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Abstract

Lower leg pain and injury is a common occurrence in athletes that has been
described in the medical and athletic literature. The various pathoanatomic pro-
cesses, which could present as lower leg pain in the athlete, include medial tibial
stress syndrome (MTSS), chronic exertional compartment syndrome (CECS),
stress fracture, tendinopathy, nerve entrapment syndromes, vascular syndromes,
and muscle injuries. The etiopathogenesis and clinical presentations of these
conditions are described, and a brief account of diagnostic studies and treatment
options is discussed.

Abbreviations

AMA American Medical Association

CECS  Chronic exertional compartment syndrome
EMG Electromyography

ERLP  Exercise-related leg pain

MRI Magnetic resonance imaging

MTSS  Medial tibial stress syndrome

NIRS Near-infrared spectrometry

PAES Popliteal artery entrapment syndrome

PNI Peripheral neurogenic inflammation

SPECT Single-photon emission computed tomography

31.1 Introduction

Lower leg pain and injury is acommon occurrence in athletes that has been described
in the medical and athletic literature as early as 1913. Over time, this pain has
received multiple nomenclatures, including spike soreness, shin splints, posterior
medial pain, and exercise-related leg pain (ERLP). The various pathoanatomic pro-
cesses which could present as lower leg pain in the athlete include medial tibial
stress syndrome (MTSS), chronic exertional compartment syndrome (CECS), stress
fracture, tendinopathy, nerve entrapment syndromes, vascular syndromes, and mus-
cle injuries. Of these, MTSS, stress fractures, and CECS are the most likely in an
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athlete followed by nerve entrapment and vascular etiologies (Clanton and Solcher
1994 Edwards et al. 2005). Today, the lay person often refers to all of the above as
simply “shin splints.” The American Medical Association seems to lend credence to
this concept and defines a shin splint as ““pain and discomfort in the leg from repeti-
tive running on a hard surface or forcible excessive use of foot flexors.” However, it
is the job of the astute clinician to differentiate the true etiology of the leg pain,
thereby allowing more efficient treatment and return to activity. It is an additional
challenge that several pathologies may coexist in the lower limb (Zimmermann
2013a; McCrory 2000).

31.1.1 Epidemiology

Even though lower leg pain is commonly experienced in athletes, there have been
few studies investigating the epidemiology of these injuries. It appears to be most
frequent in runners; however, other sports also at risk include basketball, gymnas-
tics, soccer, field hockey, dance, and basic military training (Yates and White 2004).
The overall incidence of injury varies from 13 to 50 %, depending on the study and
sport involved (Clement et al. 1981; Reinking 2006).

31.2 Medial Tibial Stress Syndrome

MTSS presents as diffuse pain along the posteromedial aspect of the tibia. This
complex syndrome has been referred to by many names based on the investigators’
proposed etiology which include shin splints, soleus syndrome, medial tibial syn-
drome, tibial stress syndrome, posterior tibial syndrome, and periostitis (Slocum
1967; Puranen 1974; Clement et al. 1981; Mubarak et al. 1982; Holder and Michael
1984 Michael and Holder 1985).

The term medial tibial stress syndrome, as coined by Drez, is a condition which
causes pain in the posteromedial aspect of the distal third of the tibia (Mubarak et al.
1982). At that time, it was suggested that periostitis was an essential etiology of
MTSS. However, later histologic studies refuted these claims (Johnell et al. 1982).
In addition, nuclear medicine investigations were consistent with the histologic
findings. A true inflammatory process would show increased perfusion and blood
pool on the first two phases of a bone scan, yet this is not the case in MTSS. Instead,
the increased uptake is demonstrated in the late phase, suggesting a more metabolic
cause (Rupani et al. 1985).

31.2.1 Epidemiology
It has been difficult to determine the precise incidence of MTSS because of the

varied and inconsistent terminology. Reports range from 4.1 to 35 % (Andrish et al.
1974 Yates and White 2004).
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31.2.2 Etiology

Though the anatomic site in MTSS is known, the exact pathophysiology leading to
the syndrome is still debated. Based on location of the pain, initially the tibialis
posterior muscle was implicated as the cause (James et al. 1978; Saxena et al. 1990).
However, subsequent anatomic studies demonstrated that the origin of the tibialis
posterior muscle is much more lateral than originally thought, thereby eliminating
it as the source of pain (Michael and Holder 1985).

More recently the fascial insertion for the soleus has been implicated (Bouche
and Johnson 2007; Stickley et al. 2009). Holder and Michael are credited to first
point out the characteristic abnormality on the triple-phase bone scan where there
was diffuse increased uptake on the posteromedial tibia only on the late phase of the
scan (Holder and Michael 1984). Later, in cadaveric and EMG studies, they discov-
ered that this area corresponded to the fascial insertion for the soleus called soleus
bridge. Other studies pointed instead to the flexor digitorum longus (FDL) as a
potential source as it appears to have a similar distribution of origin as the soleus
(Garth and Miller 1989; Beck and Osternig 1994).

However, the most accepted etiology of MTSS is the traction theory. The medial
portion of the soleus must contract eccentrically during the stance phase when the
foot moves from supination to pronation. This results in increased stress at the fas-
cial insertion for the soleus and disrupts the Sharpey’s fibers, thereby producing
MTSS (Michael and Holder 1985).

31.2.3 Biomechanics and Risk Factors

Apart from the traction explanation, many other theories have been put forward to
explain MTSS. Another explanation is that repeated bending or bowing causes
MTSS similar to a stress fracture. The point of the most profound bending is at the
site where the tibia is narrowest, the junction of the mid- and distal thirds (Milgrom
et al. 1989). The evidence to this theory was provided by Franklyn et al. in a cohort
study. They showed that subjects with MTSS and tibial stress fractures were less
adapted than aerobic controls to axial loading, torsion, and maximum and minimum
bending rigidity (Franklyn et al. 2008). Further support to this hypothesis is pro-
vided by Magnusson who demonstrated that MTSS is associated with low regional
bone mineral density (Magnusson et al. 2001).

Excessive foot pronation is the front-runner as a risk factor for MTSS. Bennett
et al. reported a positive correlation between navicular drop used as a measure of
pronation and incidence of MTSS (Bennett et al. 2001). Excessive pronation of the
foot combined with repetitive impact activity has been implicated (Viitasalo and
Kvist 1983; Messier and Pittala 1988; Sommer and Vallentyne 1995). Viitisalo et al.
found in a cinematographic analysis of runners that individuals with MTSS had a
greater degree of pronation than control subjects who did not have MTSS (Viitasalo
and Kvist 1983). Messier et al. reconfirmed the above finding in their cinemato-
graphic anthropometric study. In addition to greater maximum pronation, subjects
with MTSS also demonstrated increased maximum velocity of pronation (Messier
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and Pittala 1988). Varus forefoot and hindfoot abnormalities have also been associ-
ated with this syndrome (Sommer and Vallentyne 1995).

Multiple risk factors are considered significant in the development of MTSS. In
addition to excessive pronation, these include female sex, BMI greater than 21,
previous history of MTSS, increased hip rotation, and small calf girth (Burne et al.
2004; Yates and White 2004; Plisky et al. 2007; Hubbard et al. 2009; Moen et al.
2012a). Other risk factors implicated include increase in running intensity, longer
running distance, change in running shoes, and running on different terrain, but they
are not supported by appropriate evidence (Beck 1998; Kortebein et al. 2000).

31.2.4 Clinical Presentation

31.2.4.1 History

The most common complaint is a dull aching pain along the posteromedial aspect of
the distal tibia. Initially, the pain usually occurs at the beginning of the run and resolves
with continued exercise, only to recur later at the end of the workout. Eventually, the
pain does not subside during the exercise and will only be relieved with rest. With
continued exercise, the pain may sharpen during exercise and even persist at rest.
However, there are no complaints of paresthesias. The patient may give history of
abrupt increase in frequency, duration, or intensity of training. A recent change in
workout terrain or shoes may also be elicited.

31.2.4.2 Physical Examination

There typically will be diffuse tenderness along the posteromedial tibia involving
the most distal 1/3 of the posterior medial tibial border (Yates and White 2004).
Palpable pain locations in the muscles may be attributed to trigger points and/or
peripheral neurogenic inflammation (PNI) (Zimmermann 2013b). Occasionally,
there may be evidence of swelling or warmth in the region (Clanton and Solcher
1994: Fredericson et al. 1995). Less commonly, discomfort could be reproduced on
stretching or contraction of the soleus muscle (Barry and McGuire 1996). The mus-
cle could be loaded in different ways to reproduce the symptoms. These maneuvers
include forced passive dorsiflexion, active plantar flexion against resistance, one-/
two-legged standing toe raises, or one-/two-legged standing hop (Clement 1974;
James et al. 1978).

Careful evaluation of foot position for hyperpronation and subtalar valgus should
be performed. Individuals with MTSS have greater subtalar motion as compared to
controls. A standing foot angle of <140° is also associated with MTSS (Slocum
1967; Sommer and Vallentyne 1995).

31.2.5 Imaging
The necessity of imaging studies in the setting of a thorough history and exami-

nation is at best questionable as the diagnosis is more clinical than radiological.
However, imaging could be sought to differentiate from other entities, especially
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stress fracture. Plain radiographs are of little help in MTSS (Anderson et al.
1997; Magnusson et al. 2001; Aoki et al. 2004). Infrequently cortical hypertro-
phy may be noted (Batt et al. 1998). If any other findings such as scalloping,
subperiosteal lucency, or a black line are seen, a stress fracture should be
suspected.

A triple-phase bone scan is by far the most sensitive test for MTSS (Gaeta et al.
2005). It was first described by Holder and Michael and shows diffuse increase in
uptake in the delayed phase along the posteromedial tibia (Holder and Michael
1984). The bone scan is also helpful to differentiate MTSS from the stress frac-
ture. Medial and lateral spot views are required to clearly delineate the region of
uptake. A limitation of the triple-phase bone scan is that it lacks specificity (Batt
et al. 1998). Adding SPECT-CT to the late phase may help to increase the
specificity.

MRI scan also has been shown to have a high sensitivity and specificity (Batt
et al. 1998; Gaeta et al. 2005). MRI demonstrates diffuse abnormalities adjacent
to the insertion of all the deep flexor compartment muscles. The other MRI find-
ings reported include increased periosteal fluid and bone marrow edema
(Anderson et al. 1997; Mattila et al. 1999). Fredericson et al. developed a grading
system for stress reaction in runners based on clinical findings, bone scan, and
MRI and concluded that there is no correlation between bone scintigraphy and
MRI findings, which was later refuted by another study (Fredericson et al. 1995;
Batt et al. 1998).

High-resolution computed tomography is another modality that has been evalu-
ated. It demonstrated posteromedial cortical osteopenia in patients with MTSS with
a sensitivity of 42 % and specificity of 100 % (Gaeta et al. 2006).

Despite the imaging modalities available, differentiating between an early stress
fracture and MTSS is still a radiologic challenge.

31.2.6 Treatment

Initial management of MTSS usually involves relative rest. Specifically, running
activity should be avoided completely, or the intensity and duration should be
drastically reduced so that pain scores do not exceed 4 out of 10 on a self-scoring
scale.

If the pain is brought on by activities of daily living, a period of non-weight bear-
ing is advisable which should be continued until the patient is pain-free. Cross-
training exercises such as swimming, cycling, or water running should be utilized to
maintain cardiorespiratory fitness of the athlete. Other modalities such as cryother-
apy, ice massage, phonophoresis, and bone stimulation have been advocated with-
out any evidence as to efficacy of such treatment (Kortebein et al. 2000). Bracing on
its own has shown no additional value (Moen et al. 2010). Compression sleeves do
not improve time to onset of symptoms in patients with MTSS (Zimmermann
2013a), but they are appreciated by patients for their sense of support and comfort
(Moen et al. 2012b; Zimmermann 2013a).

31 Lower Leg Injuries 695

Adequate calcium balance and vitamine D optimization is recommended, espe-
cially in females. As MTSS is not an inflammatory disorder, routine and prolonged
use of NSAIDs is not warranted. Acetaminophen is advised if analgesia in desired.

If required, correction of malalignment with appropriate orthotics is attempted
(Loudon and Dolphino 2010). Once pain-free, the training is gradually increased in
duration and intensity, progressing at the rate of 10 % per week.

Two studies reported good results with ESWT for recalcitrant cases (Rompe
etal. 2010; Moen et al. 2012b). Nissen et al. investigated low-energy laser treatment
for MTSS and found no statistical difference between those treated with the laser
and those with placebo (Nissen et al. 1994). In recalcitrant cases, surgical proce-
dures such as fasciotomy of the posteromedial superficial and deep fascia or perios-
teal strip excision along the involved tibial border could be pursued, but the results
are modest (Wallensten 1983).

Athletes and coaches should be made aware of the preventative measures for
MTSS to include correction of improper running technique, maintenance of strength
and flexibility, changing of footwear after every 300 miles, shock-absorbing insoles,
and proper training programs (Beck 1998).

31.3 Stress Fractures

Stress fractures of the lower extremity account for up to 80 % of all stress fractures
(Brewer and Gregory 2012). The tibia is the most common site (23.6 %). The other
bones include the tarsal navicular (17.6 %), metatarsal (16.2 %), fibula (15.5 %),
femur (6.6 %), and pelvis (1.6 %) (Brukner et al. 1996). Persons who participate in
repetitive high-intensity training such as athletes and military recruits are more
likely to suffer from stress fractures. Recreational runners who run at least 25 miles
per week are also likely to suffer from stress fractures. Also at increased risk are
athletes in soccer, track and field, and dancing (Bennell and Brukner 1997). Women
are more at risk than men to develop stress fractures (Matheson et al. 1987).

31.3.1 Etiology

Stress fractures are caused by repetitive loading with resulting bony microfracture.
Imbalance in bone turnover with lagging bone production could also potentiate a
stress fracture. This is especially found in the setting of sudden change in intensity,
duration, or frequency of training (Boden et al. 2001). Another contributory factor
could be muscle fatigue whereby the muscles fail to provide adequate shock absorp-
tion and thus allow more forces to be delivered to the bone (Meyer et al. 1993).
Other possible factors implicated include poor nutrition, hormonal imbalance, and
metabolic disorders, particularly in the female athletes (Bennell et al. 1999).

Although many other variables like age, bone mineral density, limb alignment,
limb length discrepancy, and alcohol consumption have been suggested as risk
factors, definitive evidence is lacking.
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31.3.2 Clinical Presentation

The initial presentation is gradual-onset activity-related pain that initially improves
with rest. With continued chronicity and development of fracture, the pain is con-
stant and ultimately present with all weight-bearing activities. The patient may
admit to sudden increase in duration or intensity of training. Other considerations
include general nutritional status and dietary and menstrual history.

On examination, focal tenderness is elicited over the area of pathology. As the
tibia is the most common bone fractured, both stress fracture and MTSS present
with similar local findings. However, the pain in MTSS is more diffuse as compared
to the focal tenderness in stress fracture. Edema may not be evident. The single-leg
hop test is an often used physical exam test for stress fractures. Another diagnostic
test used is the tuning fork test, that is, applying a vibrating tuning fork to the frac-
ture site to elicit pain (Lesho 1997). A fulcrum test or twisting force may also repro-
duce the pain as well as compression of tibiofibular syndesmosis. The examination
should also include assessment of limb length, alignment, and muscle tone.

The common differential diagnosis in the leg includes MTSS, CECS, tendinopa-
thies, and neurovascular syndromes. It is also important to rule out malignancies,
such as Ewing’s sarcoma and osteosarcoma (Fayad et al. 2005).

31.3.3 Imaging

Plain radiographs are the first line of investigation because of availability and low
cost. They have, however, a sensitivity of only 15 % in the first week, which is
increased to up to 70 % at 3 weeks (Boden and Osbahr 2000). The x-ray may show
direct evidence of the fracture with lucency or more commonly indirect evidence in
the form of periosteal reaction, cortical changes with initial decreased density (gray
cortex), and sometimes callus formation or endosteal thickening and sclerosis
(Boden et al. 2001; Ohta-Fukushima et al. 2002).

CT scan has shown less sensitivity than bone scan or MRI and hence has been
superseded by the latter for diagnosing stress fractures (Gaeta et al. 2005; Groves
et al. 2005).

Triple-phase bone scintigraphy is a highly sensitive investigation to differentiate
between MTSS and stress fracture (Gaeta et al. 2005). The former shows diffuse
uptake in the delayed phase, while the latter shows localized tracer activity in all the
three phases. However, scintigraphy can be falsely positive in cases of infection and
bone tumor (Fayad et al. 20053).

More recently MRI has replaced scintigraphy as the investigation of choice
despite cost and availability. It has sensitivity nearly equal to scintigraphy. The MRI
usually shows bone edema at the site of fracture. MRI may also help in identifying
reactive bone remodeling (interpreted as early stress injuries). MRI has the additional
advantage of being able to evaluate surrounding soft tissues (Gaeta et al. 2005).
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Although musculoskeletal ultrasound has shown much promise in soft tissue
work, its use for the diagnosis of stress fracture is limited. One small study found
that ultrasonography had a sensitivity of 83 %, specificity of 75 %, a positive predic-
tive value of 58.8 %, and a negative predictive value of 91.7 % for metatarsal frac-
tures (Banal et al. 2009). More investigation is required prior to routine adoption of
ultrasound in the diagnosis of bony stress injury.

31.3.4 Treatment

Initial management of most stress fractures is nonoperative. The specific manage-
ment depends on the nature and location of the fracture. Fibular and posteromedial
tibia fractures are considered low risk and can be treated with less aggressive means.
Anterior tibia and malleolar fractures are categorized as high risk and should be
aggressively managed with casting, non-weight bearing, and use of bone stimula-
tion (Mollon et al. 2008). The healing time can vary from 4 to 12 weeks or even
longer dependent upon the location. The treatment begins with relative rest and
non-weight bearing in high-risk injuries. Predisposing factors if present, such as
suboptimal nutrition and hormonal imbalance, should be corrected. Analgesia with
acetaminophen is recommended for pain control; however, NSAIDs should be
avoided considering their negative effect on bone healing in animal studies (Wheeler
and Batt 2005).

The use of crutches, pneumatic compression walking boots, or stirrup bracing is
recommended (Rome et al. 2005). The use of shoe lifts, footwear changes, or orthot-
ics may be necessary if limb malalignment is present.

The most common site for tibial fracture is on the posteromedial cortex. It is
treated by relative rest followed by gradual resumption of graded activity. The frac-
ture may take 2—4 months to heal. A pneumatic brace can decrease the time to return
to full activity (Swenson et al. 1997). Anterior tibial cortical fractures are more
troublesome. Since they are on the tension side of the bone, they are more likely to
end up into delayed or nonunion. They may entail the use of cast treatment for up to
6 months (Boden and Osbahr 2000). If conservative measures fail, surgical fixation
with drilling, osteosynthesis, or intramedullary rod may be required (Orava et al.
1991; Lassus et al. 2002).

31.3.5 Prevention

Preventative measures include modification of training intensity and formulation of
individual training schedules for each athlete. Emphasis should be on proper nutri-
tion maintenance and supplementation if required. Shock-absorbing insoles have
been shown to be effective in decreasing lower extremity fractures in military
recruits (Rome et al. 2005; Shaffer and Uhl 2006).
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31.4 Chronic Exertional Compartment Syndrome

CECS is a less common cause of leg pain, but some studies of referral centers have
reported an incidence as high as 27-33 % (Styf 1988; Clanton and Solcher 1994). It
is defined as reversible ischemia occurring within a closed fibro-osseous space,
which leads to decreased tissue perfusion and ischaemic pain. It is most commonly
seen in runners but can also occur in sports requiring repetitive jumping and cutting
such as basketball, soccer, and field hockey and basic military training. One of the
first reports was described in 1956 by Mavor, when he described the case of a soccer
player who was relieved with a fasciotomy (Mavor 1956). CECS most commonly
occurs in the lower leg but has also been reported in the thigh and forearm (McDonald
et al. 2006).

The anterior compartment is most commonly involved (45 %) followed by the
deep posterior compartment (40 %). Infrequently affected are the lateral (10 %) and
superficial posterior compartments (5 %) (Edwards and Myerson 1996). Symptoms
are bilateral in 50-70 %, and both sexes are equally affected (Touliopolous and
Hershman 1999; Glorioso and Wilkens 2001).

31.4.1 Etiology

The lower leg is divided into four compartments: anterior, lateral, superficial poste-
rior, and deep posterior. The anterior compartment contains the anterior tibial ves-
sels and the deep peroneal nerve, while the deep posterior compartment contains the
posterior tibial nerve and posterior tibial artery. The remaining two compartments
only have major nerves. The lateral compartment has the superficial peroneal nerve,
and the superficial posterior compartment contains the sural nerve.

The pathophysiology of CECS is multifactorial. Broadly these factors can
include normal muscle swelling that occurs with activity, constrains of a fixed mus-
cular compartment, abnormally thickened fascia, muscle hypertrophy in response to
resistance training, and dynamic contraction patterns during gait (Brennan and
Kane 2003). With physical activity, the muscle volume increases up to 20 % due to
increase in blood flow (Lundvall et al. 1972; Edwards and Myerson 1996; Glorioso
and Wilkens 2001). If the fascia is noncompliant, the resultant volume expansion
leads to an increase in the pressure within the compartment. After a certain thresh-
old, the pressure becomes so much as to impede venous return and arterial blood
flow. This results in focal ischemia and trapping of metabolic excretions within the
compartment, leading to pain. This pain is only relieved when the compartment
pressure decreases in the hours after the activity has been terminated.

Various anatomic variants also play an important role in the causation of
CECS. These include conditions like fascial defects, preponderance of lower capil-
lary density among predisposed individuals, and arterial regulations and blood flow
(Fronek et al. 1987; Edmundsson et al. 2010). Creatine supplementation has also
been postulated to contribute CECS (Glorioso and Wilkens 2001).
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31.4.2 Clinical Presentation

Patients classically have pain during exercise or activity which is described as a
dull, cramping, or burning sensation over the involved compartment which may
persist even after the activity has ceased. There is almost always no rest pain.
Typically the patient is a young runner who experiences recurrent pain after exercise
at a reproducible point during exercise (Jones and James 1987). They may complain
of numbness or weakness in the lower leg. As the chronicity of the condition
increases, the period of time to onset of symptoms during exercise shortens.

High resting muscle tone and fascial herniations indicate that pressures during
exercise may surpass pathological levels.

It is essential to provoke the patient’s complaints with an exercise test.
Zimmermann proposes a standardized treadmill running test with a pain scor-
ing system that allows differentiation of several diagnoses per patient
(Zimmermann 2012) (Fig. 31.1).

Repeat physical examination is warranted after a bout of provocative physical
activity. One may find evidence of paresthesias, giving an indication as to which
compartment is involved. Fascial herniations may be visualized. On palpation, the
affected compartment will have increased tightness. In severe cases, muscle weak-
ness and atrophy may be evident (George and Hutchinson 2012). In exceptional
cases, CECS may progress into acute compartment syndrome if intensive sports
participation is not stopped. Patients should be advised of this rare complication.

31.4.3 Diagnostic Investigation

Radiographs are unremarkable in patients with CECS. Compartment pressure test-
ing is the gold standard for diagnosis. Post-exertional measures are required (Aweid
et al. 2012). Pre-exertional measures may provide useful additional information
(Paik et al. 2013). All four compartments should be routinely measured to prevent
risk of recurrence and surgical failure. Many different methods have been described
to measure the compartment pressure including slit catheter (Rorabeck et al. 1981),
needle manometer (Whitesides et al. 1975), wick catheter (Mubarak et al. 1976),
microcapillary infusion (Styf and Korner 1986), and microtip pressure method
(McDermott et al. 1982). In a laboratory model, the arterial line manometer and
Stryker devices (Fig. 31.2) are the most accurate (Boody and Wongworawat 2005).
However, this has yet to be confirmed in vivo.

The criteria by Pedowitz are generally used in the diagnosis of CECS (Pedowitz
et al. 1990). One of the following criteria must be present in addition to proper his-
tory and physical examination:

» Resting pressure >15 mmHg
1 min postexercise pressure >30 mmHg
* 5 min postexercise pressure >20 mmHg
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Fig.31.1 Lower leg pain profile, pain scores in 4 regions, Zimmermann (2012)

Fig.31.2 Stryker intracompartmental pressure monitor

Whitesides proposed an alternate criterion, with a pressure increase within
20 mmHg of the diastolic blood pressure considered diagnostic (Whitesides and
Heckman 1996).

Table 31.1 lists several other reported diagnostic criteria for CECS. It is impor-
tant to note that intracompartmental pressure measurements are influenced by ankle
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Table 31.1 Diagnostic criteria for chronic exertional compartment syndrome

‘. nnﬁn.w .. S annqwxﬁ.&mm 1 B:.. wo..mﬁxmn&mn 5 min postexercise
Pedowitz >15 >30 >20

Veith >12 >30 >20

Hutchinson and Ireland >10 - >25

Verleisdonk - >35 -

All measurements expressed in mmHg (Veith et al. 1980: Pedowitz et al. 1990; Hutchinson and
Ireland 1994; Verleisdonk 2002)

and knee position and muscular tension (Gershuni et al. 1984). Clinicians are rec-
ommended to use a protocol with standardized catheter depth, exercise type, inten-
sity and duration, footwear, and equipment. It may be wise to raise diagnostic
thresholds to improve test specificity at the expense of sensitivity (Roberts and
Franklyn-Miller 2012). Simultaneous intramuscular pressure and surface electro-
myography (EMG) measurement may prevent false diagnosis of CECS. The EMG
detects remaining muscle contractions that elevate intracompartmental pressure
(Zhang et al. 2011).

These are all invasive approaches, and recently interest has been drawn toward
noninvasive pressure monitoring with the use of near-infrared spectroscopy and
MRI. Near-infrared spectroscopy shows the deoxygenation of muscles during exer-
cise and delayed reoxygenation postexercise in patients with CECS (Breit et al.
1997: Mohler et al. 1997; Zhang et al. 2001; van den Brand et al. 2004, Zhang et al
2012). MRI shows increased signal intensity in the involved compartment on
T2-weighted sequence during exercise. If the compartment fails to return to base-
line appearance within 25 min after exercise, it is considered diagnostic (Amendola
et al. 1990; Verleisdonk et al. 2001). Other findings that could be seen on MRI are
compartment bulging, effacement of fascial planes, convex deep fascial margins,
and muscle herniation through fascial defects (Bresler et al. 2012). The usefulness
of MRI for diagnosis has been called into question by Andreisek who found no dif-
ference in MRIs of healthy versus confirmed CECS patients at 3, 6, 9, 12, and
15 min postexercise (Andreisek et al. 2009).

31.4.4 Treatment

Nonsurgical management of CECS is frequently ineffective. Micheli et al. assessed
multiple modalities including ice, rest, electrostimulation, and stretching and found
that only prolonged rest and activity cessation were effective (Micheli et al. 1999).
Recently, promising results have been reported with changing running technique in
patients with CECS of the anterior compartment (Diebal et al. 2012). Anterior com-
partment pressures are significantly influenced by landing style (Kirby and
McDermott 1983).

The use of compression sleeves (Fig. 31.3) is counterproductive, as they are not
tolerated by patients with affirmed CECS. The sleeves increase already high
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Fig.31.3 Sport compression
sleeves

intramuscular pressures and reduce the time of onset of complaints during exercise
(Zimmermann 2013a).

Commonly, a fasciotomy of the involved compartment is required, which can be
performed through an open subcutaneous manner or an endoscopic approach (Ota
et al. 1999; Leversedge et al. 2002; Lohrer and Nauck 2007; Wittstein et al. 2010).
Consistent results are usually obtained after release of the anterior and lateral com-
partment (80 %) but not after release of the superficial and deep posterior compart-
ment (50 %) (Howard et al. 2000; van Zoest et al. 2008). Fasciotomy is not without
its short-term and long-term complications, which include hematoma formation,
infection, scarring, venous thromboembolism, nerve injury, inadequate release,
unrecognized nerve impingement (George and Hutchinson 2012), and venous insuf-
ficiency. Surgery for CECS reduces pain, but patients should be counseled that they
may not return to their preinjury level of exercise or remain pain-free (Slimmon
et al. 2002).

31.5 Popliteal Artery Entrapment Syndrome

Popliteal artery entrapment syndrome (PAES) is a rare entity but can be of devastat-
ing consequence if unrecognized and left untreated. The syndrome occurs most
commonly in young active men (Stager and Clement 1999). The reported incidence
is 0.2-3.5 % (Anil et al. 2011).

31.5.1 Etiology

PAES commonly results from abnormal anatomic relationship between the popli-
teal artery and the surrounding musculofascial envelope (Lambert and Wilkins
1999; Stager and Clement 1999). Four types of PAES have been described and
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classified according to Whelan-Rich (Love and Whelan 19635; Rich et al. 1979).
Type 1 occurs when the popliteal artery has a course medial to the medial head of
the gastrocnemius muscle. In type 2, the arterial course is normal but the medial
head of the gastrocnemius arises from abnormal lateral position. In type 3, there is
an abnormal slip of the muscle that arises from the gastrocnemius and compresses
the popliteal artery. In type 4, there is an abnormal fibrous band or the popliteus
muscle itself compresses the popliteal artery. Type 5, though not originally reported
by Whelan, refers to involvement of the popliteal vein. Type 6 is when the anatomy
is normal, but there is hypertrophy of the surrounding musculature compressing the
artery (functional PAES) (Turnipseed 2009). In addition to the above, repeated
trauma to the artery can result in damage to the arterial wall resulting in atheroscle-
rosis or possible thrombus formation. Moreover, there is a possibility of formation
of aneurysm distal to the constriction with resultant embolization of the thrombi.

Other potential vascular causes in athletes of lower limb pain include intimal
hyperplasia, popliteal artery aneurysm, peripheral arterial dissections, and cystic
adventitial disease (Pham et al. 2007).

31.5.2 Clinical Presentation

The typical history is of claudication pain in a young athlete, which may be associ-
ated with paresthesias. The pain is brought on by activity at a predetermined dis-
tance and usually relieved with rest. Rarely, there may be discoloration of the foot
or toes. There is no pain at rest.

Physical examination may reveal abnormal pulses, fullness from an aneurysm, or
a normal exam. In the latter case, it may be prudent to palpate the dorsalis pedis and/
or tibial arterial pulse and compare pulses when the ankle is in neutral position,
maximal dorsiflexion, and maximal plantar flexion. In suspected cases, investiga-
tion for an abnormal ankle brachial pressure index could be pursued (normal >0.9).

31.5.3 Diagnostic Imaging

Direct angiography is the gold standard to diagnose PAES. Though angiography
can successfully diagnose the arterial constriction, it can shed little light on the
exact cause of the stenosis. This is where MR angiography supersedes conventional
angiography in that abnormal muscle origin or accessory muscle head could be
identified. Moreover, MRI can provide real-time images with the patient performing
active dorsiflexion and plantar flexion. Contrast-enhanced MR is helpful in dealing
with turbulence and flow patterns in an aneurysm and can successfully delineate the
correct lumen of the artery (Elias et al. 2003). It is recommended that MR examina-
tions should be done in a bilateral setting as bilateral involvement is seen in 30-60 %
of the patients (Anil et al. 2011). Computed tomography angiography is advanta-
geous as both extremities could be scanned simultaneously with a single bolus and
it is faster than MR (Anil et al. 2011).
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31.5.4 Treatment

The treatment is almost always surgical with the exact operation guided by the
abnormality present. It could either take the form of surgical excision of the offend-
ing structure, venous bypass, or an interpositional graft. Other alternatives include
endoluminal revascularization (Meier et al. 2010).

Conclusion

Lower leg pain is a common occurrence in athletics. To determine the true etiol-
ogy, the astute clinician must perform a detailed history and physical examina-
tion. Adjunctive testing can assist in confirming the diagnosis. MTSS is the most
common cause of exertional lower leg pain. The patient will have diffuse poste-
rior medial tibial pain, whereas the discomfort of a stress fracture is more focal.
CECS causes reproducible lower leg pain with tightness and associated neuro-
pathic findings in the affected compartment. Exertional compartment testing is
required for diagnosis. In contrast, popliteal artery entrapment syndrome results
in exertional claudication and can be confirmed on functional MR angiography.
The treatment for MTSS and stress fracture is typically conservative, while that
of CECS and PAES often requires surgical intervention.
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