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Abstract
Background: Numerous publications have showed the biomechanical in�uence of thoracic spine on
cervical spine. Recently, some authors have pointed out the role of other physiological systems in this
relationship, what have been calle interdependence regional model. It has been studies that interventions
applied over thoracic spine have a neurophysiological in�uence on cervical spine and respiratory system.
Our study evaluates the in�uence of bilateral manipulative technique of �rst rib on pain and pulmonary
function in subjects with chronic non-speci�c neck pain.

Methods: The immediate changes produced by bilateral direct manipulation (HVLA) of �rst rib in subjects
with non-speci�c chronic neck pain will be studied. The sample will be randomly divided into two groups,
experimental and placebo. As dependent variables of the study, we will measure the peak expiratory �ow
and cervical rom. Findings will be analyzed statistically considering a 5% signi�cance level (p ≤ 0.05)

Discussion: Our study aims to provide knowledge about the in�uence of bilateral manipulative technique
of �rst rib in pain and pulmonary capacity in subjects with non-speci�c chronic neck pain. The e�cacy of
this technique may entail an easy access and low cost strategy in patients with pain and a reduction in
pulmonary function. Trial registration Brazilian Clinical Trial Registry, RBR-4dsvfy. Registered on 17 March
2020.

Background
Nonspeci�c neck pain is pain that does not show pathognomonic signs and symptoms, [1] when the
duration of symptoms is greater than 12 weeks of evolution, it acquires the value of chronicity, being
denominated non-speci�c chronic neck pain. [2] It is a common disorder, which generates a great impact
and socio-economic cost. [3] This impact in personal life, social environment, community, health system
and enterprises is high. Although some studies show that among 33% and 65% of subjects recover from
an episode of neck pain after a year, most of cases refer that symptomatology remains during life and,
thus, recurrence is common [4]. Moreover, psychosocial factors in neck pain are determinants for
understanding and management of this condition, not just paying attention to musculoskeletal factors
and approaching this condition from a biopsychosocial perspective. [5,6]

In last years, epidemiologic research in relation to neck and shoulder pain has shown the relationship
between these anatomic regions. In that sense, a recent study performed in 18 different countries which
included 12195 workers shows that it is important to assess the different forms of presentation in
relation to neck/shoulder pain and other associated signs and symptoms. [7] In addition, some authors
have developed the regional interdependence model, [8-10] de�ned by Wainner RS as ”the concept that
seemingly unrelated impairments in a remote anatomical region may contribute to, or be associated with,
the patient’s primary complaint.” [11] Meanwhile, Bialosky et al argued that although the regional
interdependence model has been focused on musculoskeletal system, underlying mechanisms to
patient’s complaints and main signs and symptoms could be more complex, involving other physiological
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systems including those related to peripheral, spinal cord or supraspinal mechanisms. Any condition or
pathology trigger a cascade of reactions that affects not just musculoskeletal system, but also
biopsychosocial, somatovisceral and neurophysiological systems. [8]

Clinical interest in thoracic spine has grown despite the lack of evidence that supports the implication of
this region as main source of pain symptomatology [12], what can be observed in the number of studies
investigating and supporting the application of manipulative therapy in thoracic spine for treating
cervical signs and symptoms, as disability, pain and range of motion. [13-16] In that sense, Heneghan N.
and Rushton A. theorized about how thoracic dysfunction could be involved in triggering and
maintenance of pain in other region [17]. In the same way, McDevitt A. et al supported the interventions
applied over thoracic spine for the treatment of upper quarter conditions, in line with the interdependence
regional model and the neurophysiological effects of spine manipulation. [10] From the point of view of
thoracic mobility, Tanaka R. et al studied the quantitative analysis of rib kinematics through dynamic
chest bone images, and they found that bone fractures and vertebral deformities limit respiratory function
because of reduction of ribs mobility, what leads to a decrease in vital capacity. Thus, this fact explain
the in�uence of thoracic mobility in pulmonary function and vital capacity [18]. Abnormal movement of
rib and chest wall is very common among patients with chronic obstructive pulmonary disease. [23,24]
Different studies have tried to prove the in�uence of manual therapy in respiratory function, although
results  are highly variable, so no determining conclusions have been found between different authors
[25-31].

The aim of the present study is to evaluate the in�uence of bilateral manipulative technique over �rst rib,
so common in clinical practice, on cervical range of motion and peak expiratory �ow in subjects with non-
speci�c neck pain.

Primary Objective

To determine if bilateral manipulative technique (HVLA) over �rst rib in prone position modi�es middle
cervical range of motion and the spirometric value of maximum expiratory �ow at short term in subjects
with non-speci�c neck pain. 

Hypothesis

Bilateral manipulative technique over �rst rib in prone position modi�es mobility of middle cervical spine
in subjects with non-speci�c neck pain, in �exion, extension, rotation and side bending, as well as the
peak expiratory �ow.

Trial Design:

Randomized, controlled, multicenter, parallel, double-blind, two-arm clinical trial of treatment.

Methods/design
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Sample Selection

Individuals with NCNP will be recruited through a text message broadcast on social

networks in the city of Almeria (Spain) and will be selected based on the eligibility criteria

listed below. The study will take place in the facilities Clinic Fisiosur i+D NICA: 15233 and

Clinic Health XXI, NICA: 28841.

Inclusion criteria

Age 18–55 years

Current neck pain

Neck pain continued for at least the last twelve weeks. [2]

Exclusion criteria

Irradiated neck pain

Neck pain associated with vertigo

Osteoporosis

Vertebral fractures

Tumors

Metabolic diseases

Previous neck surgery

Red Flags (Night pain, severe muscle spasm, loss of involuntary weight, symptom

mismatch)

Interventions

The participants can only receive the assigned treatment; they can not combine the

treatment with drugs or other physiotherapeutic treatment. Any interference in the

treatment will be grounds for exclusion.

Group 1: Bilateral First Rib Manipulation
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The subject will be in seated position while the therapist stood behind. One of the therapist’s

hands will contact the rib’s body with the metacarpophalangeal joint of the index finger,

while the thumb will lie over the supraspinatus fossa, and the rest of the fingers over the

clavicle. The other therapist’s hand will be holding the patient’s head, exerting ipsilateral

cervical side bending towards the first rib, and contralateral head rotation. Then, an

inferomedial pressure will be applied to the first rib until the end-feel, and this will be

followed by the thrust manipulation. [32]

Group 2: Sham Treatment

Patients will be placed in the supine position, while the physiotherapist, sited at the head of

the table, will place the palms of his hands under the subject’s head, his fingers contacting

the space between the occipital condyle and the spinal process of the second cervical

vertebra, but with no pressure at this region, simulating the technique of suboccipital

inhibition. This procedure has been used in previous studies [33,34]

Outcomes Measures

Cervical range of motion in flexion, extension, right and left side bending and right and

left rotation. It will be measured with “Clinometer version 4.3 on iOS for Smartphone

(Iphone 6, Apple, USA). The subject will be seated for all measurements, and the device

will be placed in subject’s head through an element with adaptive support. [35-37]

Peak Expiratory Flow (PEF). It will be measured with the device PIKO 1 (PIKO 1,

FERRARIS RESPIRATORY, USA). [38,39] The subject will be seated, and we will ask

him/her to inspire through the nose. After that, he/she will place the spirometer in his

mouth, and we will ask the subject to expel all the air. This procedure will be repeated

three times. All measurements will be registered, and the definitive value will be the

mean of the three repetitions.

These variables will be measured in the pre-evaluation and post-evaluation (short-term).
These evaluations will be carried out by an evaluator trained in developing them, and the
data will be stored in an excel document.

Participants’ timeline
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A brief Standard Protocol Items: Recommendations for Interventional Trials (SPIRIT) flow

diagram is provided in Fig. 1, and a populated SPIRIT checklist is provided in Additional

file 1.

 

Sample Size Calculation

Sample size calculation resulted in a total of 49 subjects, who were divided into two groups:

a control group of 24, and an experimental group of 25. Differences between groups

minimum to detect of 11.5% (0.115) for cervical flexion mobility. [40] Considering an alpha

value of 5% (0.05); a beta value of 20% (0.20) in an unilateral contrast; a standard

deviation of 15%; an unit ratio between subject of each group; and finally, a loss rate of 8%.

Software Granmo online (version 7.12) was used for sample size calculation and a

significance value of 5% (0.05).

Randomization

Subjects will be divided into two groups by means of balanced randomization, carried out

with free software (http://www.randomized.org/). The randomization sequence will only be

done by the principal investigator and auditor.

Blinding

Evaluator and participants in the study will be blinded during the entire process.

Statistical Analysis

The statistical analysis will be carried out through the IBM-SPSS Statistics 24 software.

The normality test applied to all the variables will be the Kolmogorov-Smirnov test. For the

contrast of intragroup hypotheses, Student's T test for paired variables will be applied in

the case of parametric distributions and Kruskal-Wallis H for non-parametric distributions.

For the intergroup hypothesis contrast, t-Student will be used in the case of parametric

distributions and Mann-Whitney's U for nonparametric distributions. The confidence level

used will be 95% (0'05) and the power of the study will be 90% (0'1).
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Discussion
This article presents a detailed description of a randomized controlled trial designed to analyze the
results in terms of range of motion and peak expiratory �ow produced by bilateral manipulative technique
of �rst rib through HVLA.

High variability of results can be observed in scienti�c literature. Thus, we try to determine the in�uence
of this kind of manual techniques, which can be an easy acess and low-cost strategy, in patients with
respiratory conditions, who presents expiratory de�cits and reduction in cervico-thoracic mobility,
improving mainly in-hospital periods. In relation to chronic conditions, the increased work of accessory
inspiratory musculature (scalenes, upper trapezius and sternocleidomastoid) in respiratory pathologies
could lead to an overuse of this musculature, [41] which could, at the same time,  produce repercussion in
high rib biomechanics and, specially, of �rst rib, triggering di�culties at the inspiratory and expiratory
functions, both at rest and during basic activities of daily life. In that sense, manipulative technique of
�rst rib could generate signi�cative changes in chronic subjects.

On the other hand, anatomobiomechanical disposition of cervicothoracic complex could also be affected
in cases of chronic neck pain due to movement limitation in different joint planes from this region, [42]
where �rst rib is a point of union and interconnection between cervical region and high thoracic wall. [42-
44] That’s why the input over �rst rib and his neurophysiological effect could improve range of
movement, pain perception and respiratory function present in subjects with chronic non-speci�c neck
pain. [45]

We have designed a randomized, controlled, double-blinded clinical trial, with the aim that our study could
contribute to increase scienti�c knowledge about this issue, and could initiate new lines of future
research.

Trial status

This is the �rst protocol version. Participants will be recruited in May 2020. Study completion is expected
to be June 2020.

List Of Abbreviations
NCNP: Non-Speci�c Chronic Neck Pain

HVLA: High-Velocity Low-Amplitude

Declarations
Ethics approval and consent to participate



Page 8/13

This study complies with the Helsinki guidelines for human research and it has been approved by the
ethics committee of the University Hospital Virgen Macarena – Virgen del Rocío. The identi�cation of
each individual will remain concealed based on the ethical principles of con�dentiality and privacy. All
participants will receive an informed consent with information about all treatments and the
randomization process that they will approve for participation in the study. Patients assigned to the
control group will receive treatment 1 after completing the study.

Consent for publication

            Not applicable.

Availability of data and material

Not applicable.

Competing interests

            The autors declare that they have not competing interests.

Funding

This trial was conducted with no external funding and its costs have been assumed by researchers.

Authors' contributions

CRB is the director of the proyect, contributed to the protocol development, provided clinical expertise and
he is responsible for designing statistical procedures. CBU is the co-director of the proyect and
contributed to the protocol development and provided clinical expertise. EAL contributed to the protocol in
the methodological design and provided clinical expertise. JJGG is the principal investigator and has
contributed to the concept and study design, provided clinical expertise and manuscript development. All
authors read and approved the �nal manuscript.

Acknowledgements

            Not applicable.

References
1. Childs JD, Cleland JA, Elliott JM, Teyhen DS, Wainner RS, Whitman JM, et al. Neck pain: clinical

practice guidelines linked to the International Classi�cation of Functioning, Disability, and Health
from the Orthopedic Section of the American Physical Therapy Association. J Orthop Sports Phys
Ther 2008;38(9):1e34.

2. Cohen SP. Epidemiology, diagnosis, and treatment of neck pain. Mayo Clin Proc. England; 2015
Feb;90(2):284–99.



Page 9/13

3. Daffner SD, Hilibrand AS, Hanscom BS, Brislin BT, Vaccaro AR, Albert TJ. Impact of neck and arm
pain on overall health status. Spine (Phila Pa 1976). 2003 Sep 1;28(17):2030-5.

4. Hoy DG, Protani M, De R, Buchbinder R. The epidemiology of neck pain. Best Pract Res Clin
Rheumatol. Elsevier; 2010 Dec 12;24(6):783–92.

5. Vargas-Prada S, Coggon D. Psychological and psychosocial determinants of musculoskeletal pain
and associated disability. Best Pract Res Clin Rheumatol. Netherlands; 2015 Jun;29(3):374–90.

�. van Randeraad-van der Zee CH, Beurskens AJHM, Swinkels RAHM, Pool JJM, Batterham RW,
Osborne RH, et al. The burden of neck pain: its meaning for persons with neck pain and healthcare
providers, explored by concept mapping. Qual Life Res. Netherlands; 2016 May;25(5):1219–25.

7. Sarquis LMM, Coggon D, Ntani G, Walker-Bone K, Palmer KT, Felli VE, et al. Classi�cation of
neck/shoulder pain in epidemiological research: a comparison of personal and occupational
characteristics, disability, and prognosis among 12,195 workers from 18 countries. Pain. United
States; 2016 May;157(5):1028–36.

�. Sueki DG, Cleland JA, Wainner RS. A regional interdependence model of musculoskeletal
dysfunction: research, mechanisms, and clinical implications. J Man Manip Ther. England; 2013
May;21(2):90–102.

9. Bialosky JE, Bishop MD, George SZ. Regional interdependence: a musculoskeletal examination
model whose time has come. The Journal of orthopaedic and sports physical therapy. United States;
2008. p. 159–60.

10. McDevitt A, Young J, Mintken P, Cleland J. Regional interdependence and manual therapy directed at
the thoracic spine. J Man Manip Ther. England; 2015 Jul;23(3):139–46.

11. Wainner RS, Whitman JM, Cleland JA, Flynn TW. Regional interdependence: a musculoskeletal
examination model whose time has come. J Orthop Sports Phys Ther. 2007;37(11):658–60.

12. Snider KT, Snider EJ, DeGooyer BR, Bukowski AM, Fleming RK, Johnson JC. Retrospective medical
record review of an osteopathic manipulative medicine hospital consultation service. J Am
Osteopath Assoc. United States; 2013 Oct;113(10):754–67.

13. Saavedra-Hernandez M, Arroyo-Morales M, Cantarero-Villanueva I, Fernandez-Lao C, Castro-Sanchez
AM, Puentedura EJ, et al. Short-term effects of spinal thrust joint manipulation in patients with
chronic neck pain: a randomized clinical trial. Clin Rehabil. England; 2013 Jun;27(6):504–12

14. Gonzalez‐Iglesias J, Fernandez‐De‐Las‐Penas C, Cleland JA, Rosario Gutierrez‐Vega M. Thoracic
spine manipulation for the management of patients with neck pain: a randomized clinical trial.
Journal of Orthopaedic and Sports Physical Therapy 2009;39(1):20‐7.

15. Krauss J, Creighton D, Ely JD, Podlewska‐Ely J. The immediate effects of upper thoracic translatoric
spinal manipulation on cervical pain and range of motion: a randomized clinical trial. Journal of
Manual and Manipulative Therapy 2008;16(2):93‐9

1�. Masaracchio M, Cleland J, Hellman M, Hagins M. Short‐term combined effects of thoracic spine
thrust manipulation and cervical spine nonthrust manipulation in individuals with mechanical neck



Page 10/13

pain: a randomized clinical trial. Journal of Orthopaedic & Sports Physical Therapy 2013;43(3):118‐
27.

17. Heneghan NR, Rushton A. Understanding why the thoracic region is the “Cinderella” region of the
spine. Man Ther. Scotland; 2016 Feb;21:274–6.

1�. Tanaka R, Sanada S, Sakuta K, Kawashima H. Quantitative analysis of rib kinematics based on
dynamic chest bone images: preliminary results. J Med imaging (Bellingham, Wash). United States;
2015 Apr;2(2):24002.

19. Gilmartin JJ, Gibson GJ. Abnormalities of chest wall motion in patients with chronic air�ow
obstruction. Thorax. England; 1984 Apr;39(4):264–71.

20. Jones M, Troup F, Nugus J, Roughton M, Hodson M, Rayner C, et al. Does manual therapy provide
additional bene�t to breathing retraining in the management of dysfunctional breathing? A
randomised controlled trial. Disabil Rehabil. England; 2015;37(9):763–70.

21. Sleszynski SL, Kelso AF. Comparison of thoracic manipulation with incentive spirometry in
preventing postoperative atelectasis. J Am Osteopath Assoc. UNITED STATES; 1993 Aug;93(8):834-
838-845.

22. Noll DR, Degenhardt BF, Morley TF, Blais FX, Hortos KA, Hensel K, et al. E�cacy of osteopathic
manipulation as an adjunctive treatment for hospitalized patients with pneumonia: a randomized
controlled trial. Osteopath Med Prim Care. England; 2010;4:2.

23. Wirth B, Amstalden M, Perk M, Boutellier U, Humphreys BK. Respiratory dysfunction in patients with
chronic neck pain - in�uence of thoracic spine and chest mobility. Man Ther. Scotland; 2014
Oct;19(5):440–4.

24. Sarkar M, Bhardwaz R, Madabhavi I, Modi M. Physical signs in patients with chronic obstructive
pulmonary disease. Lung India 2019;36:38-47.

25. Yilmaz Yelvar GD, Cirak Y, Demir YP, Dalkilinc M, Bozkurt B. Immediate effect of manual therapy on
respiratory functions and inspiratory muscle strength in patients with COPD. Int J Chron Obstruct
Pulmon Dis. New Zealand; 2016;11:1353–7.

2�. Henderson AT, Fisher JF, Blair J, Shea C, Li TS, Bridges KG. Effects of rib raising on the autonomic
nervous system: a pilot study using noninvasive biomarkers. J Am Osteopath Assoc. United States;
2010 Jun;110(6):324–30.

27. Hruby RJ, Hoffman KN. Avian in�uenza: an osteopathic component to treatment. Osteopath Med
Prim Care. England; 2007;1:10.

2�. Jones M, Troup F, Nugus J, Roughton M, Hodson M, Rayner C, et al. Does manual therapy provide
additional bene�t to breathing retraining in the management of dysfunctional breathing? A
randomised controlled trial. Disabil Rehabil. England; 2015;37(9):763–70.

29. Sleszynski SL, Kelso AF. Comparison of thoracic manipulation with incentive spirometry in
preventing postoperative atelectasis. J Am Osteopath Assoc. UNITED STATES; 1993 Aug;93(8):834-
838-845.



Page 11/13

30. Noll DR, Degenhardt BF, Morley TF, Blais FX, Hortos KA, Hensel K, et al. E�cacy of osteopathic
manipulation as an adjunctive treatment for hospitalized patients with pneumonia: a randomized
controlled trial. Osteopath Med Prim Care. England; 2010;4:2.

31. Wirth B, Amstalden M, Perk M, Boutellier U, Humphreys BK. Respiratory dysfunction in patients with
chronic neck pain - in�uence of thoracic spine and chest mobility. Man Ther. Scotland; 2014
Oct;19(5):440–4.

32. Pena-Salinas M, Oliva-Pascual-Vaca J, Heredia-Rizo AM, Rodriguez-Blanco C, Ricard F, Oliva-Pascual-
Vaca A. No immediate changes on neural and muscular mechanosensitivity after �rst rib
manipulation in subjects with cervical whiplash: A randomized controlled trial. J Back Musculoskelet
Rehabil. 2017;30(4):921–8.

33. Bernal-Utrera, C., González-Gerez, J.J., Saavedra-Hernandez, M. et al. Manual therapy versus
therapeutic exercise in non-speci�c chronic neck pain: study protocol for a randomized controlled
trial. Trials 20, 487 (2019).

34. Heredia-Rizo AM, Pascual-Vaca AO, Cabello MA, et al. Immediate effects of the suboccipital muscle
inhibition technique in craniocervical posture and greater occipital nerve mechanosensitivity in
subjects with a history of orthodontia use: a randomized trial. J Manip Physiol Ther. 2012;35:446–
53.

35. Prushansky T, Deryi O, Jabarreen B. Reproducibility and validity of digital inclinometry for measuring
cervical range of motion in normal subjects. Physiother Res Int. United States; 2010 Mar;15(1):42–8.

3�. Sanchez Rodriguez MT, Collado Vazquez S, Martin Casas P, Cano de la Cuerda R. Neurorehabilitation
and apps: A systematic review of mobile applications. Neurologia. 2018 Jun;33(5):313–26.

37. Pourahmadi MR, Ebrahimi Takamjani I, Sarrafzadeh J, Bahramian M, Mohseni-Bandpei MA,
Rajabzadeh F, et al. Reliability and concurrent validity of a new iPhone((R)) goniometric application
for measuring active wrist range of motion: a cross-sectional study in asymptomatic subjects. J
Anat. 2017 Mar;230(3):484–95.

3�. Rodriguez-Pascual L, Cordero-Guevara J, Viejo-Banuelos JL. Agreement between pneumotachograph
and PiKo-1 measurements of PEF and FEV1. Arch Bronconeumol. Spain; 2006 Mar;42(3):144–7.

39. Dal Negro RW, Micheletto C, Tognella S, Turati C, Bisato R, Guerriero M, et al. PIKO-1, an effective,
handy device for the patient’s personal PEFR and FEV1 electronic long-term monitoring. Monaldi
Arch forchest Dis = Arch Monaldi per le Mal del torace. Italy; 2007 Jun;67(2):84–9.

40. Hakkinen A, Salo P, Tarvainen U, Wiren K, Ylinen J. Effect of manual therapy and stretching on neck
muscle strength and mobility in chronic neck pain. J Rehabil Med. Sweden; 2007 Sep;39(7):575–9.

41. Tsukamoto T, Maruyama H, Kato M, Uchida M, Kubo A. Characteristics of respiratory muscle fatigue
upon inhalation resistance with a maximal inspiratory mouth pressure of 50%. J Phys Ther Sci.
2019;31(4):318-325.

42. Wirth B, Amstalden M, Perk M, Boutellier U, Humphreys BK. Respiratory dysfunction in patients with
chronic neck pain - in�uence of thoracic spine and chest mobility. Man Ther. 2014;19(5):440-444.



Page 12/13

43. Cheon JH, Lim NN, Lee GS, et al. Differences of Spinal Curvature, Thoracic Mobility, and Respiratory
Strength Between Chronic Neck Pain Patients and People Without Cervical Pain. Ann Rehabil Med.
2020;44(1):58-68.

44. Joshi S, Balthillaya G, Raghava Neelapala Y V. Thoracic posture and mobility in mechanical neck
pain population: A review of the literature. Asian Spine J. 2019;13(5):849-860.

45. Dimitriadis Z, Kapreli E, Strimpakos N, Oldham J. Respiratory dysfunction in patients with chronic
neck pain: What is the current evidence? J Bodyw Mov Ther. 2016;20(4):704-714.2016;20(4):704-
714.

Figures

Figure 1

Standard Protocol Items: Recommendations for Interventional Trials (SPIRIT) �ow diagram
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