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Review Paper
Conservative Strategies for Optimal Management 
of the Neurogenic Thoracic Outlet Syndrome: A 
Narrative Overview

Thoracic outlet syndrome (TOS) is a well-known compressive neurovasculopathy with various 
anatomical etiologies. Neurogenic TOS (nTOS) is the most common type of this syndrome, 
accounting for over 95% of all cases. Conservative treatment plays a significant role in the 
management of nTOS. However, there are many controversies regarding this theme. Therefore, 
the optimal treatment method remains unclear. Herein, a narrative review was conducted to 
gather recent data on the available conservative treatment methods for the management of nTOS.
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Introduction

horacic outlet syndrome (TOS) is a complex 
anatomical condition characterized by com-
pression or irritation of nerves or blood ves-
sels between the clavicle and first rib [1, 2]. 
The incidence remains elusive owing to its 

often misdiagnosed nature, particularly in patients with 
upper extremity pain and paresthesia. TOS is predomi-
nantly observed in patients aged between 20 and 50 years 
and is more prevalent among women, possibly due to a 
higher incidence of cervical ribs. The pathogenesis of 
TOS usually involves a combination of developmental, 
anatomical anomalies, positional deformities, extraordi-
nary and repetitive physical activities, and previous trau-
matic events. Neck trauma often triggers symptoms in 
individuals [3]. There are three principal types of TOS, 
classified based on the affected neurovascular structures: 
Neurogenic TOS (nTOS), venous TOS (vTOS), and 
arterial TOS (aTOS). Among these, nTOS is the most 
common, accounting for >95% of all cases [1, 4].

The initial assessment of a patient with TOS involves a 
thorough evaluation of the patient’s posture, alignment, 
and movement patterns [5]. It is necessary to examine 
both upper extremities for evidence of muscle atrophy, 
ulcerations, discoloration, or nail bed deformities. Eval-
uation of blood pressure and Allen’s test results were 
essential. Moreover, examination of the cervical spine, 
scapular positioning, and clavicle should be considered. 
Range of motion and strength testing of all joints from 
the wrist to the shoulder should be examined and docu-
mented. A classic finding in nTOS is the Gilliatt-Sumner 
hand, defined as atrophy of the hypothenar, abductor 
pollicis brevis, and interosseous muscles. More specific 
tests, such as the Adson test, supraclavicular pressure 
test, Wright test, and costoclavicular maneuver, could 
help diagnose and evaluate TOS. The focus is detecting 
impairments potentially exacerbating brachial plexus 
compression [6].

The complex nature of TOS presents a challenge for 
healthcare providers, particularly surgeons. Manage-
ment is particularly challenging in a subgroup of nTOS 
patients without electrodiagnostic abnormalities or bone 
deformities known as disputed nTOS. One study found 
no significant differences in long-term functional out-
comes in patients with disputed nTOS who underwent 
surgery compared to those who received nonoperative 
therapy [7]. This study assessed symptom level, disease 
progression, return to work, and long-term medication 
requirements. Before deciding on surgery, patients usual-
ly undergo conservative treatment for at least 6-months. 

As reported in a series, 60% of patients with neurogenic 
TOS were symptom-free following 6-months of physi-
cal therapy [8]. Other studies reported a success rate be-
tween 59% and 88% for conservative treatment, includ-
ing the combination of physical therapy with massage, 
acupuncture, NSAIDs, and muscle relaxants in patients 
with symptomatic TOS [9]. Obesity, prior trauma, chro-
nicity, and severity of symptoms negatively affect the 
outcomes of conservative treatment for TOS [10]. Con-
comitant psychological disorders can negatively affect 
the outcomes of both conservative and surgical therapies 
[11]. Surgical decompression is considered the last resort 
in cases of failure of conservative treatment or patients 
with disabilities [10, 12, 13]. 

First, the patient and therapist must identify the activi-
ties and positions that exacerbate and relieve symptoms. 
The initial approach for conservative management in-
volves improving the flexibility of associated soft tissues 
and correcting poor posture and scapular dyskinesis [5]. 
In addition, prescription of muscle relaxants, nonsteroi-
dal anti-inflammatory, and non-narcotic agents could be 
effective [14]. Patients are educated on the positions and 
postures causing pressure on the brachial plexus and dis-
tal sites at the carpal and cubital tunnels. The goal of pos-
tural correction is to decompress the thoracic outlet by 
restoring muscle balance, strengthening the muscles that 
open the thoracic outlet (such as the trapezius and ster-
nocleidomastoid), and stretching the muscles that close 
the outlet (such as the scalene muscles) [14]. Aerobic 
exercises can help strengthen the accessory inspiratory 
muscles, resolve muscle imbalance, and reduce weight. 
Physiotherapy is a preferred initial treatment for almost 
all patients with nTOS [5, 15]. However, the treatment’s 
success depends on the knowledge and experience of the 
physiotherapist since TOS requires a different manage-
ment approach than other neck, shoulder, and upper ex-
tremity disorders. Furthermore, patient compliance with 
a home exercise program and behavioral modifications 
at home and work are critical for successful conservative 
management [10]. Once initial improvements are notice-
able, subsequent efforts focus on increasing activity lev-
els. Although the conservative management protocol for 
TOS seems straightforward, no consensus exists regard-
ing which muscles should be strengthened or stretched. 
This narrative review article aims to discuss all non-in-
vasive treatment methods. Although many treatment op-
tions are available for TOS, the optimal treatment regi-
men remains unclear. First-line therapy is conservative 
and usually consists of a combination of physiotherapy 
and pharmacological treatment.

T
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Manual therapy

Manual therapy and deep massage are beneficial for 
improving the flexibility of involved soft tissues. It can 
effectively restore the appropriate length of musculo-
skeletal units and proper body posture [13], increase 
the diameter of associated spaces, and subsequently 
decrease the compression of the neurovascular bundles. 
The manual therapy protocol included mobilization of 
the cervical spine, first rib, acromioclavicular, sternocla-
vicular, and scapulothoracic joints. Furthermore, deep 
massage and stretching of the pectoral and scalene mus-
cles are beneficial [16]. However, some studies have re-
ported that manual therapies can provoke neurovascular 
bundles and deteriorate symptoms [17].

Physical therapy

Physical therapy for the treatment of TOS is challeng-
ing for 2 reasons. The first is the lack of sufficient expe-
rience due to the small number of diagnosed patients, 
especially in cases of associated pathologies. Second, 
the prolonged duration of rehabilitation is 4-6 months 
[5]. Consequently, monitoring patients, mainly when 
they have low compliance, is challenging. Regarding 
TOS rehabilitation, three essential elements improved 
the results. First, repeated motions that compress the 
costoclavicular area or overstress the brachial plexus, in-
cluding shoulder abduction, while extending the elbow 
and wrist. Second, the scalene, sternocleidomastoid, up-
per and middle trapezius, and deltoid muscles, which 
are parts of the dorsocervical and parascapular muscles, 
should not be strengthened. The final step was to avoid 
pain triggers [5]. Ten steps constitute the standard reha-
bilitation approach for treating TOS [18, 19]:

1. Heat and electrotherapy (trans-epidermal nerve 
stimulation [TENS]) to the painful muscles of the entire 
dorsal cervical region and shoulder while the patient lies 
on the back.

2. Instruction in abdominal-diaphragmatic respiration 
in standing, sitting, and lying.

3. Prolonged manual massage of the shoulders and the 
entire dorsal cervical region.

4. Achieving appropriate amplitudes in the acromiocla-
vicular, sterno-costo-clavicular, omo-thoracic, cervical, 
and dorsal joints. The initial five ribs are mobilized. If 
required, osteopathic joint release is performed.

5. The scalene, sternocleidomastoid, pectoral, upper 
and middle trapezius, shoulder stabilizers, and paraver-
tebral muscles are stretched.

6. Passive and active neurodynamic methods are used 
while steering clear of amplitudes that cause discomfort. 
The brachial plexus is stretched in seven consecutive 
periods using proximal and distal neuro-slip techniques 
sporadically to allow for nerve traction.

7. Spinal posture correction and proprioceptive reha-
bilitation.

8. Instruction in good posture. Repetitive shoulder 
abduction and retropulsion were avoided. The elbow 
should be closed to the body throughout the shoulder 
range of motion.

9. Muscle strengthening should be avoided, except 
for muscles that open the costoclavicular interspace, in-
cluding the paravertebral, serratus, and pectoralis minor 
muscles. The patient should not sense trigger pain or 
dysesthesia with these active exercises.

10. Other beneficial methods can also be used. These 
techniques include Mézières-type global stretching, 
temporomandibular rehabilitation, application of suction 
cups or magnets to painful muscles, manual therapies, 
sophrology, and yoga.

Rehabilitation sessions were started at a frequency of 
2-3 per week. In the maintenance phase, the sessions 
are repeated every 15 days. Although rehabilitation pro-
grams usually include 30 to 40 sessions, severe cases 
may require more sessions [13, 20].

According to a retrospective study, an intensive, mul-
tidisciplinary, hospital-based rehabilitation program can 
be effective in patients with symptomatic TOS even after 
a failed private practice physiotherapy course [19, 21].

Home exercises

After the patients’ postural alignment has been evalu-
ated, a home exercise regimen should be implemented. 
Two of the most prevalent postural abnormalities in indi-
viduals of all ages are forward head posture and protract-
ed shoulders (PSs) [22]. A PS is a forward displacement 
of the acromion about the seventh cervical vertebral pro-
cess that can be measured using the shoulder angle [23]. 
It is often accompanied by an elongated, forward, and 
inwardly rotated shoulder blade and tension in the pecto-
ralis minor muscle. Stretching the shortened upper trape-
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zius, sternocleidomastoid, and levator scapulae muscles 
and strengthening the deep neck flexors are effective in 
correcting the forward posture of the head. At the same 
time, PS treatment is usually based on strengthening the 
stabilizers of the scapula and rotator cuff muscles and 
stretching the anterior muscles, namely the pectoralis 
minor (Figure 1). In a vertical sitting position, the arm 
on the affected side was turned outwards and abducted 
to 90°. This mainly stretches the pectoralis minor. Simul-
taneously, rotating the neck down towards the ceiling to 
a slight stretch, applying gentle pressure, and assisting 
with lateral flexion and rotation of the neck will help 
to stretch other muscles such as the levator scapula and 
upper trapezius. All exercises were performed on both 
sides.

The exercises should start with stretching tight muscles 
for at least 4-6 months, followed by strengthening ex-
ercises of the inhibited muscles. The training protocol 
consists of at least three stretching exercises, including 
static stretching with a 30-second hold for two sets for 

4-6 weeks (stretching exercises figures). Daily muscle 
stretching is the best treatment. When the pain gradually 
decreases and the length of the short muscles improves 
slightly, strengthening exercises should be started. 

The deep flexor muscles of the neck, particularly the 
longus colli and longus capitis, should be trained for en-
durance. This should be a low-impact exercise in which 
internal positions of craniocervical flexion are per-
formed and held, explicitly activating the deep flexors 
of the neck and not the superficial flexors. This exercise 
started in the supine position (Figure 2) and progressed 
to the standing position (Figure 3). Strengthening train-
ing in three sets of 10 and 12 repetitions twice a week for 
at least 2-3 weakened muscle groups is additionally sug-
gested. Stretching exercises should be performed during 
this phase. 

Figure 1. Stretching of pectoralis minor, levator scapula, and slightly upper trapezius
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Figure 3. Standing position of chin tuck exercise

Figure 2. Chin tuck exercise, craniocervical flexion
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Therapeutic injection

The anterior or middle scalene muscles may compress 
neurovascular structures in the scalene triangle. Exces-
sive compression of the neurovascular bundle can oc-
cur in the scalenus minimus. Anesthetic blockade of the 
scalene muscles produces temporary improvement in 
patients with TOS [24]. Steroid injections rarely result 
in substantial lasting relief. Botulinum toxin, which can 
induce muscle relaxation for up to 6 months, was previ-
ously proposed as an agent that may be used to produce 
longer-lasting effects similar to those of steroid injec-
tions [25, 26]. A 23-gauge Teflon needle was coated and 
bared at the tip under fluoroscopic guidance into the an-
terior scalene muscle using standard electromyographic 
equipment, and the muscle activity is monitored simulta-
neously. The anterior scalene muscle should be electro-
myographically identified by selective activation during 
lateral head tilt and inspiration. Patients with refractory 
symptoms may benefit from botulinum toxin type A 
(BTX-A), steroids, or anesthetics injections. Some stud-
ies have reported that BTX-A injections significantly 
reduce pain and symptoms in most patients with TOS 
[24, 27]. However, a randomized, controlled trial study 
showed no statistically significant improvement in pain 
or symptoms after BTX-A injection in patients with 
TOS. The chronicity of symptoms may result in a higher 
risk of central sensitization and, subsequently, a lower 
response to BTX-A injections [28]. On the other hand, 
some studies have shown that BTX-A injections lead to 
a significant reduction in pain and symptoms for up to 3 
months in 64%–69% of TOS patients [29, 30]. Adequate 
response to BTX-A injection is a prognostic predictor 
of outcomes after surgical supraclavicular decompres-
sion with a success rate of 90% [31, 32]. In addition to 
BTX-A injections, utilization of other agents, including 
steroids and local anesthetics combined with physical 
therapies, effectively improves symptoms and functional 
outcomes [1, 8, 33]. The potential for a 20% incidence 
of dysphagia, however mild, as observed in previous 
studies of botulinum injection in cervical muscles, is ex-
pected to be minimized using electrophysiological fluo-
roscopic guidance during injection [34].

Dry needling

Sensational back pain arising from a muscular source 
not directly related to nerve compression has been re-
ported in cases reported. Myofascial pain syndrome is 
usually associated with myofascial trigger points which 
are highly localized, hyperirritable spots in a palpable, 
taut band of skeletal muscle fibers. Trigger points should 
be examined as a source of complaints in patients with 

TOS [35]. Assuming that the complaints are reproduced 
by manual compression of these trigger points, an ad-
ditional treatment method of dry needling concurrent 
with other methods should be suggested [36]. While 
the patient was seated, sterile 0.25×40 mm acupuncture 
needles were inserted into the skin over the palpated 
trigger points and advanced deep into the taut ligaments. 
Reproduction of pain or localized twitching is consid-
ered to be an appropriate needle position. The needles 
were left in situ for 10 minutes, rotated clockwise after 
the 10th minute, and left in situ for another 10 minutes. 
After a total of 20 minutes, the needles were removed 
[37]. Relevant trigger points, common in the infraspina-
tus, pectoralis minor, and teres minor, should be treated 
using fast-in and fast-out techniques with multiple rapid 
needle insertions [38]. The patient is seated in this tech-
nique, and sterile 22 G needles, 32 mm long, are inserted 
into the taut ligaments. The trigger points were needled 
by moving the needle back and forth eight to ten times at 
the same point, turning it clockwise, and then needling 
the surrounding muscle tissue by changing the angle of 
inclination of the needle. Reproduction of pain or local 
twitching is considered a suitable needle position [39]. 
However, gentle coning until a local twitch response is 
achieved has been previously reported [36]. All treat-
ment protocols were performed three weekly sessions 
for at least three weeks [40].

Orthoses and braces

Previous studies have shown that passive elevation 
and retraction of the shoulder can help reduce pain and 
paresthesia in patients with moderate-to-severe symp-
toms [41, 42]. Ortaç et al. reported the effectiveness of 
kinesio-taping (KT) in improving pain, paresthesia, and 
functional outcomes in patients with symptomatic TOS. 
With a mechanism similar to KT, night splints and or-
thoses combined with a physical therapy program can be 
beneficial [41].

Patient education and behavior modification

Patients must clearly understand the mechanisms and 
postures that lead to provocation of the symptoms [43].
Patient should also be educated in positions that relieve 
symptoms during acute exacerbations [43]. For example, 
passive shoulder elevation or resting the affected arm on 
the armrest of a chair or pillow for 30 minutes could re-
lieve symptoms during acute exacerbation. Modifying 
sleep habits is also crucial, especially in patients with 
increased nocturnal paresthesia and discomfort. Chang-
ing the sleeping side of the bed can resolve this problem. 
The patient should maintain the affected arm in a neutral 
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position and not place it in a hyperabduction position 
using an extra pillow during sleep. Patients must avoid 
intensive aerobic activities. These activities lead to exer-
tional breathing and subsequently increase activity of the 
scalene muscles [19].

The shoulder strap of an automobile seatbelt can lead 
to excessive compression of the thoracic outlet. The pa-
tient could diminish this pressure by adding padding to 
the strap. Female patients should wear strapless bras or 
apply extra padding to shoulder straps to decrease pres-
sure. Heavy objects, especially handbags or backpacks, 
may increase depression of the affected shoulder and 
cause excessive traction on neurovascular structures. 
Accordingly, carrying heavy objects with an affected 
arm should be avoided. 

Conclusion 

Early detection and appropriate individualized treat-
ment are crucial in managing patients with nTOS, al-
though this is often difficult due to the non-specific 
symptoms at initial presentation. Conservative therapy 
remains the first-line treatment and usually consists of 
a combination of physiotherapy and exercise rehabilita-
tion. Injection therapy and dry needling can also help 
control pain. Surgical intervention is considered only 
when conservative therapy fails.

Ethical Considerations

Compliance with ethical guidelines

There were no ethical considerations to be considered in 
this research.

Funding

This research did not receive any grant from funding 
agencies in the public, commercial, or non-profit sectors. 

Authors' contributions

Conceptualization and methodology: Niki Tadayon; Inves-
tigation, resources, data curation, software, validation, and 
formal analysis: Azadeh Hakakzadeh; Visualization, supervi-
sion, project administration, and funding acquisition: Seyed 
Mohammad Reza Kalantar-Motamedi; Writing the original 
draft: Farsad Biglari; Review and editing: Meisam Jafari Ka-
fiabadi. 

Conflict of interest

The authors declared no conflict of interest.

References

[1] Layeghi F, Farzad M, Hosseini S A. The multidisciplinary 
conservative approach in treatment of TOS. Iran Rehabili J. 
2010; 8(2):40-2. [Link]

[2] Teijink SBJ, Pesser N, Goeteyn J, Barnhoorn RJ, van Sam-
beek MRHM, van Nuenen BFL, et al. General overview 
and diagnostic (imaging) techniques for neurogenic tho-
racic outlet syndrome. Diagnostics (Basel). 2023; 13(9):1625. 
[DOI:10.3390/diagnostics13091625] [PMID] 

[3] Fugate MW, Rotellini-Coltvet L, Freischlag JA. Current man-
agement of thoracic outlet syndrome. Curr Treat Options 
Cardiovasc Med. 2009; 11(2):176-83.[DOI:10.1007/s11936-
009-0018-4] [PMID] 

[4] Chandra V, Olcott C 4th, Lee JT. Early results of a highly 
selective algorithm for surgery on patients with neurogenic 
thoracic outlet syndrome.J Vasc Surg. 2011; 54(6):1698-705. 
[DOI:10.1016/j.jvs.2011.05.105] [PMID] 

[5] Couzan S, Martin JM, Chave É, Le Hello C. Update on the 
thoracic outlet syndrome and plexus brachial syndrome: 
specific clinical examination (for all) and rehabilitation 
protocol. J Med Vasc. 2021 ;46(5-6):232-40. [DOI:10.1016/j.
jdmv.2021.10.004] [PMID] 

[6] Walsh MT. Therapist management of thoracic outlet syn-
drome. J Hand Ther. 1994; 7(2):131-44. [DOI:10.1016/S0894-
1130(12)80083-4] [PMID] 

[7] Landry GJ, Moneta GL, Taylor LM Jr, Edwards JM, Porter 
JM. Long-term functional outcome of neurogenic thoracic 
outlet syndrome in surgically and conservatively treated 
patients. J Vasc Surg. 2001; 33(2):312-7; discussion 317-9. 
[DOI:10.1067/mva.2001.112950] [PMID] 

[8] Benzon HT, Rodes ME, Chekka K, Malik K, Pearce WH. 
Scalene muscle injections for neurogenic thoracic out-
let syndrome: Case series. Pain Pract. 2012; 12(1):66-70. 
[DOI:10.1111/j.1533-2500.2011.00468.x] [PMID] 

[9] Collins E, Orpin M. Physical therapy management of neu-
rogenic thoracic outlet syndrome. Thorac Surg Clin. 2021; 
31(1):61-9. [DOI:10.1016/j.thorsurg.2020.09.003] [PMID] 

[10] Dengler NF, Pedro MT, Kretschmer T, Heinen C, Rosahl 
SK, Antoniadis G. Neurogenic thoracic outlet syndrome: 
Presentation, diagnosis, and treatment. Dtsch Arztebl Int. 
2022; 119(43):735-42. [DOI:10.3238/arztebl.m2022.0296] 
[PMID] 

[11] Alnahhal KI, Penukonda S, Lingutla R, Irshad A, Allison 
GM, Salehi P. The effects of major depression disorder on 
neurogenic thoracic outlet syndrome surgery outcomes. Vas-
cular. 2023; 31(2):359-68. [DOI:10.1177/17085381211062747] 
[PMID] 

[12] Balderman J, Abuirqeba AA, Eichaker L, Pate C, Earley JA, 
Bottros MM, et al. Physical therapy management, surgical 
treatment, and patient-reported outcomes measures in a 
prospective observational cohort of patients with neurogen-
ic thoracic outlet syndrome. J Vasc Surg. 2019; 70(3):832-41. 
[DOI:10.1016/j.jvs.2018.12.027] [PMID] 

[13] Li N, Dierks G, Vervaeke HE, Jumonville A, Kaye AD, Myr-
cik D, et al. Thoracic outlet syndrome: A narrative review. 
J Clin Med. 2021; 10(5):962. [DOI:10.3390/jcm10050962] 
[PMID] 

Tadayon N, et al. Conservative Strategies for Thoracic Outlet Syndrome. J. Res Orthop Sci. 2023; 10(3):115-124.

https://irj.uswr.ac.ir/article-1-191-en.html
https://doi.org/10.3390/diagnostics13091625
https://www.ncbi.nlm.nih.gov/pubmed/37175016
https://doi.org/10.1007/s11936-009-0018-4
https://doi.org/10.1007/s11936-009-0018-4
https://www.ncbi.nlm.nih.gov/pubmed/19289030
https://doi.org/10.1016/j.jvs.2011.05.105
https://www.ncbi.nlm.nih.gov/pubmed/21803527
https://doi.org/10.1016/j.jdmv.2021.10.004
https://doi.org/10.1016/j.jdmv.2021.10.004
https://www.ncbi.nlm.nih.gov/pubmed/34862017
https://doi.org/10.1016/S0894-1130(12)80083-4
https://doi.org/10.1016/S0894-1130(12)80083-4
https://www.ncbi.nlm.nih.gov/pubmed/8038876
https://doi.org/10.1067/mva.2001.112950
https://www.ncbi.nlm.nih.gov/pubmed/11174783
https://doi.org/10.1111/j.1533-2500.2011.00468.x
https://www.ncbi.nlm.nih.gov/pubmed/21635687
https://doi.org/10.1016/j.thorsurg.2020.09.003
https://www.ncbi.nlm.nih.gov/pubmed/33220772
https://doi.org/10.3238/arztebl.m2022.0296
https://www.ncbi.nlm.nih.gov/pubmed/35978467
https://doi.org/10.1177/17085381211062747
https://www.ncbi.nlm.nih.gov/pubmed/34958613
https://doi.org/10.1016/j.jvs.2018.12.027
https://pubmed.ncbi.nlm.nih.gov/30852035/
https://doi.org/10.3390/jcm10050962
https://www.ncbi.nlm.nih.gov/pubmed/33804565


122

 August 2023. Volume 10. Number 3

[14] Masocatto NO, Da-Matta T, Prozzo TG, Couto WJ, Porfirio 
G. Thoracic outlet syndrome: A narrative review. Rev 
Col Bras Cir. 2019; 46(5):e20192243. [DOI:10.1590/0100-
6991e-20192243] [PMID] 

[15] Pesser N, Goeteyn J, van der Sanden L, Houterman S, van 
Alfen N, van Sambeek MRHM, et al. Feasibility and out-
comes of a multidisciplinary care pathway for neurogenic 
thoracic outlet syndrome: a prospective observational co-
hort study. Eur J Vasc Endovasc Surg. 2021; 61(6):1017-24. 
[DOI:10.1016/j.ejvs.2021.02.048] [PMID] 

[16] Novak CB, Mackinnon SE, Patterson GA. Evaluation of pa-
tients with thoracic outlet syndrome. J Hand Surg Am. 1993; 
18(2):292-9. [DOI:10.1016/0363-5023(93)90364-9] [PMID] 

[17] Lindgren KA. Conservative treatment of thoracic outlet 
syndrome: A 2-year follow-up. Arch Phys Med Rehabil. 
1997; 78(4):373-8. [DOI:10.1016/S0003-9993(97)90228-8] 
[PMID] 

[18] Kenny RA, Traynor GB, Withington D, Keegan DJ. Tho-
racic outlet syndrome: A useful exercise treatment op-
tion. Am J Surg. 1993; 165(2):282-4. [DOI:10.1016/S0002-
9610(05)80527-6] [PMID] 

[19] Luu D, Seto R, Deoraj K. Exercise rehabilitation for neu-
rogenic thoracic outlet syndrome: A scoping review. J Can 
Chiropr Assoc. 2022; 66(1):43-60. [PMID]

[20] Kuwayama DP, Lund JR, Brantigan CO, Glebova NO. 
Choosing surgery for neurogenic TOS: The roles of physical 
exam, physical therapy, and imaging. Diagnostics (Basel). 
2017 ; 7(2):37. [DOI:10.3390/diagnostics7020037] [PMID] 

[21] Davoli F, Staffa G, Ciarrocchi AP, Stella F. Thoracic outlet 
syndrome: Which surgical approach. Curr Chall Thorac 
Surg. 2021; 3:3. [DOI:10.21037/ccts.2020.03.05] 

[22] Levine NA, Rigby BR. Thoracic outlet syndrome: Biome-
chanical and exercise considerations. Healthcare (Basel). 
2018; 6(2):68. [DOI:10.3390/healthcare6020068] [PMID] 

[23] Ruivo RM, Pezarat-Correia P, Carita AI. Effects of a re-
sistance and stretching training program on forward head 
and protracted shoulder posture in adolescents. J Ma-
nipulative Physiol Ther. 2017; 40(1):1-10. [DOI:10.1016/j.
jmpt.2016.10.005] [PMID] 

[24] Jordan SE, Ahn SS, Freischlag JA, Gelabert HA, Machleder 
HI. Selective botulinum chemodenervation of the scalene 
muscles for treatment of neurogenic thoracic outlet syn-
drome. Ann Vasc Surg. 2000; 14(4):365-9. [DOI:10.1007/
s100169910079] [PMID] 

[25] Jankovic J, Brin MF. Botulinum toxin: Historical perspective 
and potential new indications. Muscle Nerve Suppl. 1997; 
6:S129-45. [PMID] 

[26] Jordan SE, Machleder HI. Diagnosis of thoracic outlet syn-
drome using electrophysiologically guided anterior scalene 
blocks. Ann Vasc Surg. 1998; 12(3):260-4. [DOI:10.1007/
s100169900150] [PMID] 

[27] Aoki KR. Review of a proposed mechanism for the antino-
ciceptive action of botulinum toxin type A. Neurotoxicol-
ogy. 2005; 26(5):785-93. [DOI:10.1016/j.neuro.2005.01.017] 
[PMID] 

[28] Finlayson HC, O'Connor RJ, Brasher PMA, Travlos A. 
Botulinum toxin injection for management of thoracic out-
let syndrome: A double-blind, randomized, controlled trial. 
Pain. 2011; 152(9):2023-8. [DOI:10.1016/j.pain.2011.04.027] 
[PMID] 

[29] Christo PJ, Christo DK, Carinci AJ, Freischlag JA. Single 
CT-guided chemodenervation of the anterior scalene mus-
cle with botulinum toxin for neurogenic thoracic outlet syn-
drome. Pain Med. 2010; 11(4):504-11. [DOI:10.1111/j.1526-
4637.2010.00814.x] [PMID] 

[30] Torriani M, Gupta R, Donahue DM. Botulinum toxin injec-
tion in neurogenic thoracic outlet syndrome: Results and 
experience using a ultrasound-guided approach. Skeletal 
Radiol. 2010; 39(10):973-80. [DOI:10.1007/s00256-010-0897-
1] [PMID] 

[31] Jordan SE, Ahn SS, Gelabert HA. Combining ultrasonog-
raphy and electromyography for botulinum chemodenerva-
tion treatment of thoracic outlet syndrome: Comparison with 
fluoroscopy and electromyography guidance. Pain Physi-
cian. 2007; 10(4):541-6. [DOI:10.36076/ppj.2007/10/541] 
[PMID] 

[32] Donahue DM, Godoy IRB, Gupta R, Donahue JA, Torriani 
M. Sonographically guided botulinum toxin injections in 
patients with neurogenic thoracic outlet syndrome: Correla-
tion with surgical outcomes. Skeletal Radiol. 2020; 49(5):715-
22. [DOI:10.1007/s00256-019-03331-9] [PMID] 

[33] Rached R, Hsing W, Rached C. Evaluation of the efficacy 
of ropivacaine injection in the anterior and middle scalene 
muscles guided by ultrasonography in the treatment of Tho-
racic Outlet Syndrome. Rev Assoc Med Bras (1992). 2019; 
65(7):982-7. [DOI:10.1590/1806-9282.65.7.982] [PMID] 

[34] Machleder HI, Moll F, Verity MA. The anterior scalene mus-
cle in thoracic outlet compression syndrome: Histochemical 
and morphometric studies. Arch Surg. 1986; 121(10):1141-4. 
[DOI:10.1001/archsurg.1986.01400100047009] [PMID] 

[35] Bubnov R, Kalika L. POS1284 fascial ultrasound: the context 
for dry needling trigger points in treatment of myofascial 
pain, postural imbalance. Annals of the Rheumatic Diseas-
es. 2021; 80:924-5. [DOI: 10.1136/annrheumdis-2021-eu-
lar.3843]

[36] Calvo-Lobo C, Pacheco-da-Costa S, Martínez-Martínez J, 
Rodríguez-Sanz D, Cuesta-Álvaro P, López-López D. Dry 
needling on the infraspinatus latent and active myofascial 
trigger points in older adults with nonspecific shoulder 
pain: A randomized clinical trial. J Geriatr Phys Ther. 2018; 
41(1):1-13. [DOI:10.1519/JPT.0000000000000079] [PMID] 

[37] Dunning J, Butts R, Mourad F, Young I, Flannagan S, Per-
reault T. Dry needling: A literature review with implica-
tions for clinical practice guidelines. Phys Ther Rev. 2014; 
19(4):252-65. [DOI:10.1179/108331913X13844245102034] 
[PMID] 

[38] Lane E, Clewley D, Koppenhaver S. Complaints of upper 
extremity numbness and tingling relieved with dry nee-
dling of the teres minor and infraspinatus: A case report. J 
Orthop Sports Phys Ther. 2017; 47(4):287-92. [DOI:10.2519/
jospt.2017.7055] [PMID] 

[39] Simons D. Myofascial pain and dysfunction. The trigger 
point manual. 1999. [Link]

Tadayon N, et al. Conservative Strategies for Thoracic Outlet Syndrome. J. Res Orthop Sci. 2023; 10(3):115-124.

https://doi.org/10.1590/0100-6991e-20192243
https://doi.org/10.1590/0100-6991e-20192243
https://pubmed.ncbi.nlm.nih.gov/31859722/
https://doi.org/10.1016/j.ejvs.2021.02.048
https://pubmed.ncbi.nlm.nih.gov/33810976/
https://doi.org/10.1016/0363-5023(93)90364-9
https://www.ncbi.nlm.nih.gov/pubmed/8463597
https://doi.org/10.1016/S0003-9993(97)90228-8
https://www.ncbi.nlm.nih.gov/pubmed/9111456
https://doi.org/10.1016/S0002-9610(05)80527-6
https://doi.org/10.1016/S0002-9610(05)80527-6
https://www.ncbi.nlm.nih.gov/pubmed/8427413
https://pubmed.ncbi.nlm.nih.gov/35655698/
https://doi.org/10.3390/diagnostics7020037
https://www.ncbi.nlm.nih.gov/pubmed/28644402
https://doi.org/10.21037/ccts.2020.03.05
https://doi.org/10.3390/healthcare6020068
https://www.ncbi.nlm.nih.gov/pubmed/29921751
https://doi.org/10.1016/j.jmpt.2016.10.005
https://doi.org/10.1016/j.jmpt.2016.10.005
https://www.ncbi.nlm.nih.gov/pubmed/27842938
https://doi.org/10.1007/s100169910079
https://doi.org/10.1007/s100169910079
https://www.ncbi.nlm.nih.gov/pubmed/10943789
https://pubmed.ncbi.nlm.nih.gov/9826986/
https://doi.org/10.1007/s100169900150
https://doi.org/10.1007/s100169900150
https://www.ncbi.nlm.nih.gov/pubmed/9588513
https://doi.org/10.1016/j.neuro.2005.01.017
https://www.ncbi.nlm.nih.gov/pubmed/16002144
https://doi.org/10.1016/j.pain.2011.04.027
https://www.ncbi.nlm.nih.gov/pubmed/21628084
https://doi.org/10.1111/j.1526-4637.2010.00814.x
https://doi.org/10.1111/j.1526-4637.2010.00814.x
https://www.ncbi.nlm.nih.gov/pubmed/20202146
https://doi.org/10.1007/s00256-010-0897-1
https://doi.org/10.1007/s00256-010-0897-1
https://www.ncbi.nlm.nih.gov/pubmed/20186413
https://doi.org/10.36076/ppj.2007/10/541
https://www.ncbi.nlm.nih.gov/pubmed/17660852
https://doi.org/10.1007/s00256-019-03331-9
https://www.ncbi.nlm.nih.gov/pubmed/31807876
https://doi.org/10.1590/1806-9282.65.7.982
https://www.ncbi.nlm.nih.gov/pubmed/31389509
https://doi.org/10.1001/archsurg.1986.01400100047009
https://www.ncbi.nlm.nih.gov/pubmed/3767646
https://doi.org/10.1136/annrheumdis-2021-eular.3843
https://doi.org/10.1136/annrheumdis-2021-eular.3843
https://doi.org/10.1519/JPT.0000000000000079
https://www.ncbi.nlm.nih.gov/pubmed/26760574
https://doi.org/10.1179/108331913X13844245102034
https://www.ncbi.nlm.nih.gov/pubmed/25143704
https://doi.org/10.2519/jospt.2017.7055
https://doi.org/10.2519/jospt.2017.7055
https://www.ncbi.nlm.nih.gov/pubmed/28257619
https://cir.nii.ac.jp/crid/1571980075102703104


123

 August 2023. Volume 10. Number 3

[40] Taşoğlu Ö, Şahin Onat Ş, Bölük H, Taşoğlu İ, Özgirgin N. 
Comparison of two different dry-needling techniques in the 
treatment of myofascial pain syndrome. Agri. 2017; 29(1):9-
16. [PMID]

[41] Ortaç EA, Sarpel T, Benlidayı İC. Effects of Kinesio Taping 
on pain, paresthesia, functional status, and overall health sta-
tus in patients with symptomatic thoracic outlet syndrome: 
A single-blind, randomized, placebo-controlled study. Acta 
Orthop Traumatol Turc. 2020; 54(4):394-401. [DOI:10.5152/j.
aott.2020.19042] [PMID] 

[42] Hanif S, Tassadaq N, Rathore MFA, Rashid P, Ahmed N, 
Niazi F. Role of therapeutic exercises in neurogenic tho-
racic outlet syndrome. J Ayub Med Coll Abbottabad. 2007; 
19(4):85-8. [PMID]

[43] Sucher BM. Thoracic outlet syndrome-a myofascial vari-
ant: Part 1. Pathology and diagnosis. J Am Osteopath Assoc. 
1990; 90(8):686-96, 703-4. [DOI:10.1515/jom-1990-900811] 
[PMID] 

Tadayon N, et al. Conservative Strategies for Thoracic Outlet Syndrome. J. Res Orthop Sci. 2023; 10(3):115-124.

https://pubmed.ncbi.nlm.nih.gov/28467572/
https://doi.org/10.5152/j.aott.2020.19042
https://pubmed.ncbi.nlm.nih.gov/32442118/
https://pubmed.ncbi.nlm.nih.gov/18693607/
https://doi.org/10.1515/jom-1990-900811
https://www.ncbi.nlm.nih.gov/pubmed/2204613


This Page Intentionally Left Blank


