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Abstract
Sport related compression syndrome can be defined as the various symptoms related to compression of nerves and 

vessels by surrounding tissues which appearance or exacerbation is associated with physical activity. A great variety of 
abnormal compressions of nerves, arteries and rarely veins may appear in athletes and other physically active individuals. 
Most frequent syndromes are: thoracic outlet syndrome, popliteal artery entrapment syndrome, chronic exertional compart-
ment syndrome, acute exertional compartment syndrome, upper extremity exertional compartment syndrome. They result in 
exercise-induced pain, swelling of the limb, paresthesias, ischemia and intermittent claudication that can significantly affect 
athletic performance. Therefore the importance of a careful clinical investigation and early diagnosis should be emphasized 
to provide appropriate conservative or surgical treatment and prevent further complications. The purpose of this review is 
to present the anatomy, patophysiology, diagnosis and treatment of theese particular pathologies.
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Introduction
Sport related compression syndrome can be de-

fined as the various symptoms related to compres-
sion of nerves and vessels by surrounding tissues 
which appearance or exacerbation is associated with 
physical activity. An abuse injury resulting in pain 
and muscle stiffness can emerge in areas where the 
space available for tissues (e.g. muscles, nerves, and 
blood vessels) is limited. During exercise the tissues 
become swollen and pressed against another structure 
and becomes ischemic, deinnervated, inflamed or 
damaged. Compression of the nerve result in an in-
ability to transmit impulses due to direct damage of 
compressed nerve fibres or indirect destruction caused 
by restriction in oxygen supply. Compression of the 
veins leads to angioneurotic disorders, characterized 
by edema and cyanosis, which appear as a result of 
reduced blood outflow from restricted area while 
arteries remain intact. Compression of the arteries is 
exciting cause of acute or chronic ischemia as a result 
of inadequate blood flow to the affected region or the 
local complications of artery including aneurysm or 
distal microembolisation. A great variety of abnormal 
compressions of nerves, arteries and seldom veins may 
appear in athletes and other highly physical active 
individuals, including the most frequent diseases such 
as: thoracic outlet syndrome, popliteal artery entrap-
ment syndrome, chronic exertional compartment 
syndrome, acute exertional compartment syndrome, 

upper extremity exertional compartment syndrome. 
The purpose of this review is to present the anatomy, 
pathophysiology, diagnosis and treatment of theese 
particular pathologies.

Thoracic outlet syndrome
Aetiology

Thoracic outlet syndrome (TOS) consists of a 
group of distinct disorders produced by compression 
of the vessels and nerves of the upper limbs when 
they pass into the arms from the neck [1].  TOS is 
an often misdiagnosed cause of neck, shoulder and 
arm ailments [2, 3]. Although the term thoracic outlet 
syndrome and its definition (state with compres-
sion of neurovascular bundle in the thoracic outlet 
region) was proposed in 1956 by Peet, its proper 
diagnostic and therapeutic management still remains 
controversial [2-5]. The complexity of TOS arises 
from the statement that many different disorders 
such as cervical rib syndrome, Naffziger’s syndrome 
- anterior scalenus muscle syndrome, costoclavicular 
syndrome, hyperabduction, clavicle fracture, pecto-
ral minor muscle syndrome, head of humeral bone 
syndrome, exertional axillary vein thrombosis, result 
in TOS appearance [1].

Pathophysiology
The stage, level and type of compression or the 

stretching of the neurovascular bundle is responsible 
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for visible clinical symptoms [2, 6–8]. Patients suffering 
from TOS can be divided into four groups presenting 
only neurological, arterial, venous or mixed-aethiol-
ogy symptoms. Approximately 95% of patients suffer 
from neurological symptoms but most of them pres-
ent also vascular symptoms [1]. Neurogenic type, the 
most frequent type of TOS  is usually connected with 
dysesthesia (hyperesthesia, hypoesthesia, paresthesia), 
vasomotoric disturbances and pain which can affect 
each part of the upper limb or radiates to the neck and  
can also imitate the stenocardial pain (pseudoangina). 
The remarkable muscular atrophy can be observed as 
a consequence of progression of this condition. The 
venous type is connected with limb oedema involving 
the shoulder girdle and hand or finger cyanosis ap-
pearing usually in association with physical effort. The 
arterial type is described as acute or chronic ischemia 
of the upper limbs or the presence of local complica-
tions including subclavian artery aneurysm or distal 
microembolisation [1, 9, 10]. 

The appearance of TOS symptoms are related to the 
certain positions of the body (physiological dropping 
of the shoulder girdle, faulty posture: anteversion of 
the pelvis with lumbar lordosis abolition, reduction 
of pectoral kyphosis) or to upper limb position and 
movement. Exertional elevation and abduction of the 
arm as well as prolonged forced upper extremity posi-
tion which can occur during sleep are considered to 
be of great significance for the syndrome’s appearance 
(nerve and artery compression, Paget-Schroeter syn-
drome) while restitution of neutral position is associ-
ated with pain relief and reduction of other symptoms. 
TOS occurs mainly in young athletes, especially these 
practicing strength disciplines (body-building, weight 
lifting, rowing) and sports requiring wide range of 
movements in the shoulder joint (gymnastics, swim-
ming) [9, 11-14].

Diagnostic
The diagnosis of TOS consists of clinical tests, 

noninvasive imaging (X-rays, Duplex-Doppler ul-
trasounds) and invasive methods (phlebography, 
arteriography, electromyography) in selected cases. 
Clinical tests consist of provocation of the compression 
by abduction of the shoulder (Wright’s test), abduction 
and external rotation (AER test) or directing the face 
on the opposite side and upwards (Adson’s test). The 
positive test result manifests with dimminishing of the 
palpable pulse on the radial artery on examined arm 
due to compression of the subclavian artery. The re-
sults can be obiectivised by use of the Duplex-Doppler 
sonography during the examination. Theese tests are 
adequqte only for arterial pathology. The clinical tests 
should be always accompanied by diagnostic imaging 
apropriate for suspected pathology.

Management
Both conservative and surgical treatment can be 

used for the TOS. Conservative treatment consisting 
of rehabilitation, painkillers or physiotherapy should 
precede invasive surgical intervention [15].

The standard surgical treatment includes the first rib 
resection and excision of other bone (i.e. additional cer-
vical rib) or fibromuscular anomalies, such as scalenec-
tomy. The transaxillar access provides the best cosmetic 
results which is quite important especially for women. 
The complications of compression of the artery require 
decompressive surgery and vascular reconstruction. The 
necessity of vascular anastomoses determines the over 
and/or subclavicular access. In the case of aneurysm the 
vascular prosthesis or saphenous vein interposition graft 
can be used. Because of the risk of compression there is 
an indication for reinforced prosthetic grafts. There are 
reports of endovascular procedures of treating the an-
eurysms and stenoses of subclavian artery in TOS. Such 
procedures consist of percutaneous implantation of the 
covered stent (wallstent) into the aneurysm or can be 
preeceded by angioplasty stabilised by traditional metal 
stent [1-5,7-9]. The same method can be used in case 
of postthrombotic stenosis of the subclavian or axillar 
vein [22]. Open surgery decompression of the subcla-
vian vein prevents the restenosis. Currently the venous 
thrombectomy is very rarely performed because of the 
risk of the intraoperative pulmonary artery embolisa-
tion or recurrent thrombosis. Indications for surgical 
treatment in neurological TOS include anomalies in 
nerve conduction or somatosensory evoked potentials 
disturbances. The surgery prevents the irreversible bra-
chial plexus degeneration and enables fast recovery and 
immediate return to previous sport activity [16-24].

Popliteal artery entrapment syndrome
Aethiology

Popliteal artery entrapment syndrome (PAES) is an 
important although infrequent cause of serious disability 
and lower-extremity claudication among young adults 
with low cardiovascular risk and athletes associated with 
abnormal anatomic relationships between the popliteal 
artery and surrounding musculotendinous structures. 
Hypertrophy of the calf muscles induced by recurring 
sudden and forceful muscle contractions related to sport 
activities especially team sports, such as soccer, rugby, 
basketball, and martial arts constitutes the most frequent 
reason for PAES development [25]. Originally PAES was 
described by Anderson Stuart in 1879 [26]. The first 
operative decompression of an entrapped popliteal artery 
at Leyden University in the Netherlands was performed 
by Hamming and Vink in 1959 [27]. But the term “pop-
liteal artery entrapment syndrome” was introduced by 
Love and Whelan of Walter Reed General Hospital in 
the United States in 1962 [28].
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Pathophysiology
The knowledge of popliteal fossa anatomy is nec-

essary to understand the possible reasons of PAES 
development. The popliteal fossa is a diamond-shaped 
depression limited by biceps femoris tendon supero-
laterally, semimembranosus muscle superomedially, 
and medial and lateral heads of the gastrocnemius 
muscle inferiorly. The popliteal artery normally 
courses between the medial and lateral heads of gas-
trocnemius and thus might be entrapped by adjacent 
muscles and tendons due to embryological variations 
of the myogenesis and arteriogenesis [29]. Due to the 
complexity of embryological development, anatomi-
cal abnormalities that can cause PAES are classified 
into various types associated with: atypical course of 
the popliteal artery from the medial or lateral head of 
the gastrocnemius muscle; compression of normally 
running artery by anomalous musculotendinous for-
mations lying between the two gastrocnemius heads 
(usually compression by the aberrant head of the 
gastrocnemius, or compression by the excessively 
hypertrophied soleus, plantaris, or popliteus muscle); 
or a combination of a dislocated artery and muscular 
abnormalities [25].

The most accepted Whelan classification, modified 
by Rich, consists of five types of PAES such as: 

Type 1 – the medial head of the gastrocnemius 
muscle is normal, and the popliteal artery is displaced 
medially around and deep to the muscle.

Type 2 – the medial head of the gastrocnemius 
muscle arises from an abnormal lateral position. The 
popliteal artery descends normally but passes medial 
to and deep to the muscle. Type 3 – the popliteal artery 
is compressed by an abnormal slip of gastrocnemius 
muscle

Type 4 – the popliteal artery is entrapped by a 
fibrous band or by the popliteus muscle.

Type 5 – any of the four preceding types that in-
clude the popliteal vein.

Recently, a “functional” PAES has been described 
in patients with normal anatomy (type 6) [30]. Patients 
with PAES are typically young (60% <30 years old), 
healthy males (15:1 male predilection). In young ath-
letes with calf claudication, 60% of cases may be due 
to PAES. Bilateral popliteal artery involvement has 
been reported in 22–67% of patients presenting with 
PAES. Turnipseed found that patients with functional 
PAES are younger than those with the anatomic types 
(mean age 24 vs 43 years) and are more commonly 
female (60% vs 28% of cases) [30].

Diagnostic
Symptoms include transient tingling, coldness in 

the foot, leg swelling, numbness, blanching, aching 
pain, pain at rest, and tiredness or cramping of the calf 
with subsequent intermittent claudication. Recurrent 

chronic compression of the popliteal artery may lead 
to chronic vascular microtrauma of the arterial wall 
with intramural hematoma or thrombus, episodes of 
distal embolization, aneurysm, dissection, and further 
thrombosis with acute distal ischemia particularly 
characteristic for young patients with inadequate col-
lateral circulation [31]. The diagnosis of PAES is both 
uncommon and difficult and therefore awareness of 
this entity seems to be of great significance for correct 
therapeutical management. The validity of careful 
medical history and physical examination should be 
emphasized. Due to the absence of typical signs and 
symptoms in resting state at the initial stages of entrap-
ment syndrome, provocative tests are needed for early 
diagnosis. Diagnostic delay may result in irreversible 
arterial damage, which can impair viability of the af-
fected limb. Duplex ultrasonography constitutes the 
most common noninvasive technique used for the 
PAES examination. Arteriography may be performed 
for the confirmation of diagnosis.

Management
Surgery is recommended for symptomatic PAES 

treatment. Posterior S-shaped incision in the popliteal 
fossa is considered to be the best surgical approach, 
which enables complete exposure of the popliteal 
artery and its surrounding structures. The release of 
the popliteal artery by division of the anomalous mus-
culotendinous tissue is the treatment of choice in the 
case of popliteal artery patency.  Popliteal artery occlu-
sion both, stenotic or aneurysmal, requires additional 
vascular reconstruction. Thrombendarterectomy 
is difficult to perform in the entrapped segment of 
popliteal artery, because no plane of cleavage exists in 
the wall of the fibrous, cord-like narrow artery. When 
decompression of the popliteal artery by division of the 
anomalous muscle is insufficient, autologous vein graft  
interposition is also necessary. The contralateral bigger 
saphenous vein is the material of choice. The ipsilateral 
bigger and small saphenous veins are usually spared 
because of their importance in this area, in which the 
circulation already has been compromised [25].

Compartment syndromes
Compartment syndromes are defined as conditions 

in which increased pressure within a limited space 
compromises the circulation and function of the tis-
sues within that space. They may be acute or chronic. 
They can affect the vessels and nerves running inside 
the fascia due to arising intrafascial pressure.

Chronic exertional compartment syndrome 
(CECS)
Aetiology

CECS is a condition in which tissue pressure within 
the limited space (compartment) bounded by bone or 
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fascia is increased during physical exercise [32]. This 
elevation in pressure reduces local blood flow, causing 
ischemia which results in pain and neuromuscular 
dysfunction, usually improved by rest. Chronic eleva-
tion of compartment pressure causes thickening of the 
compartment fascia, which further exacerbates the 
condition, resulting in the need for surgery in most 
cases for relief of symptoms [33]. Most commonly, it 
occurs in the lower leg, but has been reported in the 
thigh, foot, upper extremity, hand, forearm and erec-
tor spinae musculature (34). The incidence of CECS 
in the general population is unclear, but the number 
of CECS in men and women is similar [35, 36]. The 
first published report of chronic exertional compart-
ment syndrome (CECS) was by Mavor in 1956 [37]. 
He reported bilateral anterior leg pain in a professional 
soccer player during exercise, which was successfully 
treated with surgery. It is thought that an even earlier 
account came from Dr. Edward Wilson’s description 
of his own symptoms in 1912 [38].

Traditionally the calf  has been divided into four 
distinct myofascial compartments: anterior, lateral, 
superficial posterior, and deep posterior. Additionally, 
it has been shown that the tibialis posterior muscle is 
contained within its own fascial compartment and may 
be considered the “fifth” compartment of the lower leg 
[39]. The anterior compartment contains the tibialis 
anterior, extensor hallucis longus, extensor digitorum 
longus, and peroneus tertius. The neurovascular struc-
tures course anterior to the interosseous membrane 
and include the anterior tibial artery and vein and 
the deep branch of the common peroneal nerve. The 
lateral compartment contains the peroneus longus and 
peroneus brevis muscles and the superficial branch of 
the common peroneal nerve. The superficial posterior 
compartment contains the soleus, plantaris, and gas-
trocnemius muscles and the sural nerve. In the deep 
posterior compartment lie the flexor digitorum longus, 
flexor hallicus longus, and proximally, the popliteus. 
The neurovascular structures include the posterior 
tibial artery and vein and the tibial nerve. There are 
no neurovascular structures within the compartment 
of the tibialis posterior.

Pathophysiology
In CECS, tissue pressures are elevated, but not to 

the same degree as in acute compartment syndrome 
and do not lead to irreversible ischemic changes. 
During strenuous exercise, there can be up to a 20% 
increase in muscle volume and weight due to increased 
blood flow and edema. In addition, the normal mus-
cular hypertrophy that occurs over time with chronic 
exercise reduces the reserve volume available within 
the fascial compartment. Chronic fascial thickening 
may also contribute to compartment noncompliance. 
A normal fascial compartment can accommodate in-

creased muscular volume during strenuous exercise, 
however, in CECS, a relatively noncompliant compart-
ment leads to abnormally elevated tissue pressures. 
Research on CECS has shown that elevated tissue pres-
sures lead to relative ischemia within the intrafascial 
compartment [40]. The anterior and deep posterior 
compartments are primarily affected. It is postulated 
that increased compartment pressure obstructs venous 
outflow and leads to a reduced arteriovenous gradi-
ent and a decrease in local blood flow. This results in 
ischemia of both muscle tissues and nerves leading to 
pain and paresthesias.

Diagnostic
Evaluation of the athlete with chronic exercised-

induced lower leg pain should begin with a thorough 
history and physical examination. Patients with CECS 
will often complain of pain that starts as a dull ache, 
usually within the first 30 minutes after the initiation 
of exercise. Burning, cramping, or aching pain and 
tightness develop as exercise is continued. Almost all 
patients complain that the pain adversely affects their 
athletic performance. The pain is usually located over 
the involved compartments and may radiate to the 
ankle or foot or limited to the involved compartments. 
Usually, the pain ceases when the provocative activity 
is stopped. Symptoms occur bilaterally in up to 80% 
to 95% of patients [41, 42].

Physical examination of the resting asymptomatic 
patient is typically benign and may only be helpful to 
rule out other etiologies. Because CECS may be as-
sociated with other stress-related conditions, further 
diagnostic testing is often required to confirm the pre-
sumptive diagnosis of CECS. Presently, the diagnosis 
of CECS is usually confirmed by direct measurement 
of compartment pressure. Measurements of resting 
pressures should be taken before and after exercise, 
muscle contraction and during muscle relaxation. 
However, compartment pressure measurements may 
also be normal in the presence of typical symptoms 
of CECS. These considerations indicate the need for 
a reliable noninvasive test to complement clinical as-
sessment and compartment pressure measurements 
to diagnose CECS. More studies are needed to define 
threshold values for the diagnosis of CECS. Two recent 
MRI studies have shown a statistically significant in-
crease in T2-weighted signal intensity in the anterior 
compartment of patients with chronic anterior com-
partment syndrome [43, 44].

The only nonoperative treatment that is certain to 
alleviate the pain of CECS is the cessation of causative 
activities. Unfortunately, this is an unappealing option 
for the competitive and recreational athlete. Overall, 
however, nonoperative treatment for CECS has been 
generally unsuccessful in 100% of patients [33]. For 
patients who wish to continue their same exercise 
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regimen, fasciotomy of the involved compartments 
is the treatment of choice, successful in 60% to 100% 
of patients [45]. Postoperatively, a compressive dress-
ing should be applied for the first two to three days. 
Patients should be encouraged to begin early range of 
motion exercises and weightbearing to help prevent 
scarring and adhesions. Physical therapy may aid in 
mobilization in the first and second postoperative 
week. After three to four weeks, patients may begin 
full activities as tolerated. Complications as high 
as 11% have been reported after surgical treatment 
[41]. These include wound infections, hematomas, 
arterial and nerve injury, lymphocele, and deep vein 
thrombosis. In addition to formal open procedures, 
endoscopic techniques for fasciotomies have recently 
been described [46, 47]. While these techniques al-
low for less soft tissue damage and possibly a quicker 
return to full activities, there are no long-term results 
to determine their efficacy. Recurrence rates after 
fasciotomy vary anywhere from 3% to 12% [48]. Re-
currence of elevated compartment pressures and pain 
upon exertion is most likely due to inadequate release 
of the involved compartment, or post-surgical fibrosis 
formation leading to a reduction in the space available 
for muscular expansion during exercise.

Upper extremity exertional compartment syndrome
Chronic exertional compartment syndrome in 

the upper extremity is considered rare and has been 
reported in both, the volar and dorsal compartments 
of the forearm, and in the thenar, hypothenar, and 
interosseous musculature of the hand [34]. As in lower 
extremity CECS, patients will complain of pain and 
swelling over the involved compartments after a period 
of intensive muscle use and may experience distal para-
sthesias. It is important to methodically examine the 
patient to rule out other causes of these symptoms. The 
differential diagnosis includes vascular claudication, 
herniated cervical disc, compressive neuropathies, 
chronic tenosynovitis, and angina with referred pain. 
The same diagnostic criteria proposed by Pedowitz 
and colleagues for diagnosis of lower extremity CECS 
can be applied to the upper extremity [35]. Patients 
should be comprehensively examined to rule out more 
common etiologies, like ulnar stress fracture. Surgical 
release of the involved compartments is the mainstay 
of treatment for upper extremity CECS. 

Acute exertional compartment syndrome (AECS)
Acute, atraumatic, exercise-induced compartment 

syndrome is an infrequently, but if unrecognized, can 
be devastating. It can present in the nonathlete who 
engages in strenuous, lengthy and unaccustomed 
physical activity; or it can present in athletes with a 
prior history of CECS as an acute-on-chronic type. 
Understanding the pathogenesis, diagnosis, and 

treatment of AECS is of paramount importance in 
preventing complications. The pathophysiology of 
acute exertional compartment syndrome is identical 
to compartment syndromes caused by trauma, burns, 
electrocution, and drug overdose, and is caused by 
an increase in intracompartmental pressure within 
a closed tissue space. This increased compartment 
pressure, when exceeding capillary perfusion pres-
sure, leads to decreased tissue perfusion, soft tissue 
ischemia, and, if not treated in time, cell death. The 
greater the pressure and the more extensive the du-
ration, the more severe the effects on muscle and 
nerve [49]. The clinical diagnosis of compartment 
syndrome is often described as consisting of the five 
“p’s”: pain, pallor, pulselessness, paresthesia, and pa-
ralysis. However, full-blown AECS can occur even 
with normal pulses and capillary refill, and paralysis 
and paresthesia are usually not noted until ischemia 
has been present for greater than one hour. Therefore, 
if pulselessness, paralysis, and paresthesia are present, 
the compartment syndrome has been longstanding 
and the diagnosis delayed. The most important clini-
cal diagnostic sign of acute compartment syndrome 
is pain.  It is a severe, unrelenting pain, out of propor-
tion to the clinical examination, unrelieved with rest. 
Undiagnosed compartment syndrome carries with it 
disastrous consequences. Foot drop or clawing of the 
toes and equinovarus foot deformities significantly 
compromise functional use of the extremity. Further, 
compartment syndrome can lead to acute renal fail-
ure, which is caused by rhabdomyolysis. If suspected, 
compartment pressures should be rapidly obtained and 
involved compartments should undergo emergency 
fasciotomies. AECS should be included in the differ-
ential diagnosis of any athlete with leg pain. Prompt 
diagnosis can help avoid the serious consequences 
associated with the condition [50].

Summary
Compression syndromes are considered to be of 

great significance for neurovascular symptoms in 
athletes and other physically active individuals. They 
result in exercise-induced pain, swelling, paresthe-
sias, ischemia and intermittent claudication that can 
significantly affect athletic performance. Therefore 
the importance of a careful clinical investigation and 
early diagnosis should be emphasized so as to provide 
appropriate conservative or surgical treatment and 
prevent further complications. The differential clinical 
diagnosis of compression syndromes in active sports 
participants should include muscle rupture, tendinop-
athies, popliteal artery adventitial cystic disease, stress 
fractures, medial tibial stress syndrome (MTS), fascial 
defects, effort-induced venous thrombosis, nerve 
impingement, lumbar disc herniation. Compression 
syndromes of the upper and lower extremity should 
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be comprehensively examined to rule out mentioned-
above etiologies.

References
1.	 Noszczyk W. Zespoły uciskowe. Chirurgia tętnic i żył obwo-

dowych. Warszawa: Wydawnictwo Lekarskie PZWL, 2007, 
802-10.

2.	 Urbanek T, Ziaja D, Kwiecień A et al. The frequency of thora-
cic outlet syndrome (TOS) occurrence in a young population 
between 19–26 years. Chir Pol 2008; 10(1): 8-15.

3.	 Parziale JR, Akelman E, Weiss AP, Green A. Thoracic outlet 
syndrome. Am J Orthop 2000; 29: 353–60.

4.	 Urschel HC, Kourlis H. Thoracic outlet syndrome: a 50-year 
experience at Baylor University Medical Center. Proc Bayl 
Univ Med Cent 2007; 20: 125–35.

5.	 Wehbe MA. Thoracic outlet syndrome. Hand Clin 2004; 20. 
?????

6.	 Ide J, Kataoka Y, Yamaga M et al. Compression and stretching 
of the brachial plexus in thoracic outlet syndrome: correlation 
between neuroradiographic findings and symptoms and signs 
produced by provocation manoeuvres. J Hand Surg 2003; 28B: 
218–23.

7.	 Szarnecka-Sojda A. Zespół górnego otworu klatki piersiowej. 
Acta Angiol 2004; 10: 99–113.

8.	 Pupka A, Barć P, Kałuża G et al. Leczenie naczyniowego 
zespołu uciskowego górnego otworu klatki piersiowej. Chir 
Pol 2003; 5: 119–27.

9.	 Pupka A, Szyber P. Zespół uciskowy górnego otworu klatki 
piersiowej — diagnostyka i leczenie. Terapia 2000; 8: 16–21.

10.	 Martynów R, Podemski R. Bóle barku. Przewodnik Lekarza 
2001; 4: 112–7.

11.	 Mackinnon SE, Novak CB. Thoracic outlet syndrome. Curr 
Probl Surg 2002; 39: 1070-145. 

12.	 Urschel HC, Patel A. Thoracic Outlet Syndrome. Curr Treat 
Options Cardiovasc Med 2003; 5: 163-8.

13.	 Pupka A. Ocena wyników badań diagnostycznych i leczenia 
operacyjnego w zespole uciskowym górnego otworu klatki 
piersiowej. Acta Angiol 1995; 1: 51-9.

14.	 Pupka A, Szyber PP. The athletic injuries of shoulder plexus 
in thoracic outlet syndrome. Med Sport 2007; 11(1): 7-10.

15.	 Novak CB. Thoracic outlet syndrome. Clin Plast Surg 2003; 
30: 175-88.

16.	 Pupka A, Rybak Z, Kałuża G et al. Zmiana strategii leczenia 
zakrzepicy żyły podobojczykowej w przebiegu zespołu uci-
skowego górnego otworu klatki piersiowej – rekomendacja 
kliniczna. Przeg Flebolog 2003; 11: 37-41.

17.	 Balci AE, Balci TA, Cakir O et al. Surgical treatment of thora-
cic outlet syndrome: effect and results of surgery. Ann Thorac 
Surg 2003; 75: 1091-6.

18.	 Edwards DP, Mulkern E, Raja AN et al. Trans-axillary first 
rib excision for thoracic outlet syndrome. J R Coll Surg Edinb 
1999; 44: 362–5.

19.	 Davidovic LB, Kostnic DM, Jakovljevic NS et al. Vascular 
Thoracic Otlet Syndrome. World J Surg 2003; 27: 545-50.

20.	 Davidovic LB, Markovic DM, Pejkic SD et al. Subclavian artery 
aneurysm. Asian J Surg 2003; 26: 7-11.

21.	 Szydłowski Z, Szyber P, Pupka A, et al. Tętniaki tętnicy 
podobojczykowej w przebiegu zespołu uciskowego górnego 
otworu klatki piersiowej. Pamiętnik XXIV Zjazdu Sekcji Chir 
Kl Piersiowej, Serca i Naczyń TchP. Poznań, 1992: 311.

22.	  Kreineberg PB, Chang B, Darling III RC. Long-term results 
in patients treated with thrombolysis, thoracic inlet decom-
pression, and subclavian vein stenting for Paget-Schroetter 
syndrome. J Vasc Surg 2001; 33: 100-5.

23.	 Schmacht DC, Back MR, Novotney ML. Primary axillarysubc-
lavian venous thrombosis: is aggressive surgical intervention 
justified? Vasc Surg 2001; 35: 353-9.

24.	 Pupka A, Szydłowski Z, Janczak D et al. Zakrzepica żyły 
podobojczykowej i pachowej w przebiegu zespołu uciskowego 
górnego otworu klatki piersiowej. Flebolimfologia. Wydanie 
specjalne. II Kongres Pol. Tow. Flebol. Wrocław 1997: 16-8.

25.	 Radonić V, Koplić S, Giunio L et al. Popliteal Artery Entrap-
ment Syndrome: Diagnosis and Management, with Report of 
Three Cases. Tex Heart Inst J 2000; 27(1): 3–13. 

26.	 Stuart TPA. Note on a variation in the course of the popliteal 
artery. J Anat Physiol 1879;13:162–5.

27.	 Hamming JJ. Intermittent claudication at an early age, due to 
an anomalous course of the popliteal artery. Angiology 1959; 
10: 369–71.

28.	 Love JW, Whelan TJ. Popliteal artery entrapment syndrome. 
Am J Surg 1965; 109: 620-4.

29.	 Tercan F, Ođuzkurt L, Kýzýlkýlýç O et al. Popliteal artery 
entrapment syndrome Diagn Intervent Radiol 2005; 11: 222-
4.

30.	  Kamlesh K, Thomas S, Govindarajan N et al. Role of angio-
graphy in popliteal artery entrapment syndrome. Diagn Interv 
Radiol 2009; 15: 57–60.

31.	 Rey IA, Rey GA, Cruz JRA et al. Artery Entrapment Syndro-
me in an Elite Rower Sonographic Appearances 2004 by the 
American Institute of Ultrasound in Medicine. J Ultrasound 
Med 2004; 23: 1667–74.

32.	 Bourne RB, Roabeck CH. Compartment syndromes of the 
lower leg. Clin Orrh Rei Res 1989; 240: 97-104.

33.	 Black KP, Taylor DE. Current concepts in the treatment of 
common compartment syndromes in athletes. Sports Med 
1993; 15(6): 408-18.

34.	 Soderberg TA. Bilateral chronic compartment syndrome in 
the forearm and the hand. J Bone Joint Surg Br 1996; 78: 780-
2.

35.	 Pedowitz RA, Hargens AR, Mubarak SJ, Gershuni DH. Mo-
dified criteria for the objective diagnosis of chronic compart-
ment syndrome of the leg. Am J Sports Med 1990; 18: 35-40.

36.	 Garcia-Mata S, Hidalgo-Ovejero A, Martinez-Grande M. 
Chronic exertional compartment syndrome of the legs in 
adolescents. J Pediatr Orthop 2001; 21: 328-34.

37.	 Mavor GE. The Anterior Tibial Syndrome. J Bone Joint Surg 
Br 1956; 38: 513-7.

38.	 Freedman BJ. Dr. Edward Wilson of the Antarctic; a biogra-
phical sketch, followed by an inquiry into the nature of his 
last illness. Proc R Soc Med 1953; 47: 23-30.

39.	 Davey JR, Rorabeck CH, Fowler PJ. The tibialis posterior 
muscle compartment: an unrecognized cause of exertional 
compartment syndrome. Am J Sports Med 1984; 12: 391-7.

40.	 Mohler LR, Styf JR, Pedowitz RA et al. Intramuscular de-
oxygenation during exercise in patients who have chronic 
anterior compartment syndrome of the leg. J Bone Joint Surg 
Am 1997; 79: 844-9.

41.	 Detmer DE, Sharpe K, Sufit RL, Girdley FM. Chronic com-
partment syndrome: diagnosis, management, and outcomes. 
Am J Sports Med 1985; 13: 162-70.

42.	 Reneman RS. The anterior and the lateral compartmental 
syndrome of the leg due to intensive use of muscles. Clin 
Orthop 1975; (113): 69-80.

43.	 Eskelin MK, Lotjonen JM, Mantysaari MJ. Chronic exertional 
compartment syndrome: MR imaging at 0.1 T compared with 
tissue pressure measurement. Radiology 1998; 206: 333-7.

44.	 Verleisdonk EJ, van Gils A, van der Werken C. The diagnostic 
value of MRI scans for the diagnosis of chronic exertional 
compartment syndrome of the lower leg. Skeletal Radiol 2001; 
30: 321-5.

45.	 Styf J. Chronic exercise-induced pain in the anterior aspect of 
the lower leg. An overview of diagnosis. Sports Med 1989;7(5): 
331-9.

46.	 Leversedge FJ, Casey PJ, Seiler JG 3rd, Xerogeanes JW. Endo-
scopically assisted fasciotomy: description of technique and in 
vitro assessment of lower-leg compartment decompression. 
Am J Sports Med 2002; 30: 272-8.

47.	 Kitajima I, Tachibana S, Hirota Y et al. One-portal technique 
of endoscopic fasciotomy: chronic compartment syndrome 
of the lower leg. Arthroscopy 2001; 17: 33-37.

48.	 Howard JL, Mohtadi NG, Wiley JP. Evaluation of outcomes 
in patients following surgical treatment of chronic exertional 
compartment syndrome in the leg. Clin J Sport Med 2000; 10: 
176-84.



89
Pupka A., Bogdan J., Lepiesza A., Rojek A., Szyber P.P. / Medicina Sportiva 14 (2): 83-89, 2010

49.	 Rorabeck C, Castle G, Hardie R, Logan J. Compartmental 
pressure measurements: an experimental investigation using 
the slit catheter. J Trauma 1981; 21: 446-9.

50.	 Stolisteimer GT, Shelton WR. Acute Atraumatic Compart-
ment Syndrome in an Athlete: A Case Report. J Athl Train 
1997; 32(3): 248-250.

Received: March 31, 2010
Accepted: May 27, 2010
Published: June 01, 2010

Address for correspondence:
Artur Pupka
Poniatowskiego 2
50-326 Wrocław
Poland
tel./fax. +48 601739126 
e-mail: apupka@chirn.am.wroc.pl 

Przemyslaw P. Szyber: mountainbike@o2.pl
Justyna Bogdan, Agnieszka Lepiesza, Aleksandra Rojek: 
lepiesza_agnieszka@wp.pl

Authors’ contribution
A – Study Design

B – Data Collection
C – Statistical Analysis

D – Data Interpretation
E – Manuscript Preparation

F – Literature Search
G – Funds Collection


