
which exhibited the pathological changes were not
considered in the present study. The leg region was
methodically dissected to look for the morphology
of peroneal tendons and they were traced till their
insertion at the foot. The pattern of their insertions,
muscle length and tendon length were carefully noted.
The width and thickness of the muscles were measured
at the origin, midpoint and musculo-tendinous
junction. The PL muscle was measured at four parts,
from 2cm below the head of fibula to musculo-
tendinous junction (AB in Fig. 1), length from musculo-
tendinous junction until the lateral malleolus (BC
in Fig. 1), from 2 cm above the lateral malleolus to the
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Figure 1. Schematic diagram showing the dimensions of PL muscle measured
at various points in this study (PL-peroneus longus; PB-peroneus brevis; LM-
lateral malleolus; PTU-peroneal tubercle; CT-cuboid tunnel; SOI-site of insertion;
AB-measurement from 2cm below the head of fibula to musculo-tendinous
junction; BC-length from musculo-tendinous junction to the lateral malleolus;
CD-dimension from 2 cm above the lateral malleolus to the peroneal tubercle;
DE-from the peroneal tubercle until the site of insertion).
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peroneal tubercle (CD in Fig. 1) and from the peroneal
tubercle until the site of insertion (DE in Fig. 1). The PB
(Fig. 2A) was measured at its belly from 4cm below the
fibular head to the musculotendinous junction (FG in
Fig. 2B), from the musculo-tendinous junction to the
superior peroneal retinaculum (GH in Fig. 2B), from the
retinaculum to the peroneal trochlea (HI in Fig. 2B) and
from the peroneal trochlea till the site of insertion (IJ
in Fig. 2B). The belly of PT was measured from its origin
to the musculotendinous junction (KL in Fig. 2B) and
the dimension from its musculo-tendinous junction till
its insertion (LM in Fig. 2B) was also measured. Various
dimensions of all the three muscles were determined
by applying the digital Vernier caliper (Mitutoyo
Corporation, Kawasaki, Japan). The present study was
approved by the ethics committee of our institution
and is performed in accordance with the ethical
standards laid down by the “Declaration of Helsinki”.

Figure 2A. Cadaveric lower limb showing the peroneus longus (PL), its course
into retro-malleolar groove and descending down across the foot and peroneus
brevis (PB) muscles; 2B. Schematic diagram showing the dimensions of PB and
peroneus tertius (PT) muscles measured at various points in this study (SPR-
superior peroneal retinaculum; SOl-site of insertion; FG-length of belly of
PB from 4 cms below the fibular head to the musculotendinous junction; GH-
measurement from the musculo-tendinous junction to the SPR; HI-from the SPR
to the peroneal trochlea; 1)-from the peroneal trochlea till the SOI; KL-length of
belly of PT from its origin till the musculotendinous junction; LM-dimension from
its musculo-tendinous junction till its SOI).

Results

Peroneus longus (PL, Figs. 2A and 3)

Among the 40 specimens, 38 (95%) had convex shape
and 2 (5%) had flat presentation at the retromalleolar
groove (Fig. 3). The sesamoid bone was present in PL
at the cuboidal tunnel in 37 (92.5%) specimens. The
insertion of PL was at the first metatarsal bone base
(Fig. 3) and medial cuneiform bone in 32 specimens
(80%), to the shaft of first metatarsal in 3 cases (7.5%)
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and in 5 specimens, tendon got inserted into the second
metatarsal (12.5%). The 3 specimens (7.5%) showed
that the lower attachment of the PL was additionally
attaching into the neck of the first metatarsal. The
tendon was plastered to the cuboid tunnel at its
tubercle through a slip in 4 specimens (10%). The mean
PL muscle length measured from 2 cm below the head
of fibula to its musculo tendinous junction was 195 *
48.22 mm, from the musculo tendinous junction to
2cm above the lateral malleolus was 130.07 + 70.8 mm.
The length from the lateral malleolus to the peroneal
trochlea was 42.18 + 2448 mm and from peroneal
trochlea to the site of insertion was 80.1+ 25.6 mm. The
mean thickness and width of PL at its origin, midpoint
and at musculotendinous junction are represented in
Table 1.

ar groove
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Peroneus brevis (PB, Fig. 2A)

The PB tendon was found below the PL tendon at the
retromalleolar groove (Fig. 2A) in all the specimens.
The flat morphology of tendon was observed in
retromalleolar groove in 32 specimens (80%) and
convex shaped tendon was observed in 8 specimens
(20%). Thirty specimens (75%) had tubular morphology
at the insertion and 10 specimens (25%) showed a fan
or triangular shaped flattened insertion into the fifth
metatarsal.

The PB muscle length was 172.02+36.6 mm, the
length from musculo-tendinous junction to the
superior peroneal retinaculum was 49.09+11.32
mm, from the superior peroneal retinaculum to the
peroneal trochlea was 56+12.67 mm and from the
peroneal trochlea to the insertion was 55.3+15.8 mm

M1

Peroneal
tendon at
insertion

Figure 3. Cadaveric lower limb showing the origin of peroneus longus (PL), its course into the retromalleolar groove and descending down across the foot in the

cuboidal tunnel and inserting with a slip to the first metatarsal bone (M1).

Table 1. Width and thickness of the peroneal muscles at different locations (n=40).

Peroneus Longus Peroneus brevis Peroneus Tertius

At origin
Width 20.52+3.86 19.554.56 2.7£0.66
Thickness 7.67+3.21 274214 0.75+0.29

Midpoint
Width 2115418 18.75£4.05 0.78£0.27
Thickness 8.36+3.31 2.7+0.78 0.66+0.21

Musculotendinous Junction
Width 18.67+£3.96 8.2+2.99 0.78+0.27
Thickness 5.95£3.12 2.920.79 0.54%0.2
Measurements are in mm, meanzSD.
Journal of Morphological Sciences Vol. 40/2023 419
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respectively. The mean width and thickness of PB at
its origin, midpoint and at musculotendinous junction
are represented in Table 1.

Peroneus tertius (PT, Fig. 4)

The PT was looking like the 5% tendon of the EDL,
as this was thinnest. It was originating from the
distal 2/3m of fibula in 20 cases (50%), 10 specimens
(25%) showed origin from the lower 1/3™ of fibula and
remaining 10 specimens (25%) showed the origin from
EDL. The PT presented a single tendon (Fig. 4A) at the
site of insertion in 28 specimens (70%), presented a
flattered broad insertion (band like) in 7 specimens
(17.5%). This morphology shared a slip to the PB (Fig.
4B) and in 5 specimens (12.5%), it was observed that
the muscle got inserted into the fourth metatarsal
and gave fibrous expansion to the EDL (Fig. 4C).

The muscle belly length of PT was 10.8+1.94 mm
and the mean tendon length measured from the
musculotendinous intersection to the insertion site
at the base of fifth metatarsal was 69.3+29.58 mm
respectively. The mean width and thickness of PT at
its origin, midpoint and at musculotendinous junction
are represented in Table 1.

The present study did not observe, third muscle in
the lateral leg compartment (0%).

Clinically Oriented Morphological Study of the Peroneal Muscles in Human Cadavers

Discussion

During the sixth week of intraembryonic life,
rudimentary portions of the peroneal muscles gets
detached from the muscles of front of leg"”. The PB
originates more proximal in the fetuses than its adult
position and eventually separates from the PL tendon”.
It was reported that, it is not uncommon to find the
third muscle in the peroneal compartment and which is
reported to have a prevalence of upto 95% in cadaveric
samples®. ‘Peroneus quartus’ is the term, which is
oftenly used to describe one or several accessory
muscles in the peroneal leg compartment?. Presence
of additional peroneal muscles could lead to crowding at
the retromalleolar groove, which eventually leads to
stretching of the superior peroneal retinaculum. This
can make the ankle unstable®. Presence of accessory
muscle may affect the PB, at the retinaculum by
compressing the tendon leading to the peroneal
pathology?®. Witvrouw et al.?” opined that, it will create
bias during the evaluation of the range of motion at
the foot and ankle. Our specimens did not reveal any
additional muscle at the lateral compartment of leg.
However, few interesting variations were observed,
which may have impact on the eversion, plantar
flexion, ankle stability and maintenance of arches of
foot. The stability of peroneal tendons can be affected
by the morphology of retromalleolar groove due to

Figure 4A. Insertion of the peroneus tertius (PT); 4B. band like insertion (flattered shape) of PT into the peroneus brevis (PB); 4C. flattered tendon of PT attached to the

fourth metatarsal (arrow) and fourth tendon of extensor digitorum longus (4).
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the changes in its shape, which result in instability
and tearing®?*. But there were no significant changes
found in our study, as we could observe only the flat
and concave shaped tendon. PL may give additional
slips to the nearby structures like the first dorsal
interosseous muscle and medial cuneiform bone?:¢.
In 12.5% of our specimens, the PL tendon got inserted
into the second metatarsal bone and in 7.5% cases, the
distal attachment of the PL was having giving an extra
slip to the neck along with the base of the first metatarsal
bone. There was adherence of PL slip to the cuboid
tunnel at its tubercle in 10% cases. It is believed that,
the type of variations observed in the present study
can cause difficulty in making a clinical diagnosis
at the first local examination of the patient?. In this
anatomical investigation, sesamoid bone was present
in PL at the cuboidal tunnel in 92.5% specimens.
According to the previous report, the sesamoid bone
named ‘os peroneum’ is present in each and every
individual (100%), however ossified only in 20% of the
cases?. The presence of os peroneum in the cuboidal
tunnel can lead to the painful syndrome, particularly
at the lateral aspect of the posterior region of foot.

Injury to the PL tendon is a common feature in young
sports person and wearing kind of peroneal tendon
tears are commonly associated. Apart from tendon
tears, the peroneal compartment is also involved in
increase in the pressure, which can cause acute pain,
paresthesia and weakness of the muscle action. On a
serious note, these compartment syndromes should
be dealt with at most care, which can require medical
and surgical intervention. It was reported that, size
of the PL dictates the type of foot and movements of
the back of foot at the coronal plane and since the
flat foot is observed in a patient with larger PL, this
determines the tendon loading during the gait*. Our
study recorded the detailed dimensions of the PL, at
different locations, which are clinically oriented. Since
the PL tendon is used a graft in the reconstruction of
anterior cruciate ligament, these morphometric data
will be enlightening to the operating surgeon. In the
ACL reconstruction, the graft size of less than 8 cm
had higher postoperative complications. The best graft
can have a minimum of 2 cm at femoral tunnel, 4 cm
inside the joint, and 2 cm at the tibial tunnel®. The
present study offers the length of PL tendon at various
locations, the data of them are enlightening to the
surgeon, while harvesting the PL tendon autograft. The
length of PL tendon is much more than the required 80
mm size of the autograft for the ACL reconstruction.
Predictive equation can be obtained by using the width
of the PL and this can help in the effective planning
of the arthroscopic ACL reconstruction®. The present
study provides the width and thickness of the PL at
various locations, the data can be utilized during the
harvesting of the graft.

The PB can be utilized to shelter the deficiencies in
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the lower third of the leg. Mathes et al.** described the
PB turnover flap, which had a richer blood supply and
sufficient tissue size. Yang et al.** confirmed that, since
PB has a greater vasculature, the reverse flap can give
the best results in comparison to other grafts. PB has a
high vascular supply with the sufficient muscle volume,
which makes it more suitable for the surgical repair and
reconstruction. The PBisalow-laying muscle, which has
no significant variation at its insertion, but gives some
slips to the nearby structures and it gets inserted to the
fifth metatarsal bone by forming a flattered structure.
Morphology of the PB tendon varies from tubular to
the flattered morphology to the base of 5" metatarsal
at its insertion. This facilitates the stabilization of the
eversion of the foot. In the present study, 75% of PB had
tubular morphology at the insertion and 25% showed
a fan or triangular shaped flattened insertion into the
fifth metatarsal. The flat morphology of tendon was
observed in retromalleolar groove in 80% specimens
and convex shaped tendon was observed in 20%. The
present study observed that, PB had an average of
27mm thickness and 87mm width at its midpoint. In the
present study, the PB muscle length was 172.02+36.6
mm, the length from the musculo-tendinous junction
to the superior peroneal retinaculum was 49.09+11.32
mm, from the superior peroneal retinaculum to the
peroneal trochlea was 56+12.67 mm and from the
peroneal trochlea to the insertion was 55.3+15.8 mm
respectively. Thus it was observed that the contractile
component of the muscle was of more length, than
its tendon. The PB muscle belly length of our study is
lesser than the data reported by Wickiewicz et al.®,
which was 230 mm. The reason may be because of
the ancestral variations and this present study is
from cadaveric samples. Wickiewicz et al.*® recorded
the length in the maximum stretched state of the
limb. The morphometric data of the PB is clinically
important as the thickening of PB tendon is an
important criterion in the diagnosis of PB tendinitis®®.
There are few radiological reports available about the
morphometry of the PB, however the same are scarce
in the cadaveric samples. In this context, the present
study offers various dimensions like width, length and
thickness of the PB muscle and its tendon separately
at different locations. This data can be considered as
the morphological database for the sample population
of our region.

The PT muscle largely contributes in stabilizing
the arches of foot during the walking. However, this
is considered to be an insignificant function and PT
can be used by the surgeons as a replacement for
the defective muscles at the lower leg. The PT, which
mostly represented as a lateral slip of the EDL*. Kimura
and Takahashi® reported an absence frequency of PT,
which was 4.8%. However, Johnson*® observed this
muscle in only 5% of their cases and they reported that,
in such cases it is replaced by an accessory muscle at
the peroneal compartment. These accessory fibular

421

Journal of Morphological Sciences Vol. 40/2023



Vadgaonkar R et al.

muscle would share the same origin and insertion
site of the PT as per Yammine*’. However, the present
study observed PT in all the specimens (100%) and we
could not observe the absence of PT in our cadaveric
study (0%). The frequency of prevalence of PT among
various population subgroups globally, is represented
in Table 2. Ramirez et al. reported that, PT is observed
in all of their specimens from Bolivian population
(100%), which can be compared to the frequency of our
study. The frequency of prevalence of PT was variable
among various population subgroups (Table 2) as the
ancestral variations seemed to exist. Hansen Jr et al.*
reported that, some of the origin and insertion site
variations of PT, such as the tendon slip which inserts
into the 4™ metatarsal would also get inserted into
the 5% metatarsal, with a broad fan shaped slip. This
morphology was seen in the present investigation as
well (Figs. 4B and 4C). Sometimes, the tendon may
also get inserted into the proximal part of the fifth
metatarsal bone and also into the fascia covering the
4" intermetatarsal space*. This type of morphology
would increase the formation of bridge over the lateral
mid foot, which in turn increases the eversion action
and also play essential role in the walking**#4. Such
additional slips on the site of insertion initiates the
torsion and stress fracture. As the PT muscle function
is associated with the EDL and tibialis anterior,
reconstruction of the defective soft tissue can be done
with this muscle easily*. There will be no functional
postoperative weakness, because this muscle works as
a group along with the other muscles. Our study also
provided the morphological details of the PT at various
locations. PT’s mean length of the tendon measured
from the musculotendinous junction to the insertion
at the base of fifth metatarsal was 69.3+29.58 mm,
which is slightly higher than the previously reported
data of 64 mm by Bhatt et al.*s. However, Marin et al.¥
reported the PT tendon length as 81.3 mm. The present
study recorded the tendon width of PT as 7.8+2.7 mm,
which is higher than the finding of Verma and Seema*®,
who got the reading as 5 mm. According to de Gusmao
et al.®, the mean width of the PT was 4.5 mm. The
present study observed a higher dimension, because
this was taken at the musculotendinous junction. The
dimensions of PT is important because of its clinical
implications. Osteomyelitis of the lower limb can be
treated by the local flap muscle of PT*° and by altering
the site of insertion of PT, the claw foot deformity can
be treated®’..

The present study has few limitations like the
smaller sample size, the findings will be more accurate
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