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Abstract-Throughout the years complexes of symptoms of the 

upper extremity, caused by compression, were to be explained. 

Pain, paresthesia, edema, ischemia and motor dysfunction of 

the arm was and still is a diagnostic problem. From the start 

many separated syndromes have been developed in order to 

explain the patient’s problems which at the end came they all 

together to a nosological entity, the thoracic outlet compression 

syndrome (TOS). This paper reviews the evolution of the 

syndromes throughout the years and the historical landmarks 

that formed this multifactorial problem as we understand it 

today. 

 
Index Terms-Thoracic outlet syndrome, neurogenic thoracic 

outlet syndrome, cervical rib, scalenus muscle, scalenotomy, 

compression syndromes. 

I. INTRODUCTION 

  The thoracic outlet syndrome is an obscure cause of 

shoulder pain which is often overlooked.  Diagnosis of the 

TOS is difficult, particularly in patients without osseous 

abnormalities on plain radiographs and with wide variation in 

symptoms.  The purpose of this article is to review the 

literature on the anatomical, diagnostic, and therapeutic 

considerations involved with TOS form a historical aspect..  

II. CERVICAL RIB SYNDROME 

Cervical rib was first described, by Galen and Vesalius, and 

since their time many and prolific have been the writers who 

have observed this anomaly and have recorded their 

observations in the literature mostly due to vascular 

obstruction. At 1818 a woman with arm ischemia was 

evaluated by Sir Astley Cooper [1] who identified a 

connection between cervical ribs and hand ischemia when he 

described the cause of her symptoms as a result of “a 
projection of the lower cervical vertebrae towards the clavicle 

and consequent pressure on the subclavian artery.” So the 

Cervical rib syndrome, a compression syndrome of the 

vascular bundles was born. The first official diagnosis was 

made by Willshire [2] in 1860 and by Gruber in 1869 [3]. In 

1861, at St. Bartholomew’s Hospital in London recorded an 

early attempt to remove the first rib, an exostosis of the 

transverse process of the seventh cervical vertebra to treat a  
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weak, painful ischemic hand by Coote [4] and in 1865, Paget 

first described axillary vein thrombosis due to the presence of 

a cervical rib [5]. 

  As we see the initial emphasis was on cervical ribs as a 

source of anatomic compression, especially of the subclavian 

vessels. In the years to follow the neurological symptoms 

were added to the equation. At 1905 the syndrome included 

not only the vascular bundles but also the brachial plexus 

compression symptoms and Murphy gave the first definition: 

1) pressure on the trunks of the brachial plexus with pain, 

paresthesia, hypesthesia, or anesthesia in the peripheral area 

of distribution of the involved sensory fibers, and paresis or 

paralysis of the muscles supplied by the involved motor 

fibers, 2) pressure on the subclavian artery with brachial 

ischemia and possible aneurysmal formation, thrombosis and 

gangrene, and 3) development of a tumor in the 

supraclavicular triangle [6]. The study of a nosological entity 

with such interest pointed out patients with similar symptoms 

in the absence of a bony anomaly. That was recognized by 

Murphy  in 1910, who described a case which presented many 

of the manifestations of the cervical rib syndrome but with no 

cervical rib present [7]. He outlined the significance of the 

muscle system of the area and particularly the scalenous 

anticus muscle. The same conclusion had at 1910 and Jones 

who also stated that in some individuals the eighth cervical 

and first thoracic segments contribute an unusually large 

proportion of the fibers to the brachial plexus and in these 

cases the first thoracic rib may traumatize the lower trunk of 

the plexus [8]. It is clear by then that there is no need of a 

cervical rib to ignite TOS symptoms which have started to be 

recognized and analyzed. 

  At 1912 Todd [10] - [13] disagrees with Murphy [15] and 

previous statements that the subclavian artery could be 

compressed by the scalenus anticus muscle or the first rib. In 

cases of cervical rib the nervous symptoms are caused by an 

exaggerated form of the normal relation existing between the 

brachial plexus and the first rib. He believed that the vascular 

symptoms in cases of cervical rib syndrome are not 

mechanical in origin but trophic in character and are caused 

by paralysis of the sympathetic fibers passing to the vessels. 

He also stated that the vascular symptoms depends on normal 

dynamic factors like: action of the scalenes in inspiration, 

descent of the diaphragm in inspiration, descent of the heart 

in inspiration. 

  The theories of both Jones and Todd were supported by 

Stopford who highlighted another anatomical structure of the 

area, the clavicle [16]. It was reiterated that the medial 

portion of the clavicle may be elevated or depressed 

depending upon the tonicity and development of the rectus 
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abdominis muscles and that the position of the lateral portion 

may be similarly changed depending upon the strength and 

tone of the trapezius muscle. He concluded that these two 

factors acting on the clavicle are of importance in the 

production of compression of the lower trunk of the brachial 

plexus by the first rib and also explain the greater incidence of 

this syndrome in females [10],[16]. 

III. SCALENUS ANTICUS MUSCLE SYNDROM 

Until now we had a solid bone – cervical rib, clavicle etc. 

that surely causing problems but TOS can occur without the 

presence of any bony anomaly. This is the point that other 

theories are gaining ground in order to fill in the gap in 

pathophysiology. The scalenus anticus syndrome was born 

and involved especially with the work of Adson and Coffey in 

1927 [17]. They disagreed with Todd's statement that the 

contracting scalenus anticus muscle could not compress the 

subclavian artery. They advocated that the cervical rib not be 

removed for the relief of symptoms but that only the scalenus 

anticus muscle be severed. Adson described the “Adson test” 
which we still use today in clinical evaluation of patients, and 

it was considering then a pathognomonic sign of scalene 

anticus syndrome. 

Ochsner, Gage and DeBakey reported a series of cases 

without cervical rib in which they believed abnormal 

compression to the neurovascular structures passing to the 

arm was produced by the scalenus anticus and medius 

muscles with increased irritation to the plexus [18]. In these 

cases they found fibrositis of the offending muscle. They 

believed that the fibrositis led to spasm of the muscle 

elevating the first rib, which resulted in compression and 

stretching of the large nerve trunks. It was postulated a 

vicious circle was established which must be broken for relief 

of the discomfort and could be done so most practically by 

anterior scalenotomy. They stated that the brachial plexus and 

subclavian artery are pinched between the scalenus anticus 

and medius muscles during the phase of muscular spasm. 

Naffziger and Grant in 1938 supporting the previous theories 

of etiology and they presenred the term -  scalenus syndrome 

[19].  

IV. CERVICOBRACHIAL SYNDROME 

  In 1940, in response to the Naffziger terminology 

Aynesworth says that there are a number of pathologic 

conditions besides the compression of the scalenus anterior 

muscle which may produce identical symptoms, the 

Naffziger terminology, therefore, is too limited [21]. He 

described 20 patients with “cervicobrachial syndrome” which 
was meant to be an all-inclusive term to include all causes of 

neurovascular compression in the supraclavicular region. At 

the same time knew correlations were made between causes 

and symptoms. Semmes and Murphey [22] discussed the 

simulation of scalenus anticus syndrome by a herniated sixth 

intervertebral disk and Jelsma, added trauma, who believed 

that was a precipitating factor in 29 of 115 cases of scalenus 

anticus syndrome in his report [20].  

V. COSTOCLAVICULAR CMPRESSION SYNDROM 

  In 1943 Falconer and Weddell introduced the 

costoclavicular compression syndrome [23]. They reported 4 

cases in which they demonstrated for the first time that 

postural changes without an anatomic defect could precipitate 

neurovascular symptoms in the upper extremity as a result of 

narrowing of the space between the clavicle and first rib by a 

backward and downward thrust of the shoulders. Telford and 

Moddershead in 1947 discussed the costoclavicular 

syndrome and suggested that obliteration of the radial pulse 

was due to positional changes that were distal to the clavicle 

and not related to costoclavicular syndrome [24]. These 

investigators described the sling that is created by the anterior 

and middle scalene muscle fusion and the next year described 

fibrous bands that run in the middle scalene muscle, bands 
from the cervical rib to the first rib, and the scalene minimus 

muscle as a frequent contribution to brachial plexus 

compression. 

VI. THORACIC OUTLET SYNDROM 

Until now is relative clear that the symptoms of the upper 

limp can be caused from many things and not by only one. 

The understanding of the shoulder girdle syndromes has 

evolved and the complexity of the causes needed to be 

arranged. At 1953 Lord  attempts to gather all the passing 

evidence and to propose a guideline for treatment [25]. He 

says that symptoms and signs depend on which of the three 

important structures are involved, namely, the subclavian 

artery, the subclavian vein, and the brachial plexus. The 

mechanism of pressure and torsion may differ from patient to 

patient, and a careful analysis is necessary to evaluate 

whether the difficulty is due to scalenus anticus pressure, with 

or without a cervical rib, to the narrowing of the 

costoclavicular space, or, finally, to the hyperabduction 

syndrome. It was time for someone to look at the group of 

symptoms as an entirety with a spherical view and to 

assembly an acceptable syndrome. This was done in 1956 by 

Peet who described for the first time the term thoracic outlet 

syndrome [26]. He included all of the compression 

syndromes in one, giving a name in the anatomic region were 

compression is happening. This is the term that is used still 

today. 

 Since then a turn was made by researchers and writers to 

investigate the surgical anatomy of the thoracic outlet (or 

inlet by some writers [27]) anatomical area and to optimize 

the best treatment either this is conservative treatment or 

surgical. Big series of operations was done and until the 

present days the study of the TOS continues. 

VII. OPERATIVE APPROACHES AND TECHNIQUES 

From the beginning surgical therapy for TOS is based on 

decompression of the compressed structure. The evolution of 

the surgical treatment was always according to the trend of 

the medical diagnosis. Initially, surgical approaches to TOS 

were directed primarily at subclavian aneurysms that were 

associated with anomalous ribs. By 1916, Halstead described 

a collection of 716 cases of cervical rib with at least 27 

subclavian aneurysms [28]. Later the understanding of the 

role of the scalenus muscles, conjunction with sectioning the 
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scalenus anticus muscle was made. In the period from 1935 to 

1940, the use of simple division of the scalenus anticus 

muscle was carried out, and, although some patients 

experienced relief, many failures were noted, possibly in 

some instances due to the fact that the symptoms were caused 

by another shoulder girdle syndrome other than the scalenus 

anticus syndrome [29].  

 At the era of the costoclavicular syndrome Wright, 

Huebner, and Lord developed a satisfactory "space making" 

procedure for the subclavian artery and vein and the brachial 

plexus by total resection of the clavicle, division of the 

scalenus anticus muscle, and mobilization of the subclavian 

artery downward [30]. Operation with many supporters [31]- 

[34]. And few years later also was reported an excision of the 

subclavius muscle and anterior scalenotomy by Mc Cleery 

[35]. 

 With understanding of the TOS as a multifactorial entity 

in 1962, as president of the American Association for 

Thoracic Surgery, Clagett [36] introduced resection of the 

first rib as the optimal operation rather than scalenotomy for 
scalenus wich advocated in favor also many authors [37]-[43]  

with very good results, techniques that we still use today with 

some modification like the modern use of the video camera 

system for resecting the first rib in TOS patients [44] 

VIII. CONCLUSIONS 

  The study of TOS has developed through the years with a 

characteristic pattern. Detection, recognition, investigation of 

the symptoms and finally the rivalry of the scientists involved 

explicate this significant pathology associated with TOS. Still 

remains some general disagreement among experts on the 

specific anatomy, etiology, and pathophysiology of the 

condition, presumably because of the wide variation in 

symptoms that manifest in presenting patients, and because of 

lack of a definitive gold standard for diagnosis. Any 

anatomical anomaly in the thoracic outlet has the potential to 

predispose a patient to TOS. In the years to follow the 

curiosity and the need of excellence in human nature will give 

us a unify medical approach to the TOS. 

REFERENCES 

[1] Cooper A. On exostosis. In: Cooper A, Travers B, editors. Surgical 

essays, part1. London: Cox and Son; 1818. p. 159 

[2] Willshire: Supernumerary First Rib, Clinical Records, Lancet 2:633, 

1860). 

[3] Gruber, W.: uber die Halsrippen des Menschen mit vergleichend 

anatomischen Bemerkungen, mem.Acad. imp. d. sc. St. Petersburg, 

1869, Vol. 12).   

[4] Coote H. Exostosis of the left transverse process of the seventh 

cervical vertebra, surrounded by blood vessels and nerves: successful 

removal. Lancet 1861;1:360-1. 

[5] Paget J. Clinical lectures and essays. London: Longman, Greens, and 

Co; 187. 

[6] Murphy, J. B.: A case of cervical rib with symptoms resembling 

subclavian aneurysm. Ann. Surg., 41: 399-406, 1905. 

[7] Murphy, T.: Brachial neuritis caused by pressure of first rib. M. J. 

Australia, 15: 582-585, 1910. 

[8] Jones, E. W.: Variations of the first rib, associated with changes in the 

constitution of the brachial plexus. J. Anat. & Physiol., 45: 249-255, 

1910.  

[9]  Wilson, S. A.: Some points in the symptomatology of cervical rib, with 

especial reference to muscular wasting. Proc. Roy. Soc. Med., 6: 

133-141, 1912.) 

[10] Todd, T. W.: The relations of the thoracic operculum considered in 

reference to the anatomy of cervical ribs of surgical importance. J. 

Anat. & Physiol., 45: 292-304, 1910.  

[11]  Todd, T. W The descent of the shoulder after birth. Its significance in 

the production of pressure symptoms on the lowest  brachial trunk. 

Anat. Anz., 41: 385-397, 1912.  

[12] Todd, T. W The arterial lesion in cases of "cervical" rib. J. Anat. & 

Physiol., 47: 250253, 1913.  

[13] Todd, T. W The vascular symptoms in "cervical" rib. Lancet, 2: 

362-364, 1912.  

[14] Hunauld: Sur le nombre des cotes,moindre ou plus grand qu'a 

l'ordinaire, Hist. Acad. roy. d. sc., Mem.,1740, pp. 534-539. 

[15]   Murphy, Annals of Surgery, vol. xli., 1905 

[16] Stopford, J. S. B., and E. D. Telford: Compression of the lower trunk 

of the brachial plexus by a first dorsal rib. Brit. J. Surg., 7: 168-177, 

1919. 

[17] Adson, A. W., and J. R. Coffey: Cervical rib; a method of anterior 

approach for relief of symptoms by division of the scalenus anticus. 

Ann. Surg., 85: 839-857,1927. 

[18] Ochsner, A., M. Gage, and M. DeBakey: Scalenus anticus (Naffziger) 

syndrome. Am. J. Surg., 28: 669-695, 1935. 

[19] Naffziger, H. C., and W. T. Grant: Neuritis of the brachial plexus 

mechanical in origin; the scalenus syndrome. Surg., Gynec. & Obst., 

67: 722-730, 1938.  

[20] Jelsma, F.: The scalenus anticus syndrome-end results of 115 cases: 

report of five illustrative cases. Internat. Clin., 4: 219-225, 1940. 

[21] Aynesworth KH. The cervicobrachial syndrome: a discussion of the 

etiology with report of twenty cases. Ann Surg 111:724-42,1940.  

[22] Semmes, R. E., and F. Murphey: The syndrome of unilateral rupture 

of the sixth cervical intervertebral disk, with compression of the 

seventh cervical nerve root; report of 4 cases with symptoms 

simulating coronary disease. J.A.M.A., 121: 12091214, 1943.   

[23] Falconer, M. A., and Weddell, G.: Costoclavicular Compression of the 

Subclavian Artery and Vein: Relation to the Scalenus Anticus 

Syndrome, Lancet 2:539, 1943.  

[24] Telford E. D, and S. Mottershead: The "costoclavicular syndrome." 

Brit. M. J., 1:325-328, 1947. 

[25] Lord JW. Surgical management of shoulder gi rdl e syndrome – new 

operative procedure for hyperabduction, costoclavicular, cervical rib 

and scalenus syndromes. Arch Surg 1953;6:69-83 

[26] Peet RM, Hendricksen JD, Anderson TP, et al: Thoracic outlet 

syndrome. Mayo Clin Proc 1956;31:281-287. 

[27] Woods WW: Personal experiences with the surgical treatment of 250 

cases of cervicobrachial  neurovascular compression syndrome. J Int 

Coll Surg. 1965;44:273–83 

[28] Halsted WS. An experimental study of circumscribed dilation of an 

artery immediately distal to a partially occluding band and its bearing 

on the dilation of the subclavian artery observed in certain cases of 

cervical rib. J Exp Med 1916;24:271-86. 

[29] Telford, E. D., and Mottershead, S.: Pressure at the Cervicobrachial 

Junction: Operative and Anatomical Study, J. Bone & Joint Surg. 

30B:249, 1948. 

[30] Lord, J. W., Jr.; Heubner, R. D., and Wright, I. S.: New Surgical 

Concept in the Management of Refractory Cases of the Shoulder 

Girdle Syndromes AMA Arch Surg. 1953;66(1):69-83. 

[31] Elkin, D. C., and Cooper, F. W.: Resection of the Clavicle in Vascular 

Surgery, J. Bone & Joint Surg. 28:117, 1946. 

[32] Shumacker, H. B., Jr.: Resection of the Clavicle: With Particular 

Reference to the Use of Bone Chips in the Periosteal Bed, Surg., 

Gynec. & Obst. 84:245, 1947. 

[33] Pipkin, G.: Tardy Shoulder-Hand Syndrome Following Ununited 

Fracture of the Clavicle, J. Missouri M. A. 48:643, 1951. 

[34] Campbell, E.; Howard, W. P., and Birklund, C. W.: Delayed Brachial 

Plexus Palsy Due to Ununited Fracture of the Clavicle, J. A. M. A. 

139:91, 1949. 

[35] McCleery, R. S.; Kesterson, J. E.; Kirtley, J. A., and Love, R. B.: 

Subclavius and Anterior Muscle Compression as a Cause of 

Intermittent Obstruction of the Subclavian Vein, Ann. Surg. 133:588, 

1951. 

[36] Clagett OT. Presidential address: research and prosearch. J Thorac 

Cardiovasc Surg 1962;44:153-66. 

[37] Falconer MA, Li WP. Resection of the first rib in costoclavicular 
compression of the brachial plexus. Lancet 1962;1:59-63. 

[38] Urschel HC, in discussion, McGough EC, Pearce MB, Byrne JP: 

Management of thoracic outlet syndrome. J Thorac Cardiovasc Surg 

1979;77:169-174 1978. 

[39] Martinez NS: Posterior first rib resection for total thoracic outlet 

syndrome decompression. Contemp Surg 1979;15:13-21. 



 

Thoracic Outlet Syndrome: Historical Aspects of Anatomy and Physiology 

 

                                                                                      84                                                                                  www.ijntr.org 

[40] McGough EC, Pearce MB, Byrne JP: Management of thoracic outlet 

syndrome. J Thorac Cardiovasc Surg 1979;77:169-173. 

[41] Kelly TR: Thoracic outlet syndrome: Current concepts of treatment. 

Ann Surg 1979;190:657-662. 

[42] Hempel GK, Rusher AH Jr, Wheeler CG, et al: Supraclavicular 

resection of the first rib for thoracic outlet syndrome. Am J Surg 1981; 

141:213-215.  

[43] Thoracic Outlet Compression Syndrome Critique in 1982 W. Andrew 

Dale, MD Arch Surg 1982;117:1437-1445. 

[44] Soukiasian HJ, Shouhed D, Serna-Gallgos D, et al. A video-assisted 

thoracoscopic approach to transaxillary first rib resection. Innovations 

(Phila) 2015;10:21-6,13. 


