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Introduction to thesis
Calf injuries are frequently observed in clinical practice (Brukner et al., 2018), and are
commonly described using the colloquial term ‘tennis leg’. More formally, the definition of
‘tennis leg’ specifically refers to a rupture of the distal musculotendinous junction of the
medial gastrocnemius. Brukner et al. (2018), a popular sport and exercise medicine text,
states that the distal musculotendinous junction of medial gastrocnemius is the most common
injury in the calf. In addition, several foundational ultrasound studies refer to this injury as
one of the most common seen in the posterior leg (Bianchi, Martinoli, Abdelwahab, Derchi,
& Damiani, 1998; Delgado et al., 2002; Flecca, Tomei, Ravazzolo, Martinelli, &
Giovagnorio, 2007).
‘Tennis leg’ is frequently observed among middle-aged people as a result of sporting-related
injuries (Bianchi et al., 1998). Following injury, patients typically report tenderness over the
calf muscle on palpation and pain may be experienced during both active contraction and
passive stretching of the muscle (Campbell, 2009). This information combined with palpation
and physical examination is used to determine the clinical diagnosis. However, the accuracy
of palpation has many known limitations and low specificity and sensitivity (Fink et al.,
2002; McGrath, 2006; Najm et al., 2003). For this reason, ultrasound imaging may be a
useful and accessible tool for practitioners to more accurately determine the cause of leg pain
and direct injury management.
The first known study of ultrasound imaging to investigate ‘tennis leg’ established that it is
effective in identifying both the presence and extent of lesions in the medial gastrocnemius
(Bianchi et al., 1998). It was once considered that ‘tennis leg’ was a condition affecting the
plantaris tendon, however, it was concluded by Delgado et al. (2002), following a
retrospective study of 141 patients with clinically diagnosed ‘tennis leg’ referred for
ultrasound, that disruption of the medial gastrocnemius is the most likely pathogenesis of
‘tennis leg’. Flecca et al. (2007), established that ultrasound imaging is an effective modality
in identifying ‘tennis leg’ and is also helpful in identifying other causes of calf pain.
However, peer reviewed studies investigating posterior leg injury using magnetic resonance
imaging do not support the position of Brukner et al. (2018), that it is the distal
musculotendinous junction of medial gastrocnemius as the most frequently injured structure
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in the calf (Koulouris, Ting, Jhamb, Connell, & Kavanagh, 2007; Prakash, Entwisle,
Schneider, Brukner, & Connell, 2018; Waterworth, Wein, Gorelik, & Rotstein, 2017).
Koulouris et al. (2007) investigated magnetic resonance imaging findings of the calf muscle
complex, in which 59 magnetic resonance imaging cases were retrospectively reviewed. The
results of this study showed that medial gastrocnemius and soleus were injured in 48% and
46% of cases respectively, while the plantaris tendon was injured in 5% of cases. Two recent
studies report that soleus was more frequently injured than medial gastrocnemius (Prakash et
al., 2018; Waterworth et al., 2017). Waterworth et al. (2017), also reported that the size of the
injury did not influence the number of games missed by the study participants (Australian
Football League players). Rather than the size of the lesion, a key determinant of the time to
return to play was whether or not there was involvement of connective tissue (i.e. fascia) in a
calf muscle tear (Prakash et al., 2018).
It appears that only two peer-reviewed studies (Delgado et al., 2002; Flecca, Tomei,
Ravazzolo, Martinelli, & Giovagnorio, 2007) have established that the medial gastrocnemius
has a high prevalence of injury as determined by ultrasound, however, information regarding
other calf muscle injuries besides medial gastrocnemius lesions and associated
ultrasonographic findings are not well described in the literature. Given the variation among
results from previous studies (Delgado et al., 2002; Flecca et al., 2007; Koulouris, Ting,
Jhamb, Connell, & Kavanagh, 2007; Prakash, Entwisle, Schneider, Brukner, & Connell,
2018; Waterworth, Wein, Gorelik, & Rotstein, 2017) as to which calf muscle and connective
tissue has the highest prevalence of injury, a study that investigates the characteristics of all
patients referred for diagnostic ultrasound for all injuries of the posterior leg would be useful
in filling the gap within the existing literature. Therefore, the aim of the study reported in this
thesis was to describe the characteristics of clinical information for patients referred for
ultrasound imaging of the posterior leg during a 12-month period within a musculoskeletal
ultrasound clinic in Auckland, New Zealand.
This thesis is presented in three sections. Section I consists of a literature review, Section II
contains a manuscript and details of the study, and Section III contains thesis appendices
including Ethics documentation.
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Section I – Literature Review
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Introduction to the literature review
The aim of this literature review is to evaluate existing research relevant to the analysis of
ultrasound characteristics of posterior leg injuries. The first part of the review will provide a
basic overview of the anatomy of the posterior leg relevant to this study. The second part will
focus on peer reviewed studies relevant to radiological evaluation of ‘tennis leg’, highlighting
the current understanding of image-based diagnosis. The third section offers information
relevant to ultrasound imaging, including the technology, safety, strengths and limitations of
ultrasound. This section will be followed by a summary in support of a rationale for an
investigation reported in Section II of the thesis.

Introduction to ‘Tennis Leg’: Aetiology and current literature
‘Tennis leg’ is a traumatic injury affecting the calf. Powell first observed ‘tennis leg’ in 1883,
when it was thought to be the result of a rupture of the plantaris tendon at the level of the
mid-calf (Shah, Shah, & Shah, 2010). There has been ongoing debate over the pathogenesis
of ‘tennis leg’ over time. In 1958, Powell’s definition of ‘tennis leg’ was contradicted by a
study of 141 subjects with the clinical diagnosis of ‘tennis leg’ (Delgado et al., 2002). During
a surgical exploration of five of these 141 patients, it was discovered that in each of these five
patients the plantaris tendon was unaffected and the rupture had occurred at the distal
musculotendinous junction of medial gastrocnemius (Delgado et al., 2002). ‘Tennis leg’ is
now thought to be the result of a rupture of the distal musculotendinous junction of medial
gastrocnemius and is a condition that is commonly observed among the middle-aged
population as the result of sports-related injuries (Bianchi, Martinoli, Abdelwahab, Derchi, &
Damiani, 1998; Delgado et al., 2002; Flecca et al., 2007). ‘Tennis leg’ has been described as
feeling of being “kicked in the calf region” and some patients report hearing a popping sound
at the time of injury (Delgado et al., 2002). ‘Tennis leg’ occurs when the gastrocnemius
muscle undergoes simultaneous active contraction and passive stretching (i.e. the ankle is
actively plantarflexed and the knee is passively extended) (Bianchi et al., 1998; Shah et al.,
2010).
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Current literature pertaining to calf injuries
Several key pieces of literature state that the distal musculotendinous junction of medial
gastrocnemius is, if not the most common, one of the most common sites of injury on the calf
(Bianchi et al., 1998; Brukner et al., 2018; Delgado et al., 2002; Flecca et al., 2007).
However, studies investigating calf injuries through magnetic resonance imaging have
generated conflicting results. An magnetic resonance imaging study (Koulouris et al., 2007)
shows an almost equal distribution of injury to either the medial gastrocnemius or soleus,
while two further magnetic resonance imaging studies (Prakash et al., 2018; Waterworth et
al., 2017) show that soleus has a higher frequency of injury than medial gastrocnemius. These
studies will be discussed in the following sections.
Brukner et al. (2018), an authoritative and widely utilised sports medicine textbook, state that
“medial head of gastrocnemius is the most common site of calf injury” (p. 849) and “most
calf muscle strains occur at the musculotendinous junction – either at the intramuscular
tendon or distal musculotendinous junction” (p. 849). Brukner et al. (2018) support these
statements with two studies; the first investigated magnetic resonance imaging findings of
injuries to the calf muscle complex and the second study investigated the sensitivity of
ultrasound patterns in soleus muscle injuries (Balius et al., 2014; Koulouris et al., 2007).
These studies are discussed in subsequent sections (‘limitations and reliability of ultrasound’
and ‘existing studies investigating ‘tennis leg’ with magnetic resonance imaging’
respectively).

Existing studies investigating ‘tennis leg’ with ultrasound
There are three main studies that have previously investigated ‘tennis leg’ injuries with the
use of ultrasound imaging (Bianchi et al., 1998; Delgado et al., 2002; Flecca et al., 2007).
These ultrasound studies will be discussed below, in chronological order.
Study one: Sonographic evaluation of tears of the gastrocnemius medial head (‘Tennis
leg’) (Bianchi et al., 1998)
The sonographic findings of tears of the medial gastrocnemius were first reported in 1998
(Bianchi et al., 1998). A retrospective review of 65 patients was conducted, with the
compatible ultrasound imaging obtained over a three-year period. There were 47 men and 18
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women in this sample, with an average age of 47 years (range 35 to 75y). Fifty-one of the
injuries were sustained during sports-related activities while the remaining eight were the
result from trivial incidents. Ultrasound imaging resulted in diagnosis of 51 partial tears and
14 complete tears; 24 of the partial tears were small lesions (< 2 cm) and 41 of the tears were
larger partial or complete tears. Small tears were difficult to detect using ultrasound within
hours of the trauma due to a lack of fluid collection in the area. These tears were identifiable
by careful examination of the distal portion of the medial gastrocnemius, revealing that the
muscle fibres did not reach the aponeurosis of soleus. It was also determined that dynamic
evaluation and probe pressure was not useful in detecting these smaller tears. Larger and
complete tears were easily identifiable by fluid collection and a fusiform heterogenous area
between the medial gastrocnemius and aponeurosis. The follow-up ultrasound a few days
later revealed a definite anechoic region correlating to the haematoma, which typically
extended proximally between the two aponeuroses. Again, dynamic evaluation was not
useful. Needle aspiration to reduce the haematoma was performed on three patients and was
not found useful as the haematoma had almost entirely returned one-week post-drainage. One
year on from the initial trauma, nine patients, now clinically asymptomatic, returned for a
follow up ultrasound. Ultrasound reported a hyperechoic region between the medial
gastrocnemius and soleus, which was thought to be fibrous tissue. This study confirmed that
ultrasound is a useful imaging modality in identifying the presence and extent of ‘tennis leg’
and evaluating the healing of the injury with follow up scans. This study did not investigate
other structures in the calf, focusing only on medial gastrocnemius tears.
Study two: ‘Tennis leg’: Clinical ultrasound study of 141 patients and anatomic
investigation of four cadavers with magnetic resonance imaging and ultrasound
(Delgado et al., 2002)
Delgado et al. (2002), aimed to explore the importance of the plantaris tendon and
gastrocnemius in the pathogenesis of ‘tennis leg’. This retrospective study reviewed the
images of 141 patients (109 men, 32 women) with a clinical diagnosis of ‘tennis leg’ who
underwent ultrasound imaging. The patients were referred to the hospital from varying
clinicians (i.e. emergency medicine physicians, orthopedic surgeons, and residents). The
average age of the population was 45 years, ranging from 22 to 82 years of age. The
ultrasound images were reviewed by two musculoskeletal radiologists who were not blinded
to the clinical history of the patients or purpose of the study. Ultrasound images were
10

obtained by one of three radiologists within a hospital setting. The authors do not specify the
expertise or practical ultrasound experience of the radiologists. Partial rupture was defined as
the presence of localized disruption of the muscle fibres while a complete rupture involved
the whole muscle. Fluid collection was identified by the presence of a hypoechoic region
between the aponeuroses of medial gastrocnemius and soleus. The study found that 94 of
these patients had sustained injury to the medial gastrocnemius muscle no more than two
centimeters from the distal musculotendinous junction without plantaris tendon involvement.
Of these 94 patients, 59 had an associated fluid collection. One patient showed evidence of
partial rupture of the soleus muscle and two patients had rupture of the plantaris tendon.
Thirty patients had an identifiable fluid collection typical for a haematoma without evidence
of a musculotendinous tear. this study found 14 instances of isolated deep vein thrombosis
and seven patients with a deep vein thrombosis in association with another finding (six deep
vein thrombi associated with fluid collection and one associated with tear of medial
gastrocnemius). The authors concluded that injury of the medial gastrocnemius appeared to
be more common than that of the plantaris tendon, thus supporting a view that disruption of
the medial gastrocnemius is the likely pathogenesis of ‘tennis leg’.
Study three: Ultrasound evaluation and diagnosis of rupture of the medial head of the
gastrocnemius (‘tennis leg’) (Flecca et al., 2007)
Flecca et al. (2002), aimed to demonstrate the diagnostic accuracy of ultrasound in the
diagnosis of rupture of medial gastrocnemius. The study examined 35 consecutive patients
(25 men and 10 women) with acute traumatic injury of the calf. This population had a mean
age of 47.5 years, with a range from 35 years to 60 years of age. Seventy percent of patients
sustained injury during sports while the remaining 30% sustained injury during daily
activities (walking, climbing stairs etc.). All patients presented with acute pain at the medial
gastrocnemius with a feeling of weakness of the leg, subsequent haematoma and soreness. On
average, patients underwent ultrasound imaging 1.5 days following injury. Thirty-three
patients were found to have ‘tennis leg’, 24 of which were partial ruptures while the
remaining nine cases were complete ruptures. One case had a rupture of the proximal
musculotendinous junction and one case was a ruptured Baker’s cyst. The study also found
significantly greater fluid collection in those patients with complete ruptures compared to
those with partial ruptures. There were two patients who had a deep vein thrombosis in both
veins and three patients had deep vein thrombosis in one leg vein. This study determined that
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ultrasound is an effective modality in the imaging of ‘tennis leg’ and is helpful in identifying
other causes of calf pain. This study did not report injury to any other calf muscles.
To summarise, existing literature has determined that the distal musculotendinous junction of
the medial gastrocnemius is the cause of ‘tennis leg’. Ultrasound imaging has been shown to
be a suitable modality in the evaluation of this particular injury. However, while this
particular injury has previously been studied, investigation of ultrasound characteristics of the
remaining muscles of the calf have been neglected.

Anatomical considerations of the posterior leg
Gastrocnemius anatomy and function
The gastrocnemius muscle is comprised of two muscle bellies; the medial and lateral heads.
The medial and lateral head of gastrocnemius insert into the posterior aspect of the medial
and lateral femoral epicondyle respectively, extending down to the midcalf. At this point, the
gastrocnemius muscle becomes aponeurotic, blending with the broad aponeurosis of the
soleus muscles, forming the Achilles tendon (Antonios & Adds, 2008; Brukner et al., 2018).
The gastrocnemius is comprised predominantly of Type 2 fast-twitch fibres, allowing for
rapid activation of the muscle (Antonios & Adds, 2008). Gastrocnemius is a biarticular
muscle and therefore provides movement for both the knee and ankle; flexion and
plantarflexion respectively (Antonios & Adds, 2008). The medial gastrocnemius is markedly
longer than the lateral gastrocnemius as the medial gastrocnemius origin arises slightly more
proximal to that of lateral gastrocnemius (Antonios & Adds, 2008). The muscle fibres of
lateral gastrocnemius have been shown to be 46% longer than those of medial gastrocnemius,
and the angle of pennation is five degrees smaller in lateral gastrocnemius (Wickiewicz, Roy,
Powell, & Edgerton, 1983). It is thought that the variation in fibre length and arrangement
allows for varying function between the two muscle bellies (Kawakami, Ichinose, &
Fukunaga, 1998; Wickiewicz et al., 1983). The longer fibres of lateral gastrocnemius allow
for a faster rate of contraction, suggesting that lateral gastrocnemius prioritises velocity. The
higher angle of pennation and shorter fibre length of medial gastrocnemius suggest this
muscle belly produces more power and stronger contraction in relation to the overall muscle
volume, suggesting that medial gastrocnemius prioritises tension (Kawakami et al., 1998).
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Soleus anatomy and function
Soleus is a large, flat, multi-pennate muscle that lies deep to gastrocnemius (Antonios &
Adds, 2008). Soleus has several proximal attachments; the posterior aspect of the head and
proximal half of the shaft of the fibula, the soleal line of the tibia, medial border of the tibia
and the fibrous band between the tibia and fibula (Brukner et al., 2018, p.847). Soleus has
three tendinous structures within the muscle belly; the medial and lateral aponeuroses and the
distal central tendon, which goes on to form the soleal contribution to the Achilles tendon
(Balius et al., 2014; Brukner et al., 2018). The medial and lateral aponeuroses arises from the
medial and lateral origins of the soleal epimysium, descending to penetrate deep into the
muscle belly of soleus, curving medially toward the central tendon (Brukner et al., 2018).
The size of the aponeuroses decrease as they travel distally, until they are no longer visible
(Brukner et al., 2018). In addition to gastrocnemius, soleus is a primary plantarflexor of the
ankle. Additionally, soleus plays an important role in maintaining an upright stance position.
Soleus can be considered a postural muscle as it is predominantly comprised of slow twitch
Type 1 muscle fibres, which produce slower movements with a higher threshold for fatigue
(Antonios & Adds, 2008).

Plantaris anatomy and function
The third muscle of the superficial compartment of the posterior calf, plantaris, is absent in
approximately 8-10% of the population (Del Buono, Chan, & Maffulli, 2013). Plantaris
attaches to the lateral supracondylar ridge of the femur, passing medially crossing the midline
posterior to the knee. Plantaris continues medially, running between the muscle bellies of the
medial head of gastrocnemius and soleus, before inserting into the medial aspect of the
Achilles tendon (Bright, Fields, & Draper, 2017). Plantaris is involved in weak plantarflexion
and proprioception of the ankle joint (Antonios & Adds, 2008).

Achilles tendon anatomy and function
The Achilles tendon consists of fibres from gastrocnemius and soleus muscles and is the
largest and strongest tendon in the body (Morton, Chan, Webborn, Pritchard, & Morrissey,
2015). The Achilles tendon attaches into the inferior half of the calcaneus (Brukner et al.,
2018, p.847). Before inserting into the middle third of the posterior surface of the calcaneus,
the fibres within the Achilles tendon have been shown to undergo lateral ‘twisting’, resulting
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in the medial and lateral gastrocnemius bellies crossing each other (Antonios & Adds, 2008).
There is usually a bursa located between the Achilles tendon and calcaneus (Brukner et al.,
2018). At the insertion of the Achilles tendon, the fibrocartilaginous walls of the
retrocalcaneal bursa extend into the tendon and the adjacent cartilage-covered calcaneus
(Brukner et al., 2018). The angle of insertion of the Achilles tendon into the calcaneus allows
for optimal mechanical function and protection of the insertion against high loads. However,
this is the point at which the tendon undergoes compression against the calcaneus during
dorsiflexion, predisposing it to pathology (Brukner et al., 2018).

Fascia cruris anatomy and function
The fascia cruris is a connective tissue that divides the posterior leg into its three muscular
compartments; anterior, posterior and lateral compartments (Morton et al., 2015). It has been
shown that within the posterior compartment the fascia cruris forms the paratenon by
dividing around the Achilles tendon (Morton et al., 2015). The Achilles tendon lacks a true
synovial sheath and is instead enclosed by a paratenon on the dorsal, lateral and medial sides
between the Achilles tendon and fascia cruris (Webborn, Morrissey, Sarvananthan, & Chan,
2015). It was determined during an anatomical dissection study that the fascia cruris and
paratenon are continuous with each other (Webborn et al., 2015). However, it has also been
shown that the fascia cruris and paratenon can be dissected and are distinguishable as
separate entities (Webborn et al., 2015). The fascia cruris has three layers of collagen fibre
bundles, separated by a thin layer of loose connective tissue (Webborn et al., 2015). The
collagen fibres of the fascia cruris ensure a small but significant sliding, meaning the fascia
can accommodate the underlying morphology of the muscles meanwhile withstanding the
tensile load generated during movement (Webborn et al., 2015).

Popliteal bursa anatomy and function
The popliteal bursa is located posteriorly to the proximal aspect of the medial femoral
condyle, between the tendons of the semimembranosus and medial gastrocnemius muscles
(Herman & Marzo, 2014; Steinbach & Stevens, 2013). There is a transverse slit-like opening
in the posterior aspect of the bursa that allows for communication with the adjacent joint
capsule of the knee (Herman & Marzo, 2014). This opening allows for the movement of
synovial fluid between the bursa and joint capsule (Herman & Marzo, 2014). Fluid enters the
bursa during knee flexion when the capsular opening opens and medial gastrocnemius and
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semimembranosus separate and the fluid exits again during knee extension (Saavedra et al.,
2012).
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Ultrasound characteristics of structures within the posterior leg
Overview of ultrasound characteristics of muscles
Skeletal muscles are composed of bundles of fibres, collectively termed fasciculi which are
separated by a connective tissue known as perimysium (Fornage, 2000). When scanned in the
longitudinal plane, perimysium is viewed as parallel, pennate, echogenic (bright, white)
structures surrounding the contrasting hypoechoic (dark) muscle fasciculi (Fornage, 2000;
O’Neill, 2008; Torriani & Kattapuram, 2003).
Ultrasound allows sonographers to detect the extent of muscle injury depending on the extent
of fibre elongation and disruption present (Torriani & Kattapuram, 2003). Muscle injuries
can be classified by muscle tear grading systems. The British athletics muscle injury
classification is the current guide used in describing muscle injuries (Pollock, James, Lee, &
Chakraverty, 2014). This grading system classifies muscle injuries by the site and extent of
the injury based on magnetic resonance imaging. However, since its publication, there are no
articles describing the ultrasound characteristics of muscle injury in reference to the updated
grading system. Bianchi et al. (2013. p. 56), state that the four point grading system created
by Peetrons (2002) is a widely accepted muscle injury classification for that time. Grade 0 is
used to describe clinically identified injuries that do not have any ultrasound indications of
injury. Grade I injuries are seen on ultrasound as minimal elongations of muscle fibres
involving less than five percent of the muscle. Grade II injuries, classified as partial ruptures,
show a hypoechoic gap between muscle fibres and involves between five to 50 percent of
muscle fibres. Complete tears, classified as grade III, have complete retraction of muscle
fibres, forming a palpable gap between the two ends of the muscle. A haematoma,
hypoechoic in appearance, is a significant indication of a muscle tear (Peetrons, 2002).

Ultrasound imaging of medial gastrocnemius tears
Medial gastrocnemius tears are typically identifiable by a discontinuity of the normal parallel
linear hypoechoic muscle fibres and an echogenic and indistinct appearance of the tendon at
its insertion (Jamadar et al., 2008). Partial tears are diagnosed in the presence of a localised
disruption of muscle fibres, while a complete tear is diagnosed by the involvement of the
entire muscle belly, typically with a space between the two ends (Shah et al., 2010). Typical
16

sonographic characteristics of medial gastrocnemius tears include disruption of the tendon
fibres at its insertion, identifiable by parallel hyperechoic and hypoechoic lines and a vague
echoic structure at the distal insertion of the tendon, as seen in figure 1 (Flecca et al., 2007
p.198). If a haematoma is present, posterior acoustic enhancement can show associated
hypoechoic matter (Jamadar et al., 2008). The fluid can often be seen tracking along the
aponeuroses of the medial gastrocnemius and soleus muscles (Campbell, 2009; Leow, Chew,
Chawla, & Lim, 2019).

Figure 1: Ultrasound image of normal medial head of gastrocnemius and in ‘tennis leg’ (Bianchi et al., 2013. p.762)
[permission to reproduce image was sought at the time of thesis submission from Springer Science & Business Media]. a
Illustration of a normal medial head of gastrocnemius and soleus complex through the sagittal view, showing fibre direction
of medial head of gastrocnemius and attachment (white arrows) into the distal aponeurosis b drawing of typical ‘tennis leg’
presentation, showing retraction of the medial head of gastrocnemius fibres from the aponeurosis with associated haematoma
at the distal junction (white arrow labelled 4) c normal ultrasound imaging of medial head of gastrocnemius, with parallel
bipennate fibre arrangement of the medial head of gastrocnemius -soleus complex attaching to the aponeurotic junction d
ultrasound imaging of ‘tennis leg’, with a normal aponeurotic septa, haematoma (labelled *) and disorganisation of the fibres
of medial head of gastrocnemius

Ultrasound imaging of soleus tears
The evidence supporting the ability of ultrasound to detect soleus tears among previous
studies is unclear. Due to the depth, multipennate structure, and high vascularisation of
soleus, visualisation of soleal injury is particularly challenging (Balius et al., 2014). Balius et
al. (2014), determined that ultrasound imaging is not sensitive enough to identify soleus tears.
However, there are reported instances of ultrasound imaging being used to identify soleal
tear. For example, a case study of ultrasound findings of a torn soleus muscle conducted by
Hung, Chang & Özçakar (2015), showed a hyperechoic region starting beneath the
midportion of the Achilles tendon, extending to the posterior aspect of the proximal tibia. The
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musculotendinous junction of the medial head of the gastrocnemius muscle was found to be
intact (Hung, Chang, & Özçakar, 2015).

Overview of ultrasound characteristics of tendons
When viewed in the longitudinal axis, a tendon is appreciated as a dense linear hyperechoic
band-like structure, while in the transverse axis, a tendon has multiple hyperechoic focal
‘dots’ (O’Neill, 2008). The hyperechoic characteristics of tendon is the result of specular
reflections at the interface between the fascicles and peritendineum (O’Neill, 2008). It is
important that when imaging tendons, the ultrasound beam remains perpendicular to the
tendon to ensure there is no artificial hypoechogenicity resulting from anisoptropy (Fornage,
2000; Jacobson, 2009). On ultrasound, the normal Achilles tendon is seen as having
hyperechoic linear fibres and in the longitudinal plane a uniform thickness along the length of
the tendon (Jamadar et al., 2008).

Ultrasound imaging of plantaris tendon tears
Tears of the plantaris tendon typically occur around the mid-calf level, and can be detected
on ultrasound by identification of a gap in the tendon (Bianchi et al., 2013). A small
haematoma may also be detected between the soleus and medial head of gastrocnemius in the
region of the plantaris tendon tear (Bianchi et al., 2013).

Ultrasound imaging of Achilles tendon tears
Ultrasound can be useful in determining the extent of the damage that has occurred in the
Achilles tendon and retrocalcaneal bursa (Brukner et al., 2018). In cases of partial Achilles
tendon tear, ultrasound may show one or several areas of focal hypoechogenic and tendon
thickening (Fornage, 2000; Jamadar et al., 2008). These characteristics can often be difficult
to differentiate from tendinosis (Fornage, 2000; Jamadar et al., 2008; Torriani & Kattapuram,
2003). There can typically be continuous fibres located alongside a partial tear as some fibres
remain intact (Torriani & Kattapuram, 2003). A complete tear of the Achilles tendon shows a
complete separation of the tendon ends with acoustic shadowing at the margins of the tear
and adjacent regions of echogenic from the associated tendinosis (Jamadar et al., 2008). On
ultrasound, Achilles tendinosis is detected as a tendon thickening, collagen bundle
disorganisation, and hypoechoic areas within the tendon (Bianchi et al., 2013; Jamadar et al.,
2008).
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Ultrasound imaging of fascia cruris tears
Tears of the fascia cruris are a relatively newly recognised cause of calf pain. Tears of the
fascia cruris are identifiable on ultrasound when a hypoechoic area anteriorly extending from
the medial or lateral border of the Achilles tendon along the anatomical plane of the fascia
cruris is detected (Webborn et al., 2015). The hypoechoic echotexture is the result of adipose
tissue present in superficial fascia (O’Neill, 2008). As the fascia cruris is less than 1mm in
thickness, the key finding to determine a tear is a hypoechoic area overlying the region rather
than the presence of two distinct ends of the tissue (Webborn et al., 2015).

Ultrasound imaging of the popliteal bursa
Bursae are an important structure to consider as a possible cause of pain within the posterior
leg. This is particularly important in cases where the bursa ruptures (ruptured Baker’s cyst)
and the fluid tracks down the posterior leg, mimicking the symptoms of a muscle tear or deep
vein thrombosis (Chawla et al., 2017; Herman & Marzo, 2014). Bursae are only identifiable
when they are filled with fluid. When this is the case, on ultrasound, a bursa appears as an
anechoic mass between hyperechoic tissue layers (O’Neill, 2008). There may also be
increased vascularity in the wall of the fluid filled bursa (Fornage, 2000). A popliteal cyst is
detectable on ultrasound as an anechoic mass with smooth borders, located within the
popliteal fossa of the knee (Steinbach & Stevens, 2013). A ruptured Baker’s cyst (popliteal
cyst) appears as an ill-defined fluid space between or within the posterior leg muscles
(Steinbach & Stevens, 2013).

Limitations and reliability of ultrasound in the posterior leg
Balius et al. (2014), conducted a study on the sensitivity of ultrasound pattern in soleus
muscle injuries. This study compared findings from magnetic resonance imaging
(representing the criterion standard in imaging) and ultrasound examinations. Magnetic
resonance imaging identified 55 cases of soleus injury, while ultrasound identified 15 of
these 55 cases. Furthermore, ultrasound missed identification of more musculotendinous
junction injuries than myofascial injuries. This result suggests that ultrasound sensitivity is
dependent on the site of injury; musculotendinous junction may be less easily identified with
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the presence of fluid collection. Substantial differences between the initial and follow up
ultrasound also revealed that the original findings suggestive of injury had entirely dissipated
with rest from sport at the follow up ultrasound. The authors suggest that the fast healing of
the soleus muscle may increase the chance of ultrasound missing identifiable signs of an
injury to soleus, further contributing to the high level of difficulty in identifying such tears
using ultrasound imaging. The authors also conducted an inter-observer ultrasound reliability
study; this showed a 75% rate of agreement between the two experienced sonographers.
There was a total discrepancy in diagnosis in 11 cases (25%), agreement of positive diagnosis
in 52.8% of cases and agreement of negative diagnosis in 18.2% of cases. Overall, the
authors concluded that the sensitivity of ultrasound in detecting soleus tears was too low
compared to magnetic resonance imaging. However, the timing at which the ultrasound is
performed may be an important factor in the detection of characteristic presentation of soleus
tears.

Existing studies investigating ‘tennis leg’ with magnetic resonance imaging
A review of the literature found three main studies in the investigation of ‘tennis leg’ findings
as seen on magnetic resonance imaging (Koulouris et al., 2007; Prakash et al., 2018;
Waterworth et al., 2017). Although these studies all employed magnetic resonance imaging,
the information produced is useful in appreciating the current understanding of ‘tennis leg’.
Study one: Magnetic resonance imaging findings of injuries of the calf muscle
complex (Koulouris et al., 2007)
Koulouris et al. (2007) appears to have been amongst the first to investigate magnetic
resonance imaging findings of injuries to the calf muscle complex. Retrospective review of
59 magnetic resonance imaging examinations was carried out. The sample consisted of 48
men and 11 women with an average age of 31 years and 47 years respectively. All injuries
were sustained while participating in sports (Australian Rules Football, soccer, athletics, and
tennis). Thirty-nine patients sustained injury at one site within the calf complex while 20
patients had dual injury sites, resulting in 79 injury sites being recorded in the study. The
results of this study show that medial gastrocnemius is most commonly injured (48.7%),
closely followed by soleus (46.2%). The plantaris tendon was involved in 5.1% of cases. Of
the dual injuries, medial gastrocnemius and soleus were the most frequently shared sites
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observed. The results of this study show a slight difference in the frequency of medial
gastrocnemius (n=19) and soleus strains (n=18). This finding contrasts with other studies
(e.g. Bianchi et al., 1998; Delgado et al., 2002; Flecca et al., 2007; Prakash et al., 2018;
Waterworth et al., 2017), which show a more substantial difference in the frequency of injury
between the muscles. This may be explained as most studies prior to this time are conducted
via ultrasound imaging, which is believed to be limited in the ability to detect tears located in
the deeper soleus muscle. All 59 patients in this study sustained injury while participating in
sports and is therefore not an accurate representation of the wider population.
Study two: Magnetic resonance imaging assessment of calf injuries in Australian
Football League players: findings that influence return to play (Waterworth et al.,
2017)
Waterworth et al. (2017), retrospectively investigated magnetic resonance imaging results of
calf injuries in 63 Australian Football League players and the influence findings had on the
return to play. This study concluded that soleus (n=39) had a higher incidence of injury than
gastrocnemius (n=15). This study also found a relationship between players missing at least
one game and injury occurring to more than one muscle, the musculotendinous junction and
intermuscular tendons, and deep strain location, but did not find a relationship between the
size of the injury and games missed.
Study three: Connective tissue injury in calf muscle tears and return to play: magnetic
resonance imaging correlation (Prakash et al., 2018)
Prakash et al. (2018), evaluated 100 patients with calf muscle injury, evaluating muscle
involvement, the location of injury within the muscle and the integrity of the connective
tissue at the interface. In 114 injuries, 63 cases showed involvement of the connective tissue
and 18 cases of complete failure. Furthermore, a grading system was created, based on the
extent of injury to the muscle and connective tissue, ranging from 0-3. Prakash et al. (2018),
concluded that return to play estimates can be guided by involvement of the connective
tissue.
To summarise, the variation between the results of the three magnetic resonance imaging
studies highlights a substantial difference between results of posterior leg injury findings
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when compared to ultrasound studies. Current literature tends to show that reports of medial
gastrocnemius tears are more prevalent in ultrasound studies while magnetic resonance
imaging identifies a higher number of soleus injuries. Furthermore, magnetic resonance
imaging studies have shown a more comprehensive picture of calf muscle injuries, detailing
the involvement of connective tissue and the relationship of injury with time taken to return
to play.

Musculoskeletal ultrasound
An overview of ultrasound technology
Ultrasound imaging is commonly used for diagnostic purposes and is used to determine the
characteristics of morphology and structural integrity of the neuromusculoskeletal system
(Henderson, Walker, & Young, 2015; J. O’Neill, 2008). Ultrasound technology allows for a
real-time, dynamic view of neuromusculoskeletal structures, allowing for an in depth
understanding of muscles, tendons, ligaments, joints, and peripheral nerves (Henderson et al.,
2015).
Ultrasound technology has progressed rapidly since its first reported use in the early 1970’s
(Jacobson, 2009; McNally, 2011). However, the basic principles behind how ultrasound
images are produced remains largely the same. Electrical currents pass across crystals located
in the face of the ultrasound probe (Whittaker & Stokes, 2011). This creates high-frequency
sound waves in the range of 7MHz to 15MHz (Bianchi et al., 2013). The properties of the
crystals and the current transmitted from the ultrasound unit influence the characteristics of
the ultrasound waves (Whittaker & Stokes, 2011). This in turn influences the distance the
waves travel through the body (Whittaker & Stokes, 2011). Additionally, the distance
travelled by the waves is dependent on the acoustic impedance of the tissue it is passing
through (Whittaker & Stokes, 2011). As the waves pass through a medium, a small
percentage reflects back to the probe (Whittaker & Stokes, 2011). The ultrasound unit then
calculates the amplitude, return time and position along the probe of the reflected waves to
create pixels on the screen (Whittaker & Stokes, 2011). Pixels are updated 20 to 40 times per
second, thus creating a continuous and real-time view of the musculoskeletal system
(Whittaker & Stokes, 2011).
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Safety of ultrasound
It is important to ensure safety while using ultrasound, especially as newer technology has
higher acoustic output (Nelson, Fowlkes, Abramowicz, & Church, 2009). The energy that
creates ultrasound waves can produce two main bioeffects, these are mechanical, and thermal
bioeffects (Duck, 2007; Harris, Church, Dalecki, Ziskin, & Bagley, 2016; Şen, Tüfekçioğlu,
& Koza, 2015). Absorption of ultrasound energy may result in a rise in the temperature of
musculoskeletal tissues, particularly along bone interfaces (Duck, 2007; Nelson et al., 2009).
Mechanical effects of ultrasound energy may result in damage to the soft tissue structures as
a result of acoustically driven gas bubbles, known as ‘cavitation’ effects (Duck, 2007). These
bioeffects are measured using the thermal index and mechanical index and are both displayed
on the ultrasound machine monitor, but controls are also built into all modern ultrasound
machines to minimise exposure to inappropriate thermal and mechanical effects. However,
there is literature suggests that these adverse effects are not a significant issue in diagnostic
ultrasound imaging (Haar, 2010; Nelson et al., 2009).

Limitations and reliability of ultrasound
There are several limitations to musculoskeletal ultrasound that should be appreciated,
including capabilities of the technology and the operator, and the depth of the tissue in
question. Although the resolution of transducers has increased from recent advances in
ultrasound, these higher frequency transducers have lower tissue penetration and ultrasound
cannot always clearly visualize deeper soft tissue structures (Cook, 2016; Lento & Primack,
2008; Patil & Dasgupta, 2012). Ultrasound may also be limited by the presence of overlying
osseous structures (Cook, 2016), which generate strong acoustic shadows. Another
significant limitation in the use of ultrasound is the level of experience of the sonographer
(Cook, 2016). Like all forms of clinical skill, ultrasound is operator dependent and gaining
ultrasound skills takes substantial time and ultimately depends on the sonographer’s hand-eye
coordination skills (Patil & Dasgupta, 2012). Jacobson (2009), states there are several
elements to ultrasound that must be considered; (1) proper equipment selection such as the
transducer, (2) sufficient understanding of the anatomy in order to detect the tissue in
question, (3) ability to scan the structure in a standardized plane and adequately evaluate the
structure, (4) recognize artifacts such as anisotropy and correct this, (5) recognize
abnormalities, and finally (6) interpret the findings of the ultrasound.
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Summary of literature and rationale for research
In summary, there is disagreement in the literature as to where the most prevalent site of
injury is within the posterior leg (Bianchi et al., 1998; Brukner et al., 2018; Delgado et al.,
2002; Flecca et al., 2007; Koulouris et al., 2007; Prakash et al., 2018; Waterworth et al.,
2017). There is opposing evidence between ultrasound and magnetic resonance imaging
studies as to which muscle is most frequently injured; magnetic resonance imaging tends to
show that soleus is more frequently injured (Prakash et al., 2018; Waterworth et al., 2017),
while ultrasound finds that the distal musculotendinous junction of medial gastrocnemius is
the site that is most frequently injured (Bianchi et al., 1998; Delgado et al., 2002; Flecca et
al., 2007). To date, there are no studies that provide a full description of the findings
observed during ultrasound of tears of all muscles in the calf. This is unlike magnetic
resonance imaging studies that report findings in connective tissue as well as muscles in the
calf. It is therefore the aim of this study to describe the characteristics of clinical information
for patients referred for ultrasound imaging of the posterior leg during a 12-month period
within a musculoskeletal ultrasound clinic in Auckland, New Zealand.
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Methodology
This section of the literature reviews two various methodologies and study designs and
provide justification for the method employed to address the research aim. Firstly, it briefly
describes the two potentially appropriate designs followed by why the current design was
selected, lastly discussing the qualitative and quantitative methodological processes.
Among the various quantitative methodologies, two potential methods exist which are
appropriate for reviewing clinical data; these were audit, and evaluation. In selecting an
appropriate design to address the research aim in the current context, it was important to
distinguish between the two methods. An audit is undertaken with reference to existing
evidence-based clinical standards (Holmes, Donoghue, Sinfield, Harrad, & Lester, 2013).
Audits determine whether or not a clinical practice is being done, and why, and has the
potential to lead to greater change than evaluation (Wade, 2005). In contrast, evaluation
determines what should be done, but does not refer to established clinical standards. A
literature review was undertaken to establish the existing research specific to radiological
assessment of posterior leg injuries. Key studies identified during this review all used a
retrospective evaluation design. To the author’s knowledge, the research question had not
been previously addressed in the literature, therefore there was no existing clinical-based
standard to compare the data to. For this reason, the study design selected was a retrospective
evaluation of clinical reports.
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Abstract

Background: ‘Tennis leg’, defined as injury to the distal musculotendinous junction of the
medial gastrocnemius, is a relatively common injury sustained during sports and day to day
activity. This condition is generally considered to most frequently affect people of middleage. Ultrasound imaging studies have demonstrated that the medial gastrocnemius is the
injury most often observed in posterior leg injuries while magnetic resonance imaging studies
generally show that soleus is more frequently injured. To date, current ultrasound studies do
not report on all characteristics shown on ultrasound, unlike magnetic resonance imaging
studies.
Aim: To describe the characteristics of clinical information for patients referred for
ultrasound imaging of the posterior leg during a 12-month period within a musculoskeletal
ultrasound clinic in Auckland, New Zealand.
Methods: 3437 ultrasound reports from the 1st January 2018 to 31st December 2018 were
retrospectively reviewed. 63 reports of calf muscle tear were included for final review, and
all reported ultrasound imaging findings were extracted into a spreadsheet.
Results: This study found 52 reports involving medial gastrocnemius, 9 reports of soleus tear,
1 report of lateral gastrocnemius and 1 report of plantaris tear. The distal musculotendinous
junction of medial gastrocnemius was involved in 43 and 7 reported cases of medial
gastrocnemius and soleus muscles respectively. In 12 reported cases, a tear was appreciated
in the aponeurosis. A total of 22 haematomas were reported, 21 were appreciated alongside
medial gastrocnemius tears, while one was in association with a soleus tear. Two reports
were indicative of both a tear and associated deep vein thrombosis.
Conclusion: This study supports that the distal musculotendinous junction of the medial
gastrocnemius is the site most frequently injured within the calf, and at least in this sample,
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the middle-aged population were the most represented age group presenting for imaging.
Ultrasound imaging appears to be useful in determining the site and extent of injury and also
to determine the presence of associated pathology (particularly deep vein thrombosis) in
order to determine the most appropriate management for the patient. Future research should
determine the relationship between site and size of musculotendinous injury and the time
taken to return to activity.
Keywords: Tennis leg, medial gastrocnemius, ultrasound imaging
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Introduction
‘Tennis leg’ is a traumatic injury resulting in a rupture of the musculotendinous of the medial
gastrocnemius and is commonly observed among the middle-aged population as the result of
sports-related injury (1–3). The injury is considered to result from simultaneous active
contraction and passive stretching of the medial gastrocnemius, such as when the ankle
actively plantarflexes while the knee is passively extended (2,4). ‘Tennis leg’ is commonly
described as the feeling of being “kicked in the calf region” and some patients also report
hearing a popping sound at the time of injury (1).

The leg is defined as being the “region below the knee and above the ankle” (5). The leg is
usually then divided into the posterior, lateral and anterior compartments. The posterior leg
can further be divided into the deep and superficial compartments. There are several
structures within the deep compartment, including the popliteus, flexor hallucis longus, flexor
digitorum longus, and tibialis posterior muscles (9,10). The superficial compartment of the
posterior leg contains the three muscles that are termed the true calf muscles; the
gastrocnemius, soleus, and plantaris (5,9,10).

Several key pieces of literature state that rupture of the musculotendinous junction of the
medial gastrocnemius is the most common (5), or one of the most common injuries to occur
in the leg (1–3). However, there is additional evidence arising from magnetic resonance
imaging studies that show the soleus muscle is injured with similar frequency (6), or more
frequently than the medial gastrocnemius (7,8). These magnetic resonance imaging studies
may report a more complete clinical picture of the findings of calf muscle injuries, and
suggest that the involvement of connective tissue may influence the time taken for athletes to
return to play. This is unlike the studies investigating ‘tennis leg’ with ultrasound imaging,
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which to date, have not investigated the involvement of connective tissue in posterior leg
injury. Therefore, the aim of this study was to describe the characteristics of clinical
information for patients referred for ultrasound imaging of the posterior leg during a 12month period within a musculoskeletal ultrasound clinic in Auckland, New Zealand.

Methods
Design and setting
The design was a retrospective analysis of clinical reports of patients referred for diagnostic
ultrasound of the posterior leg set in one Auckland metropolitan private ultrasound imaging
clinic with special focus on musculoskeletal ultrasound imaging. The clinic was selected on
the basis of convenience, and also because of the exclusive focus on musculoskeletal
ultrasound imaging. There are two reporting sonographers at this clinic who both specialise
in musculoskeletal ultrasound imaging. All reports are prepared by a sonographer and
subsequently verified by one consultant radiologist. The study was approved by the Unitec
Research Ethics Committee (Approval 2019-1037) (see Appendix A).

For the purposes of this study, all ultrasound reports pertaining to the muscles and
additionally the Achilles tendon and Baker’s cysts were deemed relevant to the posterior leg
and included in the study.

Sampling and Eligibility
A retrospective sample of 414 consecutive reports pertaining to the posterior leg were
extracted from the total number of available reports from the practice over the one-year
period between 1 January 2018 and 31 December 2018.
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Eligibility criteria for inclusion of report were:
1. Report was specific to the posterior leg
2. Date of scan was between 1 January 2018 and 31 December 2018
3. Must not include a request for corticosteroid injection

Data collection procedures
Pilot work was conducted to ensure that the proposed methods were feasible and of sufficient
sensitivity to produce all required reports for the study. For this process, a random month of
reports was selected and downloaded to the computer. Firstly, a ‘find’ search of the folder
using the word ‘calf’ was conducted. This reduced the number of reports to those specific to
the leg. After this search process was conducted, the research team reviewed all files for the
selected month, and reviewed each report for that month, copying all eligible reports to a new
folder. The researcher then compared the number of reports included from both methods and
found that it would be more reliable to individually review each file and determine its
eligibility for the study.

Figure 1 summarises the data collection process, indicating the numbers of reports included
at each stage of the process. All electronic records of reports from 2018 were consecutively
reviewed in monthly groups. Those reports specific to the posterior leg were copied into a
new folder on the computer and then each report printed for ease of review and processing.

After printing, all report forms were allocated an identification number (consecutive 1 to
414). From this point, the electronic records no longer needed to be accessed and did not
require anonymisation as they were only accessible to those who worked at the ultrasound
clinic. The researcher then anonymised all paper reports by using correction tape to cover all
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personal information that could be used to identify the patient (two coats on the front and one
on the back). Patient name, address, phone number, Accident Compensation Corporation
number, visit number, referrer name and referrer details were all anonymized (see Appendix
B). Following this process, the only information on the report were age (calculated prior to
being covered by correction tape), gender, scan date, clinical indication, imaging findings and
diagnostic opinion of the sonographer.

The researcher completed all data extraction and had four years of clinical and theoretical
training in the musculoskeletal field, allowing them to judiciously select appropriate
sonographic reports that met the inclusion criteria. If there was ambiguity as to whether the
report should be included, it was saved, printed and anonymized and set aside to be reviewed
later with research supervisors.
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Collecting ultrasound reports from
Sound Experience database ready for
the data extraction process

Collect all reports from 1st January to
31st December 2018
4347 total

Round 1

No

Excluded from
data set

Yes

Reports specific to the posterior leg;
calf, and those relevant ankle and knee
No request for steroid injection

n = 3023 reports
excluded

No

Yes
Consecutive ID allocated to each report
Personal patient and referrer
information redacted

n = 414 reports
included

Data extracted into spreadsheet;
Region of pain (calf, knee, ankle,
Achille’s, foot, leg vein)

Round 2
Data extracted from reports with
ultrasound findings in calf (with or
without findings in associated regions)

Round 3
Data extracted from reports with
identification of tear to posterior leg
muscle

n = 156 reports excluded for no
ultrasound findings within the
posterior leg
n = 258 reports
included
n = 195 reports excluded for no
ultrasound findings specific to
the posterior leg
n = 63 reports
included

Figure 1. Flow chart showing data collection procedures conducted in this study, depicting
the inclusion and exclusion criteria applied between each round of collection.
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Data extraction procedures
Data extraction was conducted in three rounds, increasing in specificity at each round. For
Round 1, 414 eligible reports were included. The data extracted was specific to identifying
the most prevalent site of injury. For this, the data extracted and tabulated was: report
identification number, gender, age of patient, if the patient was covered by ACC or private,
and the ‘region’ of the findings. The regions were defined as left and/or right calf, knee,
ankle, Achilles tendon, foot and leg veins. For each region where a finding was present, a
number would be added, or left blank if there was no cause for calf pain identified by
ultrasound imaging. This data was totaled at the end of this extraction round, determining
which area had the highest incidence of findings.

For Round 2 of data extraction, reports were included if there was ultrasound indication of
injury in the calf, including the Achilles tendon and Baker’s cysts. A total of 258 reports were
included at this stage of the process. This round of extraction was a detailed assessment of the
injury, reporting all descriptive characteristics identified in each structure of interest in the
calf region.

Round 3 of data extraction was specific to reports with tears of the calf muscles. The
descriptive characteristics of the ultrasound findings were extracted into a third spreadsheet;
side (left or right), muscle (medial gastrocnemius, lateral gastrocnemius, soleus, plantaris),
site (distal musculotendinous junction, proximal musculotendinous junction, muscle belly,
proximal tendon, aponeurosis, myofascia), dimensions of tear, presence of fluid
collection/haematoma, dimensions of haematoma, associated leg vein findings and findings
in associated regions. This information was then tabulated, indicating the prevalence of injury
site and associated muscle tear characteristics.
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Data analysis
Raw data from each ultrasound report was extracted and tabulated into Microsoft Excel
spreadsheets. The tabulated data was then used to calculate frequencies for each available
ultrasonographic characteristic. To investigate the difference in proportions between the
frequency of left and right injuries a chi-squared test was undertaken. The chi-squared test
was conducted using MedCalc and the chi-squared statistics calculated as recommended by
Campbell (2007), and Richardson (2011). A confidence confidence interval for difference in
proportions was calculated according to the recommended method given by Altman, Bryant,
& Gardner (2000).

Results
During the one-year study period (1st January 2018 to 31st December 2018), 4,347 ultrasound
examinations were performed in the clinic. Reports for 414 patients (9.5% of the total
reports) (Figure 1) who underwent ultrasound imaging for calf pain were included in the first
round of data extraction. The third round of data extraction focused on the 63 (1.5% of the
total 4347 ultrasound examinations) reports specific to calf muscle tears and recorded all
characteristic features of muscle tears as per the ultrasound reports. These are the reports that
met the eligibility criteria and were included in the analysis.

This study retrospectively reviewed ultrasound reports in 63 patients who sustained muscle
tears within the calf region. Table 1 shows the frequency of tears organised by age group.
The sample consisted of 27 (43%) female patients and 36 (57%) male patients. The age range
was 18 to 75 years (overall mean 44 years of age; 43.7 years of age for females, 43.3 years of
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age for males). Of the 63 reports, 44 (70%) of these occurred on the left leg while the other
19 (30%) occurred on the right leg. There was a 40% difference in proportions between leftside (44/63, 70%) compared to right-side (19/63, 30%) injury locations (difference = 40%,
95% CI 23 to 54%, Chi-square = 20.0, df =1, p<0.0001). Of these 63 reports, 29 (46%)
injuries were sustained while participating in sports, six (10%) were sustained from other
mechanisms including walking, while 27 (43%) reports did not specify the mechanism of
injury. The highest frequency of tears occurred in those aged in the 30 to 40 years of age
bracket.

Table 2 summarises the frequency of all sonographic characteristics that were reported for
calf muscle tears, including site and size of the tear, presence of fluid collection, presence of
deep vein thrombosis, and associated findings. Tears most commonly occurred in the medial
gastrocnemius, accounting for 52 (83%) of muscle tears. There were nine (14%) reports of
soleus tears, one (2%) lateral gastrocnemius tear, and one (2%) plantaris tear. There were no
reported cases of bilateral leg involvement, and no tears extended beyond one muscle.
Sixteen reports had tears to two structures within the same muscle, 12 of which involved the
distal musculotendinous junction of medial gastrocnemius and aponeurosis. There were no
isolated tears of the aponeurosis.

Figure 2 shows the longitudinal measurement and axial measurements of the 44 reports that
provided both measurements of the tears. The average dimensions of the tears were 38mm
long x 21mm axial. The majority of tears range from 6mm to 52mm axially and 15m to
40mm longitudinally in dimension. There were three reported tears with substantially larger
dimensions; two soleus tears and a lateral gastrocnemius tear.
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Twenty-two tears were associated with haematoma. Seven of these 22 reports did not record
the dimensions of the haematoma. Four large sized tears had an associated haematoma while
nine did not. The three largest tears within the sample did not have an associated haematoma.

There were six requests among the 63 reports querying the presence of a deep vein
thrombosis. One of these six reports found evidence of a deep vein thrombosis and an
additional report incidentally found a deep vein thrombosis during ultrasound. The first report
described two thrombi within the muscular veins while the second report described one
thrombus.

There were seven reports of calf pain that were not included in the final study as they were
not caused by a calf tear. Six of these reports were identified as ruptured Baker’s cysts. Of
these six referrals, there were four queries of calf strain and two queries of deep vein
thrombosis. One of these six reports did not contain a query. The seventh report reported a
“significant” haematoma which compromised image quality, resulting in the inability of the
reporting sonographer to establish the presence of underlying tissue compromise.
Furthermore, the obscured image quality resulted in the inability to determine the presence or
absence of an associated deep vein thrombosis as per the request of the referring clinician.
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Table 1. Frequency of tears per age group as seen in the total sample, and female and male subgroups
18-19y

20-29y

30-39y

40-49y

50-59y

60-69y

70-75

0 (0%)

2 (3.2%)

7 (11.1%)

12 (19.1%)

4 (6.3%)

1 (1.6%)

1 (1.6%)

Male

2 (3.2%)

2 (3.2%)

14 (22.2%)

8 (12.7%)

5 (7.9%)

4 (6.3%)

1 (1.6%)

Total

2 (3.2%)

4 (6.4%)

21 (33.3%)

20 (31.8%)

9 (14.2%)

5 (7.9%)

2 (3.2%)

Female

Note: y = years

0

Table 2. Total frequency of all descriptive characteristics of calf muscle tears as described in
the ultrasound reports
All

MG

Soleus

LG

Plantaris

63

52

9

1

1

50

43

7

0

0

Outer margin

17

17

-

-

-

Middle margin

2

2

-

-

-

Full width

3

3

-

-

-

Proximal MTJ

1

0

0

1

0

Muscle belly

7

4

3

0

0

Proximal tendon

1

1

0

0

0

Aponeurosis

12

12

0

0

0

Laminar interface

1

1

0

0

0

Myofascia

6

5

1

0

0

Distal MTJ and myofascia

1

1

0

0

0

Distal MTJ and muscle belly

2

1

1

0

0

Distal MTJ and aponeurosis

12

12

0

0

0

Muscle belly and myofascia

1

1

0

0

0

Total tears
Site
Distal MTJ

Multiple sites

0

Size of tears
Length ≤ 38mm

32

28

3

1

0

Length > 38mm

9

6

3

0

0

Axial ≤ 21mm

23

17

5

1

0

Axial > 21mm

18

17

1

0

0

Fluid collection / haematoma

22

21

1

0

0

Length ≤ 63mm

8

8

0

0

0

Length > 63mm

7

7

0

0

0

Axial ≤ 28mm

8

8

0

0

0

Axial > 28mm

7

7

0

0

0

Leg vein thrombosis

2

2

0

0

0

Other associated findings (i.e.
granulation, tenderness,
thickening)

10

10

0

0

0

Findings in associated regions
(i.e. Achilles tendon)

17

12

5

0

0

Size of fluid collection

Note: MG = medial gastrocnemius, LG = lateral gastrocnemius, MTJ = myotendinous
junction. There was no specific reporting of the site of the distal MTJ that was involved in
injury in reports pertaining to the soleus, LG and plantaris muscles, therefore, this is recorded
in the table as dashes rather than ‘0’.
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Dimension of tears
Axial measurement (mm)

60
50
40
30
20
10
0
0

20

40

60

80

100

120

140

160

180

200

Longitudinal measurement (mm)

Figure 2. Indicative dimensions of the 44 tears in which both the axial and longitudinal
dimensions were reported. Key: blue = medial gastrocnemius, orange = soleus, green =
lateral gastrocnemius. This plot does not show the ‘size’ of the tears as the tears are not a
uniform shape and are also three dimensional.
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Discussion

Overview of the objectives and results of the study
The aim of this study was to describe the characteristics of clinical information for patients
referred for ultrasound imaging of the posterior leg during a 12-month period within a
musculoskeletal ultrasound clinic in Auckland, New Zealand. The main finding was that
among the sample referred for ultrasound imaging, tears of the distal musculotendinous
junction of medial gastrocnemius were the most frequently reported injury and the highest
proportion of tears occurred in those aged between 30 and 40 years. These findings are
broadly consistent with the existing literature that states that calf muscle tears most frequently
occur at the distal musculotendinous junction of the medial gastrocnemius and are most
common among middle-aged people (1,3,5).

In addition to providing information relating to the location of tears, the present study also
presents descriptive information about tears, including which leg sustained injury (left or
right), the presence of fluid collection in association with calf tears, and the presence of deep
vein thrombosis in cases of calf tears. The present study extends previous understanding by
describing the involvement of additional characteristics in all calf muscle tears as determined
by ultrasound imaging, and highlights the potential for more replete reporting of calf tears,
which may offer more specific guidance to therapeutic reasoning for calf tear management.

Discussion of findings in relation to the wider literature
There have been two previous studies that investigated ultrasound evaluation of ‘tennis leg’
(1,3). Delgado et al (1) retrospectively investigated the association of the plantaris tendon and
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gastrocnemius in the pathogenesis of ‘tennis leg’ by retrospectively reviewing ultrasounds of
141 patients referred for imaging with clinical indication of ‘tennis leg’. It was previously
believed that ‘tennis leg’ was the result of plantaris tendon rupture (1). The authors concluded
that rupture of the plantaris tendon was infrequent and the distal musculotendinous junction
of medial gastrocnemius appeared to be the most common injury site (1). A study conducted
by Flecca et al (3) aimed to investigate the diagnostic accuracy of ultrasound in detecting
‘tennis leg’. Using a cohort study involving 35 patients with acute traumatic injury of the
calf, the authors determined ultrasound imaging to be an effective modality in imaging
‘tennis leg’ and also identifying other causes of calf pain. However, Flecca et al (3) does not
offer insight into prevalence of injury in the other muscles of the calf, but rather, focused
solely on the medial gastrocnemius. Both Delgado et al (1) and Flecca et al (3) determine that
the distal musculotendinous junction of medial gastrocnemius is the prevalent injury site in
middle-aged people. However, these studies do not capture other factors that may be present
in ultrasound reports that are of importance to the diagnosis and management of the
condition, such as involvement of the adjacent myofascia.

The results of the present study further consolidate the existing understanding that the distal
musculotendinous junction of medial gastrocnemius is the most common site of injury in the
calf, and that of those referred for ultrasound at this clinic, this injury occurs most frequently
in middle-aged people. The results of the present study revealed additional descriptive
information from ultrasound reports pertaining to calf muscle tears, including involvement of
the aponeurosis, the size of tears, and presence of associated fluid collection.

Here, there were 12 reports in which ultrasound detected a tear extending from the distal
musculotendinous junction of medial gastrocnemius into the aponeurosis. This finding
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highlights an important consideration for patient management and injury prognosis that
appears not to be described in sports medicine textbooks. The British athletics muscle injury
classification is the current guide used in describing all muscle injuries (11). Pollock et al
(12) determined that the location of a tear is an important factor in the time taken to return to
play and rates of re-injury, as different structures have different rates of recovery. Injuries
that extend into the tendon and aponeurosis are shown to be associated with longer time-loss
from sports participation, and also higher frequency of re-injury (12,13). One study found
that athletes who had sustained muscular injuries (n=52) took 3.9 ± 1.4 weeks to return to
play while those with injuries involving the connective tissue (n=18) took 7.6 ± 2.9 weeks
(13). Grade 2c injuries have a recurrence of 63% and 3c a 57% recurrence (12). This is
comparative to a 6% rate of reinjury in grade 2b injuries, and no recurrence in myofascial
injury (12). Ultrasound imaging may provide the referring clinician with a useful clinical
report of the injury that unlike magnetic resonance imaging is easily accessed, and
comparatively inexpensive. This in turn may provide the clinician with a better understanding
of the extent of the injury and which tissues are involved, leading to improved patient
management and outcomes.

The results of the present study show that injury of the left leg was more frequent than the
right leg. To the author’s knowledge, this study may be the first to show a significant
difference in proportions between injury occurring to the left or right posterior leg. While it is
possible that differences in biomechanics and neuromuscular control lead to asymmetrical
load placed on legs during sport and in turn result in unilateral injuries (14–16), the
relationship between leg dominance and leg injury appears unclear and warrants further
investigation in future studies. At least seven studies have investigated the relationship
between leg dominance and lower extremity injury (17–23). Three of these studies concluded
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no association between leg dominance and injury (21–23). However, four studies found
varying associations between leg dominance and leg injury (17–20). Three of these four
studies found that the dominant leg had a higher incidence of injury at either the ankle, knee
or quadriceps (17,19,20). Furthermore, one of these studies found no correlation between leg
dominance and calf injuries (18). However, the sample population of the study conducted by
Orchard (18) consisted of first and second grade Australian League football players, and
therefore the results are not generalisable to the general population. Although the reports
evaluated in the present study did not record leg dominance, the difference between leg
involvement suggests that it may be important to investigate the correlation between leg
dominance and calf muscle injury in the future.

Haematomas are commonly detected by ultrasound in cases of calf muscle tears. When
compared with the results from the present study, both Flecca et al (3) and Delgado et al (1)
found higher proportions of haematomas than the present study. The results of Flecca et al
(3), suggest that the presence and size of a haematoma is almost directly related to the size of
the injury. However, the present study found that there were four cases of associated
haematoma among the nine tears with larger dimensions. Furthermore, the ultrasound reports
of the three tears with the largest dimensions in the present study did not indicate haematoma.
Haematomas may be difficult to detect for two reasons. Firstly, a haematoma can remain
diffuse within the first hours following injury, appearing as a hyperechoic region within the
muscle or an abnormal distance between muscle fibres and secondly, the fluid can spread
beyond the normal margin of the aponeurosis if the aponeurosis is also torn (24). Ideally,
ultrasound imaging should be conducted between 2 to 48 hours following injury. Prior to 2
hours, the haematoma has not sufficiently formed and after 48 hours the haemtaoma may
have spread outside the margins of the muscle (24). This latter phenomenon is not described
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in the ultrasound reports included in the present study, so this does not appear to adequately
explain the comparatively low number of haematomas found. Furthermore, the data here
were obtained retrospectively, and the appropriate information to determine time elapsed
between the injury and ultrasound was not always provided by the referrer. It was therefore
not possible to determine whether the lower number of recorded haematomas in the present
study were the result of imaging being conducted prior to the formation of a haematoma, or
alternatively, if there simply was no haematoma.

Although muscle tears are among the most common causes of calf pain, ruptured Baker’s
cysts and deep vein thrombi are important differential diagnoses to be considered by
clinicians. The proportion of ruptured Baker’s cysts in the present study (n=6) is higher in
comparison to the data presented by Flecca et al (3) (n=1). Ultrasound imaging is sensitive
for the detection of cysts if they are fluid filled, and a ruptured cyst may only be visualised on
ultrasound if there was a presence of fluid tracking down the leg between the aponeuroses of
medial gastrocnemius and soleus (25–27). This limited ultrasound indication places an
importance on the clinical information (including case history) in formulating the diagnosis.
Previous studies may show a lower number of ruptured Baker’s cysts as they do not have
sufficient information available regarding the clinical history leading to a misdiagnosis of
possible ultrasound findings.

The present study identified proportionally fewer cases of tears with associated deep vein
thrombosis (n=3%) compared to the studies conducted by Flecca et al. (3) (n=14%), and
Delgado et al (1) (n=10%). Although there were few cases of deep vein thrombosis
associated with calf tears identified in the present study, it remains an important differential
diagnosis of calf pain due to the potentially serious complications, in particular pulmonary
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embolism. Furthermore, the incidental findings of deep vein thrombosis during ultrasound
may further underscore the role of imaging to confirm the presence of a deep vein thrombosis
in a patient with calf pain.

Internal validity, external validity, strengths, limitations and weaknesses
A weakness of the present study is the retrospective study design, allowing for potential
biases to be present in the study compared to a prospective approach. Such bias may include
the researcher’s personal opinions, underlying knowledge and clinical experiences. These
biases may lead to results being distorted and incorrect inferences being drawn. Another
weakness of the present study is the inability to determine the extent of diagnostic reliability
between the sonographers. Both intra- and interrater reliability cannot be controlled within
evaluation studies as it is not possible to determine if each reporting sonographer could
reproduce the same findings. Recent reliability studies have shown musculoskeletal
ultrasound to have moderate to good levels of inter- and intraobserver diagnostic reliability
(28,29). Here, the interrater diagnostic reliability between the sonographers is unlikely to be
problematic as the clinic maintains consistent practices and scanning protocols and the two
sonographers have worked closely together for more than 8 years. In addition, the same
consultant radiologist verified all reports. Interrater reliability may have been a more
significant issue if there had been multiple sonographers and radiologists with varying
degrees of experience.

A limitation of the present study is that is cannot be generalized to the wider population as it
was conducted in a single ultrasound clinic. However, as the participants of the present study
were a clinical population who had been referred for ultrasound based on clinical indication,
the study has high ecological validity, somewhat mitigating this lack of generalizability.
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Furthermore, the sample included in the present study is heterogenous. There is wide
diversity among the sample in the present study, with an age range of 18 to 75 years but
similar number of both female and male patients. For these reasons, the sample used in the
present study could be considered to reflect the characteristics of people referred for
ultrasound imaging within the New Zealand population but formal comparison with data
from ACC funded imaging of the calf was not reviewed to verify this.

Future research
Future work should be conducted prospectively, and further information pertaining to patient
demographics and health-status, mechanism of injury, symptoms, diagnosis as per ultrasound
findings and further follow-up to monitor return to daily activities might be collected. It
would be beneficial to determine the extent to which the site and size of the injury influences
recovery time and loss of function. While Pollock et al (12) has demonstrated that injury site
affects outcomes in the hamstring muscles, it seems reasonable that this may also be true in
the calf muscles, but could be usefully investigated.

Future research could also be conducted to validate ultrasound findings with reference to
magnetic resonance imaging findings of muscle injury. There is varying evidence in the
literature as to the reliability of ultrasound in detecting injury compared to magnetic
resonance imaging (1,3,6–8), and it would be beneficial to determine the reliability between
the two imaging modalities. It would be useful to formally investigate the development and
utility of a grading system for calf muscle tears based on ultrasound findings, analogous to
the British athletics muscle injury classification (11). This information could be valuable for
patients, and referrers in guiding the prognosis and management of such injuries.
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Conclusion

Injury to the posterior leg most frequently occurs at the distal musculotendinous junction in
the medial gastrocnemius and has a higher prevalence among the middle-aged population.
However, the findings of this study showed that muscle tears are not limited to the
musculotendinous junction of medial gastrocnemius, and can affect a number of
musculoskeletal structures within the posterior leg. Future research should investigate the
impact of the site and size of calf muscle tears on prognosis. Ultrasound imaging has also
shown to be beneficial in determining the presence of other conditions capable of causing leg
pain, including ruptured Baker’s cysts and deep vein thromboses. By confirming the cause of
calf pain via ultrasound, suitable management can be conducted, thus promoting the best
possible outcomes for the patient.
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Chapter III - Thesis appendix
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Appendix B: Example of ultrasound report of a medial gastrocnemius tear
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Appendix B: Example of ultrasound report with findings in the calf (not a calf tear)
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