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1 ABSTRACT 

Background: Neck pain is very common and accounts for 15% of all soft tissue 

problems with a lifetime prevalence of seventy-one percent. Cervical traction is often 

recommended as part of the treatment of neck pain patients. Several studies assessed 

home based cervical traction devices and reported good results, especially for neck 

pain patients with radiculopathy. A new pneumatic home-based cervical traction 

device, the Cervical Stretcher (CS), was designed by Curaceres GmbH, Alpnach Dorf, 

Switzerland. In this study, the safety, feasibility and acute effects of the CS on 

distraction of the cervical spine were assessed.  

Methods and design: This study was an explorative, experimental pilot study on 

twenty healthy subjects, recruited out of the body of the Bern University of Applied 

Sciences (BUAS). Change in stiffness and change in muscle activity before and after 

two different intervention settings (intermittent and continuous traction) were evaluated 

with a new electro-magnetic traction device, the TrakSTAR™ and Electromyographie 

(EMG) respectively. Repeated measures analysis of variance with Bonferroni-adjusted 

post hoc comparisons were performed to assess change of stiffness at six different 

time-points for both intermittent and continuous intervention and Friedmann-tests with 

Bonferroni-adjusted pairwise comparisons were performed for three different muscles 

on both sides of the neck. Safety and feasibility of traction, administered using the CS, 

were collected with the Numeric Rating Scale (NRS) and two self-constructed 

questionnaires. 

Results: No statistically significant changes of stiffness between the six time-points 

were found for both intermittent and continuous traction. Although not at all time points 

significant, a tendency towards a decrease in muscle activity between the time points 

before intervention and immediately after intervention and a tendency towards an 

increase of muscle activity between immediately after intervention and later time points 

was seen. NRS and symptoms questionnaire revealed no adverse events. 

Discussion: The results of the NRS and symptom questionnaire showed, that the CS 

can be applied safely on a healthy population. Although traction intervention with the 

CS appears to be feasible, adjustments in design of the CS might improve the function 

and efficacy of the CS.  
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2 INTRODUCTION AND BACKGROUND 

2.1 Prevalence of neck pain 

Neck pain is very common and therefore often seen in physiotherapy practice. It 

accounts for 15% of all soft tissue problems (Bovim, Schrader, & Sand, 1994). An adult 

has a 26 to 71 percent chance of experiencing an episode of neck pain or stiffness 

during their lifetime (Bovim et al., 1994). According to the Dutch study of Picavet & 

Schouten (2003), neck pain is the third most leading cause of musculoskeletal pain and 

has far-reaching consequences for health, work and the use of health care. Coté, 

Cassidy, & Carroll (1998) surveyed 2184 persons, age 20 to 69 years, with respect to 

neck pain, intensity and duration. Up to 70% reported at least one episode of neck pain 

or neck stiffness (Coté, Cassidy & Carroll, 1998). Fejer, Ohm Kyvik, & Hartvigsen 

(2006) determined in his review the prevalence of neck pain in the world population for 

six prevalence periods (point, week, month, six months, year and lifetime). Generally, 

with longer prevalence periods, the prevalence ranges increase and the mean 

prevalence estimates for the adult populations show a steady increase (Fejer, Ohm 

Kyvik & Hartvigsen, 2006).  

According to the Swiss Rheumaliga, in Switzerland 30.2% of women and 16% of men 

suffer very frequently from neck pain. More than one- third of these persons report an 

absence of work due to back pain, either partially or completely, for one or more times 

a year, (Gerfin, 2011). Prevalence of neck pain increases with age and is most 

common in women around the fifth decade of life (Bovim et al., 1994; Croft et al., 

2001). Although the natural history of neck pain appears to be favourable (Di Fabio & 

Boissonnault, 1998; Jette & Jette, 1996) rates of recurrent neck pain and chronicity are 

high (Borghouts, Koes, & Bouter, 1998). Bovim et al., 1994 report that 30% of neck 

patients will develop chronic symptoms, with neck pain of more than 6 months duration, 

affecting 14% of all individuals who experience an episode of neck pain. Additionally, a 

recent survey demonstrated that 37% of individuals experiencing neck pain will report 

persistent problems for at least 12 months (Coté, Cassidy, Carroll, & Kristman, 2004) 

and five percent of the adult population with neck pain will be disabled by the pain 

(Bovim et al., 1994). In a survey of workers, mainly "blue collar'' or service industry 

workers, with injuries to the neck and upper extremity, Pransky et al. (2000) reported 

that 42% missed more than 1 week of work and 26% experienced recurrence within 

one year. The costs of treatment and indirect expense are a major public health 

problem (Fejer et al., 2006) and includes costs of treatment, lost wages and 
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compensation expenditures. For instance the total costs of neckpain in the Netherlands 

in 1996 was estimated to about 1% of the total health care expenditure or 0.1% of the 

Dutch gross domestic product (Borghouts, Koes, Vondeling, & Bouter, 1999). In 

Ontario, the estimated percentage of lost-time claimants with neck pain was 11.3% in a 

cohort of claimants to the Ontario Workplace Safety & Insurance board (WSIB) (Coté et 

al., 2008). Jette (1994) reported that patients with neck pain make up approximately 

25% of patients receiving outpatient physical therapy. 

2.2 Cervical traction 

There are various treatments of neck pain and the perceptions of the benefits of these 

treatments are also varied (Bovim et al., 1994; Klaber Moffett et al., 2005). Patients 

with neck pain are frequently treated without surgery by primary care and physical 

therapy providers (Di Fabio & Boissonnault, 1998; Jette & Jette, 1996). Physiotherapy 

treatments often use electrotherapy, ultrasound, heat therapy (hot packs, ice), 

exercises and manual therapy (Klaber Moffett et al., 2005). Cervical traction is also 

often recommended as part of the treatment of patients with neck pain (Childs et al., 

2008). During cervical traction, a tractive force is applied to the neck, either 

intermittently or continuously. This can be done manually or mechanically in sitting or 

supine position.  

The effects of cervical traction on the spine are described as separation of vertebral 

bodies, movement of facet joints, expansion of intervertebral foramen, stretching of soft 

tissue and therefore alleviating pain by increasing activity of mechanosensors reducing 

pain transmission at the spinal cord level (Deets, Hands, & Hopp, 1977) and reduction 

of adhesion within the dural sleeve and decompression of the nerve root within the 

central foramina (Ellenberg, Honet, & Treano, 1994). Moreover, Saunders, 1999 stated 

that traction decreases intervertebral disc pressure. 

The evidence on the effectiveness of cervical spine traction is conflicting (Graham et 

al., 2011; Young, Mitchener, Cleland, Aguillera, & Snyder, 2009; Peake & Harte, 2005; 

Van der Heijden et al., 1995). In the review of Peake & Harte (2005), conflicting 

evidence was well demonstrated: 3 RCTs (one of high and two of moderate quality) 

showed no benefits for cervical traction, 5 case studies of poor-to-moderate quality 

indicated that cervical traction is effective. All five RCTs had certain methodological 

flaws in common, which reduced the quality by introducing bias. A common flaw was 

the failure to analyse the results using an intention-to-treat analysis (Verhagen, de Vet, 

de Bie, Boers, & van den Brandt, 2001). Also the case studies had common 
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methodological flaws. These were: failure to select patients appropriately, failure to 

justify the sample size by power analysis, and no description of the statistical methods 

used. Young et al. (2009) found no statistically significant differences between groups 

for participants receiving traction (either intermittent or continuous) compared to 

placebo traction in terms of pain, function or disability. In a Cochrane Review, Graham 

et al. (2011) found no evidence that clearly supports or refutes the use of either 

continuous or intermittent traction for neck disorders. This shows that since the review 

of Van der Heyden et al. (1995), no considerable change concerning the evidence on 

the effectiveness of cervical traction occurred. Van der Heijden et al. already concluded 

in 1995 that there are no clear indications that traction is ineffective for back and neck 

pain. But on the other hand, however, there is also no evidence that traction is effective 

or more efficacious than other treatments (Van der Heijden et al., 1995).  

Most of the studies reviewed by Van der Heijden et al. (1995) and Graham et al (2011) 

were of poor quality. The selected RCTs in the review of Graham (2011) showed a high 

risk of bias and Van der Heijden (1995) found that most studies lacked power due to 

small sample sizes (Graham et al., 2011; Van der Heijden et al., 1995). Heterogeneous 

groups of patients, insufficient and highly variable disclosures in relation to 

methodology (manually or mechanically, duration of traction, intermittent or continuous, 

intensity, number of series, sitting or supine position, frequency, etcetera), inadequate 

concealment of allocation, poor methods of blinding are methodological flaws, which 

prevent valid and reliable conclusions about the effect of cervical traction. 

Effects of mechanically applied cervical traction are described in several studies. 

Joghataei, Massoud Arab, & Khaksar (2004) measured grip strength as an objective 

parameter to investigate the efficacy of cervical traction in addition to conventional 

physical therapy in the treatment of patients with C7 radiculopathy and compared these 

results with those of a conventional method of treatment. The device used for the 

intermittent cervical traction was the Eltrac 471 (STOLL Medizintechnik GmbH, 

Waiblingen, Germany). The application of cervical traction combined with 

electrotherapy and exercise produced an immediate improvement in the hand grip 

function in patients with cervical radiculopathy. In the retrospective study of Swezey, 

Swezey, & Warner (1999), 58 patients with mild to moderately severe (Grade 3) 

cervical spondylosis syndromes were treated with a brief, simplified, 'over the door' 

home traction method (Camp Head Halter Model 24100, Camp International, Michigan, 

USA oder Diskard Padded Model 83040, PMS, LA, USA) for 5 min twice daily until 

symptoms improved, then once daily for 3 to 4 weeks, and on an 'as needed' basis 
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thereafter. 81% of the patients with mild to moderately severe cervical spondylosis 

reported symptomatic relief. However, Jette, Falkel, & Trombly (1985) (Tru-trac TT92 

model Tru-Eze Manufacturing Co, Temecula, CA, USA) and Murphy (1991) (A TX-1 

Gerät Chattanooga Corp., Chattanooga, USA) found no clear results after mechanical 

cervical traction intervention. In his review of 2011, Salt, Wright, Kelly, & Dean (2011) 

also found no significant favourable effect of mechanical traction by patients with 

chronic neck pain, compared with placebo traction, conventional Physiotherapy, 

manual therapy or behavioural therapy.  

2.3 Intermittent versus continuous cervical traction 

In many studies, the effectiveness and efficacy of intermittent versus continuous 

cervical traction has been assessed. The results of these studies often are in favour of 

intermittent traction, but the methodology of application is very heterogeneous for both 

intermittent and continuous traction (Bormann, Kerkin, Ekici, & Bodur, 2008; Cai, Ming, 

& Ng, 2011; Elnaggar, Elhabashy, & Abd El-Menam, 2009; Fater, Cert, & Kernozek, 

2008; Jette et al., 1985; Joghataei et al., 2004; Moeti & Marchetti, 2001; Murphy, 1991; 

Swezey et al., 1999). Guidelines for the treatment of neck pain and neck related arm 

pain recommend the use of mechanical intermittent cervical traction combined with 

other physiotherapeutic interventions for reducing pain and disability (Childs et al., 

2008). No clear guidelines concerning application time, intensity of traction force, 

positions etc. exist in the literature. For an overview of all parameters used in cervical 

traction studies, we refer to attachment 8.2.  

2.4 Acute effects of cervical traction  

Most studies evaluating effects of cervical traction focus on vertebral separation. To 

evaluate length changes in the cervical spine, normally X-ray pictures were made 

(Fater et al., 2008; Saunders, 1999; Wong, Leong, & Chen, 1992) and vertebral 

separation of the cervical spine during traction was assessed in several positions and 

with various amounts of traction force. Judovich (1952), as cited in Fater et al. (2008), 

found a measurable change in length of the cervical spine of 3 mm to 14 mm with an 

average of nearly 5 mm separation.  

According to Jette et al. (1985) and Murphy (1991), activity of cervical muscles 

increase during cervical traction in subjects with complaints of the cervical spine. 

Normalised myoelectric activity values of the upper trapezoid muscle were used. Lee, 

Wong, Tang, Cheng, & Chen (1996) however report a decrease of muscle activity of 
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the paraspinal C5 muscle, using average EMG activity during intermittent cervical 

traction after 7 weeks. Wong, Lee, Chang, & Tang (1997) describe a significant 

reduction of EMG activity in the paraspinal C5 muscle in healthy and affected subjects, 

while traction is applied, also using average electro-myographic activity. They describe 

greater decrease of muscle activity for muscles with a high tension.  

Another acute effect of cervical traction is an increased range of motion of the cervical 

spine after treatment with traction (Moffet, Hughes, and Griffiths, 1990: as cited in Fater 

et al., 2008; Zylbergold & Piper, 1984).  

Lack of knowledge exists about the relationship between length changes and traction 

force (stiffness) during cervical traction in the cervical spine. Stiffness, as in this study 

researched, is defined as the extent to which the cervical spine as a whole resists 

deformation in response to an applied force, given in a longitudinal direction, following 

the median axis of the body (adaptation of the definition proposed by Baumgart, 2000). 

Both the viscoelastic stiffness of all structures in cervical spine (intervertebral disc, 

zygapophyseal joint complex, spinal ligaments) and contractile properties of cervical 

muscles interact with each other.  

2.5 Modalities of cervical traction 

Traction force, position of application and angle of pull during traction and their 

influence on vertebral separation have been studied (attachment 9.2). Judovich (1952, 

as cited in Fater et al., 2008) applied cervical traction in a seated position using 

incremental forces from 2.3 to 20.5 kg and made lateral radiographs of the cervical 

spine. A measurable change in distance between cervical vertebrae occurred with a 

traction force between 25 and 45 lbs (11.4 - 20 kg, 1 lbs (pound) = 0.453 kg). The 

change in length of the cervical spine between the inferior border of C2 and the 

superior border of C7 ranged from 3 mm to 14 mm with an average of nearly 5 mm 

separation. Also Colachis and Strohm (1965, cited in Graham et al., 2011) stated that a 

traction force of at least 25 - 30 lbs should be applied to achieve a statistically 

significant change in posterior cervical separation. Most clinicians agreed that better 

clinical results were obtained from cervical traction if the neck is placed in some degree 

of flexion since it increases the spacing between posterior vertebral bodies. Colachis 

and Strohm (1965, cited in Graham et al., 2011) examined posterior separation before, 

during and after intermittent mechanical traction in the supine position and observed 

the largest separation in 24° neck flexion. Saunders (1999) reviewed the results of 

Colachis and Strohm and found a decrease of anterior cervical separation with 
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increasing neck flexion. Above a neck flexion of 20°, he found a compression of the 

anterior cervical spine. He therefore recommends applying cervical traction with the 

neck placed in 15° (Saunders, 1999). Traction pull at different angles and the influence 

on vertebral separation were also examined by Wong et al. (1992). Seventeen 

asymptomatic, young adults were evaluated for cervical intervertebral separation under 

three different traction angles: in neutral position, in 30° flexion and in 15° extension. A 

mechanically intermittent traction with 13.5 kg was applied for twenty minutes with 

subjects in supine position. An increase after traction of all cervical intervertebral 

spaces was seen in neutral position and in 30° flexion, but not in 15° extension. Mostly, 

cervical traction was provided in either the sitting or the supine position. Deets et al. 

(1977) examined eight students to determine the position that results in the greatest 

amount of posterior intervertebral separation. He found greater separation of the C4-C7 

vertebrae, measured with radiography, in the supine position, which suggests that the 

supine position was more efficacious than the sitting position. This matches the results 

of the study of Fater et al. (2008), who assessed also the different effects of traction 

application in sitting and supine positions. The "Saunders Cervical Home Tract" (The 

Saunders Group, Inc., Chaska, MN, USA) was used in the supine position and the 

"Traction Kit , Bird & Cronin Inc," (The Saunders Group, Inc., Chaska, MN, USA) was 

used in the sitting position. Radiography was made to assess the effects of the traction 

in both positions. Cervical traction in supine position increased the posterior cervical 

separation between C2 and C7 significantly by 3.9 mm. 

2.6 Safety of cervical traction 

Results of studies assessing the safety of cervical traction and manipulation indicate 

that reactions may be relatively common but are benign in nature and of short duration 

(Cagnie, Vinck, Beernaert, & Cambier, 2004). The most common side effects were 

headaches, stiffness, local discomfort, radiating discomfort and fatigue which began 

within four hours and generally disappeared within the next twenty-four hours (Cagnie 

et al., 2004). In the review of Graham et al. (2011), side effects were reported in one 

RCT (Klaber Moffett et al., 1990) in which two patients reported headaches following 

traction. Although there is a possibility of other harmful effects such as nausea, fainting 

and injury to tissue when using mechanical traction (Sweeney & Doody, 2010), the 

included RCTs did not report any of these side effects.  
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2.7 Home-based devices for cervical traction 

Of the several devices for home-based cervical traction which exist, most have existed 

for years. Several disadvantages have been identified. Many devices use an 'over the 

door pull' to apply cervical traction. This needs stationary application, which leaves the 

patient immobile for the duration of cervical traction and makes application more 

complicated. Other devices are controlled by a servo motor and can therefore apply 

patient specific traction sessions. These devices however are very expensive and can 

only be used in therapeutic practices. Another disadvantage of these devices is, that 

they can only be applied in supine position. The Cervical Stretcher™ (CuraCeres 

GmbH, Alpnach Dorf, Switzerland) is a new home based pneumatic cervical traction 

device which can be used independently by patients at home. It is easy to apply, it 

shows an ergonomic design and costs are low. Another advantage of this device to 

over the door traction devices is the ability of the patient, to stay mobile and the 

possibility of using the device in different positions. The CS obtained the approval of 

Swissmedic in 2010. First applications and experiences with the CS proved to be safe 

and effective (Dr med. Wallimann, FMH Innere Medizin und Andrea Britschgi, Dipl. 

Physiotherapeutin), although safety, feasibility and acute effects of the Cervical 

Stretcher have not been assessed systematically yet. Therefore, the first goal of this 

pilot study was to assess the acute effects of the Cervical Stretcher on two different 

types of distraction of the cervical spine in an asymptomatic population. Change of 

stiffness and muscle activity were assessed. The second goal was to test the safety of 

applications of the CS on healthy subjects, using pain and symptom Questionnaires. 

Responses to the device were described. The third goal was to investigate the 

feasibility of traction applied by the CS to further refine the prototype and to adjust the 

study protocol for future research on a patient population. 
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3 METHODOLOGY 

3.1 Design 

This study was an explorative, experimental, observation, cross section pilot study to 

evaluate the safety, feasibility and acute effects of cervical traction with the Cervical 

Stretcher. The Bern Cantonal Ethics Commission approved the study on 26th 

November 2012 (Ref.-Nr. KEK-BE: 167/12). 

3.2 Subjects 

Twenty healthy persons were included in this study. All subjects showed no 

anamnestic history of cervical disorders, trauma or surgery and no current 

neck/head/shoulder/spine pain. The sample size of twenty subjects was selected 

without a formal sample size calculation. For a pilot study, a formal sample size 

calculation is not necessary required (Thabane et al., 2010). 

Subjects older than 55 years (to ensure osteoarthritis not being a confounder, 

Manchikanti, Singh, Datta, Cohen, & Hirsch, 2009) and younger than 23 years (end of 

growth of the mandibular bones, Lei, Liu, Jin Yap, & Fu, 2012) were excluded. A 

positive vertebrobasilar insufficiency test (VBI), carried out by the same examiner for all 

20 subjects (Kerry & Taylor, 2006), an anamnestically known osteoporosis (T-Score ≤ 

-2.5, (Genant et al., 1999; World Health Organization, 1998) and temporo-mandibular 

disorders and toothache (Swezey et al., 1999) were further exclusion reasons as well 

as systematic diseases, cancer, current pregnancy, ligament hypermobility or intake of 

anti-coagulates. 

3.3 Recruitment and Setting 

Subjects were recruited out of the student body of the Bern University of Applied 

Sciences (BUAS). They all had previous experience with cervical traction. Recruitment 

started in November 2012 and was completed in the first week of December 2012. All 

measurements were performed in the Movement Laboratory of the BUAS between 

December 2012 and February 2013. All subjects have been fully informed about the 

intervention and the pilot character of the study. All persons signed informed consent, 

according to the Helsinki declaration.  
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3.4 Objectives and Hypotheses 

The first goal of this pilot study was to assess the acute effects of the Cervical 

Stretcher on two different types of distraction of the cervical spine in an asymptomatic 

population. Change of stiffness, expressed in change of length at 0 bar, 1 bar, 2 bar 

and maximum bar and change of muscle activity in the upper trapezoid muscles, the 

sternocleidomastoid muscles and the cervical extensors were assessed. The second 

goal was to test the safety of applications of the CS on healthy subjects, using pain and 

symptom questionnaires. Responses to the device were described. The third goal was 

to investigate the feasibility of traction applied by the CS to further refine the prototype 

and to adjust the study protocol for future research on a patient population (figure 1). 

 

Primary End Points Unit Scale 

 Stiffness and stiffness change at 

several time points and at various 

pressure levels for both 

interventions 

 Muscle activity and change of 

muscle activity at several time 

points and at various pressure 

levels for both interventions 

mm at 0, 1, 2, 3 bar  

 

 

 

EMG% at 0, 1, 2 and 

maximum bar 

 

Rational 

 

 

 

Rational 

 

 

Secondary End Points Unit Scale 

 Items NRS 

 Items Symptoms questionnaire  

Score (0-10) 

Score (0-10) 

ordinal 

ordinal 

 

Tertiary End Point Unit Scale 

 Items Feasibility questionnaire Score (0-10) ordinal 

Figure 1: Primary, secondary and tertiary endpoints. 

 

Following hypotheses for the primary endpoints were tested:  

 HoA: αi = 0; (i = 1,2): The intervention form (Intermittent vs continuous) has only 

an on random impact on the dependent variable stiffness and muscle activity.  

 HoB: βj = 0; (j = 1-6): The collection time-points 1-6 have only an on random 

impact on the dependent variables stiffness and muscle activity.  
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 HoAxB: γij = 0; (i = 1,2; j = 1-6): The Interaction between intervention form and 

collection time-points has only an on random impact on the dependent variables 

stiffness and muscle activity. 

It was expected, that stiffness and muscle activity decreased over time and that there 

was a nonrandom impact of intervention form on these changes.  

For the secondary and tertiary endpoints, it was expected that cervical traction, 

administered by the CS, could be applied safely without adverse events on a healthy 

population and that the methods described could be transferred on a patient 

population. 

3.5 Instruments 

In this study, four instruments were used for the acquisition of data.  

 The Cervical Stretcher 

The Cervical Stretcher (figure 1, p.14) was used for applying traction force to the 

cervical spine. An occipital cradle (a) that fits around the upper part of the cervical 

spine and occiput provided the traction force. The chin was supported to prevent 

flexion of the cervical spine during traction. Chin- and chest support (c and e) could be 

lengthwise individually adjusted to each subject. Various shoulder pads (f) ensured an 

optimal adaptation to different body physiques. The patient could apply traction force 

through a handheld bulb pump (g). Over a drain valve, the air could be discharged. The 

CS in this study has been instrumented with a manometer (type: 

SSCSANN001BGAA5, Honeywell S&C, Morristown, New Jersey, USA), which made it 

possible to assess the traction pressure (force) in bar continuously during preliminary 

measurement, intervention and post-measurements. The manufacturer reports 2% total 

error band (imprecision due to the sum of all errors) of this type manometer. Pressure 

data was transferred by cable to a measurement amplifier (UMV, uk-labs, Kempen, 

Germany), 12-bit analog-digital converter (ME-2600i, Meilhaus, Puchheim, Germany) 

and computer. The signal analysis was made with the Analog-Digital-Signal (ADS) 

processing software (uk-labs, Kempen, Germany). 
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Figure 2: The Cervical Stretcher 

 

For optimal traction application with the CS, a standardized setting of head position and 

neck flexion was needed. Mc Evoy & Grimmer (2005) describe the Forward Head 

Position (FHP) as a clinically helpful method for the determination of mid- and lower 

position of cervical spine. The FHP is determined as the angle between the horizontal 

line passing through C7 and a line extending from the tragus of the ear to C7 

(Tousignant et al., 2005). FHP was assessed in a relaxed sitting position to minimize 

the tendency towards flexion or extension of the cervical spine during intervention and 

measurements. Harrison, Barry-Greb, & Wojtowicz (1996) found an average FHP 

angle of 49.34° in 41 healthy subjects, Raine & Twomey (1997) found an average FHP 

of 48.9° (confidence intervals ranged between 1° and 3.8° in 160 asymptomatic 

volunteers aged between 17 and 83 years). The measurement of the FHP was 

performed with a hand goniometer and fixed through the chin pad of the CS. The 

setting of the neck flexion in 15° was also performed with a hand goniometer. The 

fulcrum of the goniometer was centered over the external auditory meatus with the 

stationary arm perpendicular to the floor and the mobile arm aligned with the base of 

the nares (Fater et al., 2008). The subjects were asked to perform a neck flexion until a 

flexion of 15° had been reached. This position was secured with the chest pad of the 

CS. The reliability of goniometer measurements of neck flexion is examined by Fater et 

al. (2008) and proved to be highly reliable with an intraclass correlation of 0.95 and 

0.96 and an interclass correlation of 0.94. To ensure a higher reliability of the setting, 

the same researcher measured all FHPs and neck angles and adjusted the devices. 

 The TrakSTAR™ 

The 3D Guidance TrakSTAR™ (Ascension Technology Cooperation, Burlington VT, 

USA) (figure 3) was used for obtaining data regarding measurement of length changes 

a) neck support 

b) neck ring 

c) chin support 

d) chest support 

e) chest pad 

f) shoulder pad 

g) Hand bulb pump with relieve 

valve 

h) inflatable air cushions 
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(in mm) and range of motion of the cervical spine (in degrees). The data concerning the 

mobility of the cervical spine were not part of this master thesis and therefore not 

discussed in this paper. For the assessment of stiffness of the cervical spine, 

examination of the combination of length change in mm (measured by TrakSTAR™) 

and pressure in bar (measured by manometer) was made. The TrakSTAR™ is a high-

accuracy electromagnetic tracker designed for short-range motion analysing. Through 

sensors, the Trakstar™ analysis simultaneously changes in position in six degrees of 

freedom (X, Y and Z coordinates, Azimuth, Rotation and Elevation). Sensor data are 

reported serially to a host computer via an USB interface with a sampling rate of up to 

240 Hz. Position changes were marked, visualized, analysed and stored by the 

software ADS (uk-labs, Kempen, Germany). The accuracy of the trakSTAR™ is 0.5 

mm for position (1 DOF) and 1.4 mm for tracking (3 DOF) (Schneider & Stevens, 

2007). 

Electromagnetic tracking systems have frequently been used in medicine technics 

(Obstein et al., 2011; Patronik, Ota, Zenati, & Riviere, 2009; Schicho et al., 2005; Wein 

et al., 2009) and in biomechanical movement analysis (Brown et al., 2009) and is highly 

reliable (Schneider & Stevens, 2007). 

 

   

Figure 3a: TrakSTAR™ Short Range 
Transmitter 

3b: TrakSTAR™ Model 130 
6 Degrees Of Freedom Sensor, 
Sensor diameter 2mm, Sensor 
length 9.9mm 

3c: TrakSTAR™ Model 800 
6 Degrees Of Freedom 
Sensor, Sensor diameter 
7.9mm, Sensor length 
19.8mm 

 
Figure 3d: TrakSTAR™ 
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 EMG 

Electromyographic data of the upper trapezius, the sternocleidomastoids and the 

cervical stretchers were obtained with the Noraxon Telemyo 2400 T G2 (Scottsdale AZ, 

USA) and used for evaluation of change in muscle activity during and after cervical 

traction. Data were taken from the muscles on both sides. These muscles are 

accessible to surface electrodes and are considered to be involved in cervical traction 

(Hilse, Erdman, & Iaizzo, 2003). Appropriate skin preparation was performed prior to 

the application of the electrodes, both according to the European guidelines of the 

SENIAM project (Surface ElectroMyoGraphy for the Non-Invasive Assessment of 

Muscles). The reproducibility and reliability of superficial electromyographic 

measurements of these muscles during cervical traction show good results (Falla, 

Dall'Albe, Rainoldi, Merletti, & Jull, 2002). To compare electro-myographic activity 

during the various time periods and between the two interventions, each subject 

performed three maximum voluntary isometric contractions (MVIC) for each muscle. 

The mean over the three MVICs was used as the reference value (100% activity). All 

further EMG-Measurements were expressed as a percentage of these values and 

shown as EMG% (Mc Lean, Chislett, Keith, Murphy, & Walton, 2003). 

The EMG data and the TrakSTAR™ data were collected before, during and after 

cervical traction at six different times (before intervention, directly after intervention, 

after 15, 30, 45 and 60 minutes). 

 Qualitative Questionnaire 

The safety of traction application with CS was assessed using a self-constructed 

qualitative questionnaire and the numeral rating scale. Possible symptoms, like 

headache, neck pain, dizziness, radiating symptoms or discomfort, were collected and 

evaluated on an eleven point scale. The Clinical Guidelines for Assessing 

Vertebrobasilar Insufficiency in the Management of Cervical Spine Disorders (Shirley, 

Magarey, & Refshauge, 2006) served as a basis for the questionnaire. The subjects 

were also asked to rate subjectively experienced mobility of cervical spine and 

subjectively experienced tension of cervical muscles. Tension and mobility before 

intervention was set on zero, more tension as well as less mobility was rated 0 - -5, 

less tension as well as more mobility was rated 0 - 5. All subjects filled out the 

questionnaire before, immediately after (0 minutes), 60 minutes after and 48 hours 

after the traction intervention. 
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Pain assessment has been performed with the Numerical Rating Scale (NRS). At nine 

time points, subjects were asked, if they had any neck-, head-, shoulder- or arm pain. 

The NRS is an often used tool to measure pain intensity (Bolton & Wilkinson, 1998). 

The subjects were asked, to range any pain on an eleven point scale (0= no pain at all, 

10= maximum tolerable pain). Assessment of eventual pain was done immediately 

before intervention, after 10 and 20 minutes during intervention, immediately after 

intervention and 15, 30, 45, 60 minutes and 48 hours after intervention. The sensitivity 

of the NRS is known to be better than the sensitivity of the Visual Analogue Scale 

(VAS) or the Verbal Rating Scale (Bolton & Wilkinson, 1998). The Minimal Detectable 

Change (MDC) of the NRS by patients with neck pain lies between 2.1 (Cleland, 

Childs, & Whitman, 2008) and 2.5 (Pool, Ostelo, Hoving, Bouter, & de Vet, 2007) and 

test-retest reliability of the NRS is good (ICC = 0.76) (Cleland et al., 2008).  

Also feasibility of application of cervical traction with the CS was assessed, using a 

self-constructed questionnaire. Questions about device design, wear comfort, weight, 

color and price were answered by all subjects at the end of the second session on an 

eleven point scale. All subjects were asked to give a judgment of which intervention 

they preferred (intermittent vs. continuously). Furthermore, experiences and 

observations of the researchers during and after cervical traction were collected.  

3.6 Procedure 

After inclusion criteria for each subject were checked and informed consent was given, 

two different traction interventions were made with the Cervical Stretcher. Tractive 

pressure as described in this study was defined as a longitudinal cranial directed force 

following the median axis of the body. All subjects participates in this study received 

both interventions on two independent measurement days with a one week pause in 

between. The order of the intermittent and continuous traction was randomized, using 

MS Excel's syntax RAND.  

Before measurements and intervention started, each subject filled out the symptom- 

and pain questionnaires. Two sensors of the TrakSTAR™, model type 130 6DOF 

(diameter 2.0 mm. length 9.9 mm), were placed on C4 and C7 respectively and 

secured with kinesiotape. The sensors were attached on the kinesiotape through a 

thread to avoid sheering in lateral or rotational direction (figure 4, p.19).    
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Figure 4: TrakSTAR™-sensor attached on           Figure 5: Application sensors 
kinesiotape            

 

A third sensor, model type 800 6DOF (diameter 7.9 mm. length 19.8 mm) was fixed on 

a headband (Type Go Pro hero 2 camera) on the cranium (figure 5). The processus 

spinosis of C4 and C7 were identified by palpation. To ensure, the wires of the sensors 

could move freely and stress on the sensors by the wires of the sensors was avoided, 

a self-constructed tube was made (figure 6).  

 

Figure 6: self-constructed tube for wires of sensors 

EMG electrodes were applied after appropriate preparation of the skin according the 

Perotto AO guidelines (Anatomical Guide for the Electromyographer: The limbs and 

trunk. Springfield Illinois USA: Charles C. Thomas Publisher LTD. 2005). The 

electrodes used were Type Ambu Blue Sensor N (Ref. N-00-S/25, Ambu A/S, Ballerup, 

Danemark). To ensure an optimal standardization, the application of all sensors and 

electrodes was performed by the same trained and experienced researcher. For the 

assessment of muscle activity and change of muscle activity, Maximal Voluntary 

Isometric Contractions (MVIC) were carried out for the upper trapezoid muscles, 

sternocleidomastoid muscles and the cervical extensors before each intervention. For 

the upper trapezoid muscle, the MVIC was obtained in a sitting position with the arm in 

horizontal 90° abduction without additional load of clothes and the head held in an 

upright position. Resistance was given proximal of the elbow and the subjects were 
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asked to hold a maximal contraction for 3-5 seconds (Mathiassen, Winkel, & Hägg, 

1996; Mc Lean et al., 2003). The sternocleidomastoids were also assessed in a sitting 

position. Subjects performed a maximum isometric neck flexion against manual 

resistance (Falla et al., 2002). For determination of the MVIC of the cervical extensors, 

the subjects performed a maximum isometric neck extension against manual 

resistance. During all MVIC measurements, verbal stimulation was given to obtain 

maximum contractions.  

Before the CS was applied, the range of motion of the cervical spine (CROM) was 

measured. Subjects performed flexion, rotation and lateral flexion in both directions in a 

sitting position. TrakSTAR™ sensors on Cranium and C7 recorded the degrees of 

movement. All directions of movement were performed three times and the mean was 

be used for analysis of the CROM before and after intervention. Extension was not 

assessed, due to the TrakSTAR™-sensors, which not allowed maximum movement in 

extension direction.  

After applying the CS, the CS was adapted to each subject. Shoulder pads, neck 

flexion and Forward Head Position were adjusted and the setting for each subject was 

protocolled in the case report. The subjects received instruction in, how to use the hand 

pump and the drain valve and were given opportunity to get familiar with the CS. 

According to the randomized table, either an intermittent or a continuous traction was 

applied. 

 Intermittent traction 

In various studies regarding cervical traction, intermittent traction was used. However, 

no uniform guidelines were followed. Traction phases and rests between traction 

periods varied strongly and lasted between seven and 30 seconds for the phases and 

five and 30 seconds for the pauses (Elnagger et al., 2009; Joghataei et al., 2004; Moeti 

& Marchetti, 2001; Murphy, 1991; Zylbergold & Piper, 1985). 

Based on the known literature (Attachment 13.2, p. 67), a standardized method for the 

application of the intermittent cervical traction was used. After inflation until maximum 

force or onset of pain or discomfort, the traction phase lasted 30 seconds. After that, 

the CS was deflated through the drain valve and a pause of 15 seconds was made. 

This cycle was performed twenty times and total intervention time was approximately 

twenty minutes. To ensure an even and standardized inflation, a metronome was used 

in a predetermined tempo of 144 beats a minute. Before intervention, the subjects were 
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asked to inflate the CS three times to determine their individually maximum force load 

and to obtain the first set of measurement data. Throughout these three preliminary 

trials, muscle activity (EMG%) and stiffness (TrakSTAR™, length in mm and 

manometer, pressure in bar) were recorded. These measurements were also used for 

intra- and inter-reliability measurements. Post-measurements of muscle activity 

(EMG%) and stiffness (mm/bar) were made immediately after intervention and after 15, 

30, 45 and 60 minutes and consisted of three maximum inflations of approximately 4 

seconds. Range of motion of the cervical spine (TrakSTAR™, in°) was performed im-

mediately after post-measurements at the same time-points (Figure 7).  

 

Figure 7: Intermittent and continuous traction with preliminary trials and post-measurements. First trails 
consist of one test and two retests, post measurements at five time-points consist also of one test and two 
retests. 

 

 Continuous Traction 

Furthermore, the methods used in studies assessing continuous cervical traction, are 

very heterogeneous and no clear guidelines exist (Bormann et al., 2008; Cai et al., 

2011; Elnaggar et al., 2009; Fater et al., 2008; Jette et al., 1985; Swezey et al., 1999). 

Traction time in these studies lasted between five and 20 minutes.  

After analysing the literature, traction duration in this pilot study was set on 20 minutes. 

After three preliminary inflations to determine the individually maximum endurable 

traction force and to record muscle activity (EMG%) and stiffness (mm/bar) before 

intervention, the subjects were asked to inflate till maximum force or onset of pain or 

discomfort. Again, a metronome was used to ensure an even inflation. After ten 

minutes, each subject could voluntary increase the traction force once, when they 

thought, the traction force had declined. The three preliminary inflations were also used 

for the assessment of the intra- and inter-reliability measurements. Again, post-
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measurements of muscle activity through EMG (EMG%), stiffness through 

TrakSTAR™ (mm) and manometer (bar) and range of motion of the cervical spine 

through TrakSTAR™ (°) were made immediately after intervention and after 15, 30, 45 

and 60 minutes (Figure 7). Both the intermittent and continuous intervention have been 

applied in a seated position. 

 

The flowchart shows the expiration of the study     

  

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 8: Flowchart of measurements 

 

 

 

 

Legend flowchart 

 
1 The pre-measurements consist of pain 

and symptom questionnaires, MVIC-
measurement, EMG and stiffness 
determination before intervention and 
cROM.   

2 EMG and Stiffness (TrakSTAR, 
Pressure) were electronically recorded 
over the entire duration of 
measurements. 

3 All subjects received two interventions, 
intermittent cervical traction and 
continuous cervical traction. The order 
which intervention was given first was 
randomized. 

4 The pain survey during intervention 
was collected after 1. 10., and 20. 
minutes. 

5The post-measurements occurred 
immediately after the traction 
intervention and after 15, 30, 45 and 
60 minutes.  

6 Symptom questionnaire was filled out 
immediately after intervention, 60 
minutes after intervention and 48 hours 
after intervention. 

7 Feasibility items were collected after 
the second intervention at 60 minutes.  

 
Post-measurements after 48 hours 

 Pain (NRS) 

 Symptom questionnaire6 

Post-measurements 

 EMG2,5 

 Stiffness2,5 

 Cervical range of motion5 

 Pain (NRS)5 

 Symptom questionnaire6 

 Feasibility questionnaire7 

Interventions3 

Intermittent or continuously 
Interventionsmeasurements 

 EMG2 

 Stiffness2 

 Pain (NRS) 4 

Premeasurements1 

 MVIC and EMG2 

 Stiffness2 

 Cerv range of motion (cROM) 1 

 Pain questionnaire (NRS) 
 Symptom questionnaire 
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3.7 Data Analysis 

For signal recording and processing, ADS- Software (uk-labs, Kempen Germany) and 

Noraxon MR-XP were used. Signal analysis of manometer and TrakSTAR™ was made 

by measurement amplifiers (UMV, uk-labs, Kempen, Germany), 12-bit analog-digital 

converter (ME-2600i, Meilhaus, Puchheim, Germany) and with the Analog-Digital-Sig-

nal (ADS) processing software (uk-labs, Kempen, Germany). Muscle activity was as-

sessed with the Noraxon MR-XP and ADS software.  

For statistical analysis SPSS for Windows, version 20, SPSS Inc., and Chicago, IL, 

USA and Microsoft Excel, 2010 were used. The TrakSTAR™ length- and angle meas-

urements and the manometer pressure measurement were recorded with a sampling 

rate of 10 Hz, the stiffness has been calculated as length at a certain pressure (1 bar, 2 

bar, 3 bar and maximal bar) (Magnusson, 1998). EMG of the six muscles was recorded 

with a scanrate of 1 kHz (10 Hz-500 Hz bandpass-filter, Butterworth-Filter, 2nd Order, 

24 dB). The EMG raw values were calculated by moving Root Mean Squares (RMS) 

(200ms window), MVIC-normalized and represented as relative values (EMG%) 

(McLean et al., 2003). 

Descriptive statistics were calculated for subject characteristics (age, sex, length, 

weight, BMI), maximum pressure and muscle activity and stiffness at 1 bar, 2 bar, 3 bar 

and maximum bar at six time points (before intervention, immediately after intervention, 

after 15, 30, 45 and 60 minutes after intervention). 

For both primary endpoints, an univariate repeated measure analysis of variance 

(ANOVA) was made. The assumption of sphericity was tested with Mauchly's test for 

sphericity and in case of a violation of sphericity (variances of the differences are not 

equal), a Greenhouse-Geisser correction was made. For all six muscles, change of 

muscle activity at six time points (before intervention, at 0, 15, 30, 45 and 60 minutes) 

was assessed at various pressure levels (0 bar, 1 bar, 2 bar, 3 bar, maximum bar) and 

for both interventions (intermittent and continuous). Normal distribution of the depend-

ent variables stiffness and muscle activity in the population was examined, using the 

Shapiro-Wilk-test (p > .05: normal distribution). In the sense of a pilot study, the level of 

significance was set on ≤ 0.1 (Thabane et al., 2010). In case of significance, an a priori 

hypothesis and a trend hypothesis were made for the independent variable 'time 

points'. 
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For the secondary endpoints, frequency, time of onset and intensity of occurring 

symptoms and pain at all six time points were evaluated. Subjectively experienced mo-

bility of the cervical spine and subjectively experienced tension of the cervical muscles 

at four time-points were assessed with the non-parametric Friedmann-test. The feasi-

bility questionnaire was used to obtain recommendations for device improvement from 

the insight view of the participating subjects. 
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4 RESULTS 

Twenty subjects met the inclusion and exclusion criteria and participated in this study. 

After the first trials meant to familiarize to the CS, two male subjects had to be 

excluded. Maximum tolerable pressure without onset of pain was not achieved within 

the limits of the CS. Pressure exceeded 7.5 bar and potential damage to the CS and 

therefore potential risk for the subjects could not be excluded. All other subjects, 

ranged in age from 23 to 49 years with a mean age of 31.2 (SD 7.62) years (fourteen 

women and four men) completed the study. Descriptive statistics are shown in table 1. 

 

 N Minimum Maximum Mean (SD) 

Age in years 18   25   48   31.2 (7.62) 

Height in cm 18 158 185 169.7 (7.58) 

Weight in kg 18   48   85   65.4 (9.34) 

Body Mass 

Index in kg/m2 
18     18.8      29.1   22.7 (2.59) 

Table 1: Descriptives subjects 

 

The values of maximum pressure among subjects during inflation, varied strongly (be-

tween 0.96 and 7.46 bar) as seen in following table 2a and 2b. 

 

 Pmax 

before 

Pmax 

after 

Pmax 

after 15 

min 

Pmax 

after 30 

min 

Pmax 

after 45 

min 

Pmax 

after 60 

min 

mean 3.5 3.7 3.4 3.3 3.2 3.3 

SD 1.4 1.0 1.0 1.0 1.1 1.1 

minimum 1.5 1.6 2.0 1.9 1.9 1.9 

maximum 6.0 5.2 5.0 4.8 4.8 5.3 

Table 2a: Maximal pressure (in bar) for intermittent cervical traction (I). Legend: Pmax before = maximum 
pressure before intermittent traction intervention. Pmax after = measurement immediately after interven-
tion. Pmax after 15min, after 30 min, after 45 min and after 60 min = measurements 15, 30, 45 and 60 
minutes after intervention, n=18. 
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 Pmax 

before 

Pmax 

after 

Pmax 

after 15 

min 

Pmax 

after 30 

min 

Pmax 

after 45 

min 

Pmax 

after 60 

min 

mean 3.4 4.0 3.8 3.7 3.6 3.7 

SD 1.5 1.6 1.5 1.4 1.4 1.3 

minimum 1.0 1.6 1.4 1.4 1.5 1.7 

maximum 5.8 7.5 6.8 6.5 5.9 6.1 

Table 2b: Maximal pressure (in bar) for continuous cervical traction (K). Legend: Pmax before = maximum 
pressure before continuous traction intervention. Pmax after = measurement immediately after interven-
tion. Pmax after 15 min, after 30 min, after 45 min and after 60 min = measurements 15, 30, 45 und 60 
minutes after intervention, n=18. 

 

4.1 Stiffness 

Table 3a and 3b contains descriptive data of stiffness at 1 bar, 2 bar, 3 bar and individ-

ually maximum bar at 6 time-points after intermittent and continuous cervical traction.  

 

 Stiffness at 1 

bar int. 

Stiffness at 2 

bar int. 

Stiffness at 3 

bar int. 

Stiffness at P 

max. int. 

Mean before (SD)  -.9 (2.5) 1.3 (6.1)  -20.5 (19.0) 7.0 (14.3) 

Mean after (SD) -1.2 (4.1)  -0.1 (12.0)  -16.3 (17.4) 2.8 (28.3) 

Mean after 15 (SD) -1.2 (3.5) -0.1 (9.5)  -15.4 (12.1) 1.8 (22.5) 

Mean after 30 (SD) -1.3 (4.5)    0.3 (11.3)  -15.3 (19.0) 1.7 (25.8) 

Mean after 45 (SD) -0.3 (2.3)  2.0 (8.0)  -15.3 (18.1) 3.1 (19.2) 

Mean after 60 (SD) -0.1 (3.4)  1.1 (8.3) -13.4 (8.5) 5.5 (20.1) 

N= 18 14 8 18 

Table 3a: Descriptives stiffness during intermittent intervention: mean and standard deviations for stiffness 
at 1, 2, 3 and maximum pressure before, immediately after intervention and after 15, 30, 45 and 60 
minutes after intervention. Stiffness expressed in mm at 1 bar, 2 bar, 3 bar and maximal pressure.  
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 Stiffness at 1 

bar cont. 

Stiffness at 2 

bar cont. 

Stiffness at 3 

bar cont. 

Stiffness at P 

max.  cont. 

Mean before (SD)  0.1 (2.2) 0.6 (5.1) -14.2 (8.8)  4.2 (15.5) 

Mean after (SD) -0.1 (2.2) 0.4 (6.5) -16.0 (6.9) 10.0 (32.3) 

Mean after 15 (SD) -0.1 (2.7) 1.2 (6.4) -16.2 (9.1)  7.9 (19.5) 

Mean after 30 (SD) -0.7 (3.2) 0.8 (7.3) -16.5 (9.8)  2.6 (21.9) 

Mean after 45 (SD) -0.6 (3.0) 0.3 (7.1)  -14.7 (11.2)  2.5 (20.9) 

Mean after (SD) -0.6 (3.0) 1.0 (8.4)  -14.6 (11.0)  4.0 (22.5) 

N= 18 14 8 18 

Table 3b: Descriptives stiffness during continuous intervention: mean and standard deviations for stiffness 
at 1, 2, 3 and maximum pressure before, immediately after intervention and on 15, 30, 45 and 60 minutes 
after intervention. Stiffness expressed in mm at 1 bar, 2 bar, 3 bar and maximal pressure. 

 

As shown in the table 3a and 3b, fourteen subjects exceeded 2 bar and eight subjects 

exceeded 3 bar. Four subjects never reached a traction force of 2 bar, another six 

subjects remained below 3 bar. 

Stiffness and change of stiffness at 1 bar were tested, using a within-within subjects 

ANOVA to determine whether there were statistically significant differences in stiffness 

over time (6 time points) and intervention type (intermittent vs. continuous). First, stu-

dentized residuals were calculated to check for outliers. Any residuals ≥ ± 3 (standard 

deviations) were classified as outliers. The largest negative studentized residual was -

2.87. No positive studentized residuals were greater than 3 standard deviations either 

(1.29), so no outliers were found. Normal distribution was tested, based on residuals 

with all residuals have been normally distributed as assessed by Shapiro-Wilk test (p > 

.05). The assumption of sphericity was not violated, as assessed by Mauchly's Test of 

Sphericity (Ӽ2 = 4.890, p = .988). There was no statistically significant difference in 

stiffness between the intermittent and the continuous trial at the pre-intervention time 

point (F = 1.392, p = .254, partial ŋ2 = .076).  

Neither the intermittent nor the continuous intervention nor the interaction of time and 

intervention did elicit statistically significant changes in stiffness over time as in table 4, 

p 28 is shown. 
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 Intervention at 1 bar Time at 1 bar Time * Intervention at 1 

bar 

F .518 .400 2.345 

p .481 .536  .144 

Table 4: Results ANOVA F - distribution and significance (p) for stiffness measurements at 1 bar.  

 

The same procedure was used to assess stiffness at 2 and at 3 bar. Again the data 

was checked for outliers, using studentized residuals. At 2 bar, the largest negative 

studentized residual was - 2.88 and positive studentized residuals did not exceed 1.72. 

At 3 bar, the studentized residuals values were positioned between -2.61 and 1.31 

which meant that no outliers were identified. As for normal distribution, Shapiro Wilk 

Test at 2 bar showed that 4 out of 12 residuals were not normally distributed. At 3 bar 

even 8 out of 12 residuals were not normally distributed. Therefore, the results of a 

Friedmann test and an ANOVA test were compared to detect eventually differences in 

statistically significance. As this was not the case (Friedmann: 2 bar: p = .979; 3 bar: p 

= .944), the results of the ANOVA test were used for analysis. Again, no stastistically 

significantly interaction between intervention and time were found and also the mean 

effect of time and the mean effect of intervention were for both 2 and 3 bar not signifi-

cant (figure 5). 

 Int. at 2 

bar 

Time at 2 

bar 

Time * Int 

at 2 bar 

Int. at 3 

bar 

Time at 3 

bar 

Time * Int. 

at 3 bar 

F .002 .218 .294 .045 .473 .593 

p .968 .954 .915 .838 .793 .706 

Table 5: Results ANOVA stiffness at 2 and 3 bar 

 

4.2 Muscle activity 

To assess muscle activity and change of muscle activity, a within-within subjects 

ANOVA was planned. However, criteria for an ANOVA were violated on all assump-

tions. Normal distribution was markedly violated for all six muscles and for all six time-

points as assessed with the Shapiro-Wilk Test (p < .05). Also outliers were found in all 

measurements. Figure 9a-9l shows the descriptives for all muscles for all six time-

points before and after intermittent and continuous traction intervention at pressure = 0 

bar (during rest) in boxplots. 
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Figure 9a and 9b: Boxplot with median, quartile, whiskers and outliers of right upper trapezoid muscle 

Figure 9c and 9d: Boxplot with median, quartile, whiskers and outliers of left upper trapezoid muscle 

 

Figure 9e and 9f: Boxplot with median, quartile, whiskers and outliers of left sternocleidomastoid muscle 
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Figure 9g and 9h: Boxplot with median, quartile, whiskers and outliers of right sternocleidomastoid muscle 

 

Figure 9i and 9j: Boxplot with median, quartile, whiskers and outliers of right cervical extensors 

 

Figure 9k and 9i: Boxplot with median, quartile, whiskers and outliers of left cervical extensors.  

Legend figure 9: p0 before = muscle activity before intervention, when pressure is 0 bar, p0 after = muscle 

activity immediately after intervention at 0 bar, p0 after 15, p0 after 30, p0 after 45 and p0 after 60 = 

muscle activity after 15, 30, 45 and 60 minutes after intervention, when pressure is 0 bar. 
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Therefore, instead of ANOVA-tests, Friedmann tests were run to determine if there 

were changes in muscle activity during the six time-points. When a test was statistically 

significant, pairwise comparisons were performed (post-hoc testing) with a Bonferroni 

correction for multiple comparisons to determine on which specific time-point or time-

points, the difference lies. SPSS 20 includes pairwise comparisons for nonparametric 

testing and therefore, multiple Wilcoxon signed-rank tests are no longer required. Table 

6 gives an overview over the medians of the MVIC% for the left upper trapezoid muscle 

at all six time-points for four different pressure values. 'Intermittent' shows the median 

values for the intermittent intervention; 'continuous' shows the median values for the 

continuous intervention. 

 

Pressure 

= 0 bar 

Time before after 
after 15 

min 

after 30 

min 

after 45 

min 

after 60 

min 

intermittent 6.6 6.6 6.0 7.7 6.9 5.8 

continuous 5.6 4.6 6.0 5.7 4.3 4.5 

Pressure

= 1 bar 

Time before after 
after 15 

min 

after 30 

min 

after 45 

min 

after 60 

min 

intermittent 6.8 5.2 5.2 7.6 6.4 6.3 

continuous 5.3 4.7 6.3 6.0 5.1 6.0 

Pressure

= 2 bar 

Time before after 
after 15 

min 

after 30 

min 

after 45 

min 

after 60 

min 

intermittent 7.0 6.9 5.8 7.2 7.2 5.8 

continuous 6.2 4.9 6.2 6.1 5.4 6.7 

Pressure

= max 

Time before after 
after 15 

min 

after 30 

min 

after 45 

min 

after 60 

min 

intermittent 7.0 4.7 6.0 6.3 6.6 6.5 

continuous 6.3 5.5 6.0 6.4 4.7 5.7 

Table 6: Medians left upper trapezoid muscle at six time-points and four different pressure values. Legend: 
before = before intervention; after, after 15, after 30, after 45, after 60 = immediately after, after 15, 30, 45 
and 60 minutes after intervention respectively. 
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Changes in muscle activity of the left upper trapezoid muscle were statistically signifi-

cantly different at the different time points by pressure = 1 bar (Ӽ = 11.714, p = .039) 

and pressure = (individually) maximum (Ӽ = 17.714, p = .003) for the intermittent inter-

vention. Pairwise comparisons found no significant differences for pressure = 1 bar 

between the different time-points. For maximally individually pressure, post-hoc analy-

sis revealed significant differences between time point 'after' (immediately after inter-

vention, Mdn = 4.7) and time point 'after 30' (30 minutes after intervention, Mdn = 6.3; p 

= .037) and between time point 0 (Mdn = 4.7) and time point 'after 45' (45 minutes after 

intervention, Mdn = 6.6; p = .003). An increase of muscle activity occurred. 

 

Table 7 shows all the results for the right upper trapezoid muscle. 

Pressure 

= 0 bar 

Time before after 
after 15 

min 

after 30 

min 

after 45 

min 

after 60 

min 

intermittent 5.6 5.1 4.6 5.8 6.1 6.8 

continuous 4.5 4.1 4.9 5.4 4.9 4.4 

Pressure

= 1 bar 

Time before after 
after 15 

min 

after 30 

min 

after 45 

min 

after 60 

min 

intermittent 5.9 4.3 4.4 6.6 5.6 6.3 

continuous 4.6 4.2 5.7 4.9 5.1 4.6 

Pressure

= 2 bar 

Time before after 
after 15 

min 

after 30 

min 

after 45 

min 

after 60 

min 

intermittent 5.2 4.7 4.2 6.3 5.8 5.1 

continuous 4.2 3.8 5.1 4.4 5.2 4.6 

Pressure

= max 

Time before after 
after 15 

min 

after 30 

min 

after 45 

min 

after 60 

min 

intermittent 5.4 4.5 4.5 5.6 5.6 5.1 

continuous 4.7 4.6 5.0 5.2 4.2 5.1 

Table 7: Medians right upper trapezoid muscle at six time-points and four different pressure values. 
Legend: before = before intervention; after, after 15, after 30, after 45 and after 60 = immediately after, 
after 15, 30, 45 and 60 minutes after intervention respectively. 

 

Also for the right upper trapezoid muscle, statistically significantly results were only 

found for different time-points after intermittent intervention. For pressure = 0 bar, pres-
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sure = 1 bar and pressure = maximum, Friedmann test found at least one difference 

between the time-points (pressure = 0: p = .014, Ӽ = 14.317; pressure = 1 bar: p = 

.018, Ӽ = 13.651; pressure = max: p = .001, Ӽ = 20.889). Pairwise comparisons with 

Bonferroni correction showed for pressure = 0 bar significant differences between 'after 

15' (15 minutes after intervention) and 'after 45' (45 minutes after intervention, p = 

.049). For pressure at 1 bar, a statistically significant difference was found between 

'after' and 'after 60' (60 minutes after intervention, p = .086) and for maximum pressure 

between 'after' and 'after 30' (p = .008), between 'after' and 'after 45' (p = .003) and 

between 'after' and 'after 60' (p = .003). All significant changes of muscle activity 

showed changes in the direction of an increase of voltage. 

 

Pressure 

= 0 bar 

Time before after 
after 15 

min 

after 30 

min 

after 45 

min 

after 60 

min 

Intermittent 3.7 3.4 3.5 4.0 3.7 3.5 

continuous 3.9 3.8 4.0 3.9 3.8 3.9 

Pressure

= 1 bar 

Time before after 
after 15 

min 

after 30 

min 

after 45 

min 

after 60 

min 

intermittent 4.1 3.8 4.4 4.6 3.9 4.7 

continuous 3.7 3.8 3.9 4.0 4.1 4.0 

Pressure

= 2 bar 

Time before after 
after 15 

min 

after 30 

min 

after 45 

min 

after 60 

min 

intermittent 3.6 3.8 4.5 4.4 3.8 4.4 

continuous 4.0 4.0 3.8 4.4 4.2 4.0 

Pressure

= max 

Time before after 
after 15 

min 

after 30 

min 

after 45 

min 

after 60 

min 

intermittent 4.1 4.8 4.6 5.1 5.0 4.8 

continuous 4.2 4.3 4.4 4.1 4.2 4.9 

Table 8: Medians left sternocleidomastoid muscle at six time-points and four different pressure values. 
Legend: before = before intervention; after, after 15, after 30, after 45 and after 60 = immediately after, 
after 15, 30, 45 and 60 minutes after intervention respectively. 

 

For the left sternocleidomastoid muscle, following significant results were found, as 

presented in Table 8: 
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Pressure 0 bar: intermittent intervention: p=.056, Ӽ=10.762 and continuous interven-

tion: p=.034, Ӽ=12.027; Pressure 1 bar: intermittent intervention: p=.002, Ӽ=18.413; 

Pressure at maximum bar: intermittent intervention: p=.088, Ӽ=9.587 and continuous 

intervention: p=.058, Ӽ=10.644. Again, for all significant tests, pairwise comparisons 

were performed to determine where exactly the differences were located. Table 9 pre-

sents the results of the pairwise comparisons. 

 

Pressure Intervention Time-point p 

P=0 bar intermittent none  

P=0 bar continuous Between 'after' and 'after 60' .017 

P=1 bar intermittent Between 'before' and 'after' .049 

P=1 bar intermittent Between 'after' and 'after 30'  .008 

P=1 bar intermittent Between 'after' and 'after 60'  .002 

P=max intermittent none  

P=max continuous Between 'before' and 'after 60'  .075 

Table 9: Pairwise comparisons of significant Friedmann-tests of left sternocleidomastoid muscle  

Legend: 'before' = before intervention, 'after' = immediately after intervention, 'after 30' = 30 minutes after 

intervention, 'after 60' = 60 minutes after intervention 

 

Muscle activity of the left sternocleidomastoid muscle decreases only in the period be-

fore intervention and immediately after intervention at pressure = 1 bar (Mdn before: 

4.1, Mdn at n=0: 3.8). All other significant changes in activity include an increase of 

muscle activity. 

 

The right sternocleidomastoid muscle showed overall significant changes in activity at 

P=0 continuous intervention (p=.014, Ӽ=14.205), at P=1 bar for intermittent (p=.066, 

Ӽ=10.349) and continuous intervention (p=.029, Ӽ=12.424) and for P=max for inter-

mittent intervention (p=.089, Ӽ=9.556) (Table 10). Post-hoc analysis revealed statisti-

cally significantly differences at a pressure of 0 bar between 'after' (immediately after 

intervention) and 'after 60' (60 minutes after intervention) for continuous intervention 

only (p=.003). At a pressure of 1 bar, muscle activity changed significantly after both 

intermittent intervention (between 'after' and 'after 45', p=.065) and continuous inter-

vention (between 'after' and 'after 60', p=.057). At pressure = (individually) maximum, 

the overall Friedmann test showed significance (p=.089), however pairwise compari-

sons disclosed no significantly differences between the different time points. Again, an 

increase in muscle activity was observed. 
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Pressure 

= 0 bar 

Time before after 
after 15 

min 

after 30 

min 

after 45 

min 

after 60 

min 

intermittent 5.1 4.8 4.8 5.0 5.5 5.2 

continuous 4.2 4.2 4.7 4.2 4.3 4.9 

Pressure

= 1 bar 

Time before after 
after 15 

min 

after 30 

min 

after 45 

min 

after 60 

min 

intermittent 5.3 4.4 5.3 5.3 5.8 5.5 

continuous 4.4 4.7 4.6 4.6 4.3 4.8 

Pressure

= 2 bar 

Time before after 
after 15 

min 

after 30 

min 

after 45 

min 

after 60 

min 

intermittent 5.0 4.7 5.4 6.1 5.5 5.8 

continuous 4.6 4.3 4.9 4.3 4.8 4.4 

Pressure

= max 

Time before after 
after 15 

min 

after 30 

min 

after 45 

min 

after 60 

min 

intermittent 5.1 5.3 5.4 6.2 6.0 6.0 

continuous 4.5 4.8 5.2 4.7 4.8 5.3 

Table 10: Medians right sternocleidomast. muscle at six time-points and four different pressure values. 
Legend: before = before intervention; after, after 15, after 30, after 45 and after 60 = immediately after, 
after 15, 30, 45 and 60 minutes after intervention respectively. 

 

Friedmann test for the left cervical extensors (Table 11) showed for intermittent and 

continuous intervention significant differences at pressure = 0 bar (p = .029, Ӽ = 12.444 

and p = .020, Ӽ = 13.426 resp.). Pairwise comparisons found only for the continuous 

intervention between 'after' and 'after 15' minutes statistically significant values 

(p=.027). An increase of muscle activity was observed. 

 

 

 

 

 

 



Acute effects CS 

 

36 

 

Pressure 

= 0 bar 

Time before after 
after 15 

min 

after 30 

min 

after 45 

min 

after 60 

min 

intermittent 14.5 13.3 13.0 14.0 15.0 14.3 

continuous 13.2 12.0 13.0 12.6 13.7 13.0 

Pressure

= 1 bar 

Time before after 
after 15 

min 

after 30 

min 

after 45 

min 

after 60 

min 

intermittent 15.8 15.1 14.2 16.1 15.2 15.6 

continuous 14.1 14.0 13.7 14.8 14.3 13.2 

Pressure

= 2 bar 

Time before after 
after 15 

min 

after 30 

min 

after 45 

min 

after 60 

min 

intermittent 13.6 13.8 15.6 15.5 16.0 15.4 

continuous 14.7 13.6 13.5 14.1 13.9 13.6 

Pressure

= max 

Time before after 
after 15 

min 

after 30 

min 

after 45 

min 

after 60 

min 

intermittent 13.5 12.6 14.3 14.6 14.8 14.6 

continuous 15.2 12.7 12.8 13.4 12.6 13.1 

Table 11: Medians left cervical extensors at six time-points and four different pressure values. Legend: 
before = before intervention; after, after 15, after 30, after 45 and after 60 = immediately after, after 15, 30, 
45 and 60 minutes after intervention respectively. 

 

A significant increase of muscle activity was found for the right cervical extensors at 

pressure = 0 bar after continuous intervention between 'after' and 'after 15' (p=.005, 

with Friedmann overall test significant with p=.10, Ӽ=15.064) (table 12). At 1 bar, 

muscle activity increased significantly after intermittent intervention (p=.045, 

Ӽ=11.365). Between 'after' and 'after 60', the difference was significant with p=.065. 

 

 

 

 

 

 

 



Acute effects CS 

 

37 

 

Pressure 

= 0 bar 

Time before after 
after 15 

min 

after 30 

min 

after 45 

min 

after 60 

min 

intermittent 12.7 9.6 10.8 13.7 11.6 12.1 

continuous 12.5 11.7 12.2 11.2 11.9 11.7 

Pressure

= 1 bar 

Time before after 
after 15 

min 

after 30 

min 

after 45 

min 

after 60 

min 

intermittent 12.9 8.8 12.8 14.2 12.8 14.0 

continuous 11.9 11.6 13.3 11.7 10.3 10.8 

Pressure

= 2 bar 

Time before after 
after 15 

min 

after 30 

min 

after 45 

min 

after 60 

min 

intermittent 12.9 10.0 11.5 13.6 12.7 12.5 

continuous 12.3 11.0 13.1 12.3 13.1 12.1 

Pressure

= max 

Time before after 
after 15 

min 

after 30 

min 

after 45 

min 

after 60 

min 

intermittent 13.5 9.8 12.3 12.3 12.9 12.5 

continuous 13.3 11.2 12.9 11.7 11.8 12.3 

Table 12: Medians right cervical extensors at six time-points and four different pressure values. Legend: 
before = before intervention; after, after 15, after 30, after 45 and after 60 = immediately after, after 15, 30, 
45 and 60 minutes after intervention respectively. 

 

For all muscles, no statistically significantly differences were found for measurements 

at 2 bar pressure, neither for intermittent, nor for continuous intervention. 

4.3 Safety 

Only few and mild symptoms were reported as shown in figure 10, p 38. All 18 subjects 

filled out the qualitative questionnaire at four time-points for both continuous and 

intermittent intervention measurements. All symptoms were rated on an eleven-point 

scale with 0 = no symptoms at all and 10 = severe symptoms. 
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Figure 10: Number of subjects with symptoms on different time-points 

 

Figure 11: Severity of reported symptoms on different time-points 

 

The severity of the symptoms never exceeded point 4 on the scale (0-11) (Figure 11) 

Also pain assessment with the NRS showed no significant data. For both interventions, 

occurrence of pain was rare and had totally disappeared after 48 hours (figure 10 and 

11). During the intermittent traction intervention, two subjects experienced neck pain 

with an intensity of three on the NRS-scale. After intervention, pain disappeared within 

15 minutes in one subject and decreased to an intensity of one on the NRS-scale in the 

other subject within 60 minutes. During the continuous traction intervention, also two 

subjects complained of minor neck pain (two, respectively three on the NRS-scale). 15 
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minutes after intervention only one subject still had minor pain (score one) which 

disappeared totally in the next 15 minutes. One subject complained of neck pain with 

an intensity of two out of ten, which started 45 minutes after intervention. Within 48 

hours, all subjects were free of pain.   

4.4 Feasibility assessment 

 Questionnaire 

All 18 subjects filled out the feasibility questionnaire after the second intervention. Re-

sults are presented in table 14. On an eleven-point scale, the subjects rated color (0 = I 

do not like it at all, 10 = I like it very much), design (0 = I do not like it at all, 10 = I like it 

very much), wearing comfort (0 = not at all comfortable, 10 = very comfortable), weight 

(0 = very light, 10 = very heavy) and retail price (0 = inexpensive, 10 = very expensive). 

Opinions and evaluations of the CS were very diverse. It may be concluded that 

judgment of a device as the CS is very personal in following points: Color, design and 

wearing comfort. The weight of the CS has been perceived as light to medium-light (1-

5); the retail price has been regarded as rather high. 

 

 Color CS Design CS Wearing 

comfort CS 

Retail price 

CS 

Weight CS 

Median 6.0 5.0 3.5 8.0 3.0 

minimum 3 2 1 2 1 

maximum 9 7 9 10 5 

Quartile 25 4.75 3.0 2.0 7.0 2.0 

Quartile 50 6.0 5.0 3.5 8.0 3.0 

Quartile 75 8.0 6.0 7.0 9.25 4.0 

Table 13: Results feasibility questionnaire n = 18 

 

In general, most subjects were able to relax during traction intervention. However, sev-

eral points of discomfort were reported. The cradle was noted to pull uncomfortably and 

caused pressure on the occiput edge (n=4). Pressure on the temporo-mandibular joint, 

due to the chin pad was criticized (n=3), as well as pressure on throat and sternum 

(n=1) due to the chest pad. The capacity of the hand bulb pump was experienced as 

insufficient. One subjects considered the sitting position as uncomfortable.    
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 Observations of research team 

Several problems with the CS occurred during the measurements and had to be 

solved. A significantly loss of air in the pneumatic system was found, which especially 

influenced the continuous cervical traction. After twenty minutes, pressure was de-

creased by 80%. One of the air cushions has burst during traction, which was the rea-

son that two subjects had to be excluded, due to the fact that they used too high levels 

of pressure (> 7.5 bar). The air cushions also showed a wear and tear after a certain 

amount of use. The neck ring was supposed to snap in the recess of the neck support, 

but had not enough hold and snapped out of the recess during traction. Also the neck 

ring was not up to the loads of repeated tractions and broke after five measurements. 

Despite good setting and instruction, the position of neck flexion and forward head po-

sition was hard to achieve, because of insufficient possibilities to adjust the CS.  

Based on the feedback of the subjects and the experiences, made during the meas-

urements, in the Discussion section, several modifications are suggested for improve-

ment of the design. 

 Subjectively experienced cervical spine mobility 

A Friedman test was run to determine if there were any changes in subjectively experi-

enced mobility between the different time-points. Subjects evaluated any change in 

subjectively experienced cervical mobility after the intervention on a scale from -5 

(worse mobility) to 5 (better mobility). After both intermittent and continuous traction 

intervention, subjectively mobility increased significantly. Pairwise comparisons were 

made with a Bonferroni correction for multiple comparisons. Subjectively experienced 

mobility after intermittent traction intervention was statistically significantly increased 

between pre- and post-intervention (p = 0.071) and pre-intervention and one hour after 

intermittent intervention (p = 0.004). For continuous intervention, subjectively experi-

enced mobility increased significantly between pre-intervention and one hour after in-

tervention (p = 0.006). 

 

 

 

 

 

 



Acute effects CS 

 

41 

 

Mobility before int. 

intervention 

Mobility after int. 

intervention 

Mobility 1h after int. 

intervention 

Mobility 48h after 

int. intervention 

.00 1.00 2.00 .00 

 p = .071 p = .004  

Mobility before 

cont. intervention 

Mobility after cont. 

intervention 

Mobility 1h after 

cont. intervention 

Mobility 48h after 
cont. intervention 

.00 .00 2.00 .00 

 p = .560 p = .006  

Table 14: median subjectively experienced mobility after int. and cont. traction intervention 

 

 Subjectively experienced muscle tension 

Subjectively experienced muscle tension was not significantly decreased or increased 

after both intermittent and continuous cervical traction, tested with the Friedman test.  

 

Tension before int. 

intervention 

Tension after int. 

intervention 

Tension 1h after 

int. intervention 

Tension 48h after 

int. intervention 

.00 .00 .00 .00 

Tension before 

cont. intervention 

Tension after cont. 

intervention 

Tension 1h after 

cont. intervention 

Tension 48h after 

cont. intervention 

.00 .00 1.00 .00 

  p = .121  

Table 15: median subjectively experienced tension during int. and cont. traction intervention 

 

The subjects did not have a clear preference for either intermittent or continuous cervi-

cal traction. Ten rated intermittent traction as more comfortable, eight found continuous 

traction more pleasant. 
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5 DISCUSSION 

5.1 Stiffness 

The results of this study demonstrate that in asymptomatic subjects no statistically sig-

nificant change in stiffness after cervical traction, provided by the CS, was found. As to 

the authors' knowledge, no previous research in stiffness change in axial direction 

during and after traction has been made. Several methodological considerations need 

to be made. Research focused on changes of length, did find good results as described 

in Fater et al., (2008) in supine position, but not in sitting position. It seems that in the 

seated position, more traction force is needed to generate a separation of vertebral 

bodies, due to the gravity which exerts an axially directed force along the vertebral col-

umn. This might be one of the reasons of the poor results of the stiffness measure-

ments, although Judovich et al., (1952), as cited in Fater et al. (2008) did find an aver-

age separation between the inferior border of C2 and the superior border of C7 of 5 

mm during traction in a sitting position. Saunders (1999) recommended providing  

 

 

 

 

 

 

 

Figure 12: Inflated CS 

Cervical traction in a 15° neck flexion position, based on a review of the data from the 

study of Colachis & Strohm (1965). All studies used X-ray pictures to determine the 

separation of the intervertebral space. A neck flexion of 15° during cervical traction was 

aimed for each subject. Because of limitations in the adjustment of the CS, this goal 

was not achieved. Before traction, neck flexion was set on 15°, during traction, 

however, post-hoc analysis showed increasing extension of the cervical spine of 4.2° 

(SD: 4.2), 2.0° (SD 2.6) and 2.9° (SD: 3.3) at p max, 1 bar and 2 bar respectively. The 

extension of the cervical spine could not be prevented, due to the chin-support, which 

could not be better adjusted. The standardized neck flexion and forward head starting 

position was set by the same experienced and trained researcher to achieve a higher 

reliability.  
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A new instrument to identify length changes was used. However, the TrakSTAR™ was 

used for the first time to assess length change in cervical spine and therefore more 

research is needed concerning validity and reliability for this special setting. The 

placing of the TrakSTAR™-sensors proved to be challenging and especially the 

sensor, placed on C0, tended to move occasionally during movements of the subjects. 

Therefore an improvement of the setting for further studies is needed. 

Inter-tester reliability of identifying C7 was found to be poor (Robinson, Robinson, 

Bjørke, & Kvale, 2009). Also Billis, Foster, & Wright, 2003 reported poor to fairly inter-

tester reliability in identifying C5 although good repeatability within experienced physi-

otherapists was found. Again, to minimize the risk of error, the same experienced re-

searcher palpated C4 and C7 and applied all sensors on all subjects.  

Although the amount of muscle activity increase appeared to be too slight to be con-

tributed to the lack of change in stiffness, the poor results in change of stiffness could 

be due to increased tension of other soft tissues (fascia, connective tissue, ligaments) 

during cervical traction. It may also be that increased skinfold result in lower stiffness 

as reported by Lee, Steven, Crosbie, and Higgs (1998) for the lumbar spine. 

Also, differences in stiffness might be due to gender differences. Snodgrass, Rivett, 

Robertson, and Stojanovski (2008) measured cervical spine stiffness at C7 in postero-

anterior direction and reported greater stiffness in male subjects. In this study, only 4 

men participated and therefore, no statement can be made about gender differences. 

In future studies on this subject, it might be interesting to take gender differences in 

account. Snodgrass et al., (2008) reported also a positively association between stiff-

ness at C2 (again in posterior-anterior direction) and increasing age. This must be con-

sidered when studies with patients will be carried out. 

5.2 Muscle activity 

The question of whether changes in muscle activity occur during and after cervical 

traction with the CS could not be answered conclusively in this study. For all six 

muscles at the eight measuring points (Pressure at 0 bar, 1 bar, 2 bar and maximum 

bar for intermittent and continuous intervention), only 18 out of 720 pairwise 

comparison tests showed a statistically significant change of muscle activity. Most of 

these changes occurred between two time points after the intervention took place. Only 

twice, a significantly change in activity was found between 'before'- and 'after' 

intervention (for the left sternocleidomastoid muscle at 1 bar and at an individually 
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maximum pressure). Interestingly, these were also the only significant decreases of 

muscle activity. All other significant changes were in the direction of an increase in 

muscle activity. Although not at all time points significant, a tendency towards a 

decrease in muscle activity between the time points before intervention and 

immediately after intervention and a tendency towards an increase of muscle activity 

between immediately after intervention and later time points was seen.  

Previous research of Jette et al., (1985) found no statistically significant change of 

muscle activity of the upper trapezoid muscle by 12 subjects with diagnosed neck pain. 

However, slightly higher means were found 5 minutes after traction (mean before trac-

tion: 12.2 (SD 1.17), mean immediately after traction: 12.18 (SD 1.12), mean five 

minutes after traction: 12.89 (SD 1.72)). Murphy (1990) reported a substantial increase 

of muscle activity during and after intermittent cervical traction in both healthy and pain 

subjects. Additional research has to be done to confirm the results in other cervical 

traction settings. Increase in muscle activity after the intervention might be due to the 

long sitting position (1 hour), during which the subjects were attached to wires and ca-

bles. 

At two bar, no significant change of muscle activity was found. However, only 14 out of 

18 subjects reached a traction pressure of two bar and therefore, caution in taking 

conclusions out of these results should be exercised. It is also questionable, if the 

results at maximum pressure should be discussed. Because of the individuality of this 

measurement point with pressure ranged between 1.0 bar and 7.5 bar, restrictions in 

the interpretation must be made.  

Because of the population of healthy subjects in this study, a large change in muscle 

activity was not expected. Nevertheless, the results might be useful as comparatively 

values in future studies with neck patients.  

Problems in recording changes in myoelectric activity might be also due to the instru-

mentation or electrode placement. Muscle signal strength is sensitive to the exact loca-

tion of the electrodes in relation to the muscle motor point (Hilse et al., 2003). 

Especially, the results of the measurements of the activity of the cervical extensors are 

to be treated with caution. Crosstalk from adjacent and overlying muscles may be a 

factor of concern and pressure on the electrodes, due to the cradle of the CS might 

have also influenced the results of the measurements. Pressure on the electrodes, 

measuring the cervical extensors could also be an explanation for the extreme outliers, 

found in the cervical extensors. It has also to be considered that surface electrodes are 
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sensitive to the condition of the skin, the condition of tissues under the skin, state of 

hydration, stress, etc. (Hilse et al., 2003).   

Muscle activity and change of muscle activity during the traction intervention was not 

subject of this study. However, the data were collected and further research will be 

done on this theme. 

5.3 Safety 

Analysis of the NRS-questionnaire and symptoms questionnaire showed only mild and 

benign side-effects. Moreover, these effects disappeared completely within 48 hours 

after the intervention. The floor-effect in both questionnaires was desirable and ex-

pected. In previous studies, similar results with similar mild symptoms were reported 

(Cagnie et al., 2003) and in the review of Graham et al., 2011, side effects were only 

reported in the RCT of Klaber Moffet et al. (1990) in which two patients reported head-

aches following traction. During traction, the CS pulls with very slow velocity (due to the 

handpump) in distraction direction and any side-bending or rotary forces are avoided. 

Symptoms associated with the vertebro-basilar system are related to high velocity rota-

tion manipulations (Magarey et al., 2004), although occurrence is very rare and range 

from 1 in 20'000 (0.01%) to 5 in 10 million (0.0005%) (Gross et al., 2002). Nonetheless, 

all subjects were assessed for signs of symptoms of vertebral artery insufficiency prior 

to the measurements (Kerry & Taylor, 2006) and positive test-result led to exclusion 

from this study. The results of this study shows that cervical traction, performed with 

the CS and in the described setting (p.15-18), can be done safely on healthy subjects.  

5.4 Feasibility 

 Questionnaire 

From the data in table 14, page 39 it is apparent that the opinions and evaluations of 

the CS were very diverse. It may be concluded that judgment of a device as the CS is 

very personal in following points: Color, design and wearing comfort. The weight of the 

CS has been perceived as light to medium-light (1-5) and the retail price has been 

regarded as rather high. Comments on the questionnaire led to several 

recommendations for improvement of the CS. 

Insufficient hand bulb pump of the CS: to inflate the CS, the hand bulb pulp has to be 

squeezed. Per squeeze, the amount of inflating air is not sufficient and it takes long to 

get enough air in the cushions. Therefore, it comes to a hyperacidity of the muscles of 
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the forearm, especially by intermittent traction. A hand bulb pump with a larger capacity 

could provide a solution. 

The chin support can be infinitely varied lengthwise (0-10 cm) and locked in place as 

desired with a locking screw. Nevertheless, head forward position as desired (50°) was 

difficult to achieve and to maintain during traction. Another undesirable effect of the 

chin pull is that the force, applied to the chin/jaw tends to move the neck into extension. 

The chin support exacerbates the undesirable effect of the chin pull to move the neck 

into extension. An increase in upper/mid cervical extension is almost always undesira-

ble and produces rather a compression instead of traction. A two-dimensional adjust-

ment in both length and height might be an option in order to reduce this problem. 

Another point of objection was pressure on the temporo-mandibular joints (TMJ), due 

to the chin pull. Force is transmitted through the chin pad to the teeth and the temporo-

mandibular joints become weight bearing structures. This can cause an undesirable 

effect on the TMJs and therefore the CS cannot be recommended for patients with 

TMJ-problems.  

The chest pad can be adjusted through two different pads (2.5 cm and 5 cm). This 

turned out to be insufficient to achieve a neck flexion position as desired (15°). The 

possibility of making finer adjustments might be desirable. Therefore, pads in more 

different sizes (2, 3 and 4 cm) are recommendable. This can also reduce the pressure 

of the chest support on the throat due to non-matching chest pads. Pressure on the 

occiput by the collar could be reduced, using a softer padding.  

The sitting position has been perceived as troublesome by one subject. Research re-

veals that supine cervical traction is superior to sitting. Deets, et al., 1977, found 

compression or narrowing of the joint space with cervical traction applied in the sitting 

position. When the same force was applied in supine, separation was noted. The 

authors attributed the problem to muscle guarding and inability to relax during the 

seated treatment. Swezey et al. (1999), however, found in a retrospective study that a 

brief (3-5 min), over-the-door home cervical traction modality in a sitting position 

provided symptomatic relief in 81% of the patients with mild to moderately severe 

(Grade 3) cervical spondylosis syndromes. The CS is designed to apply traction force 

while the patient is in a seated position and therefore, all measurements were executed 

in this position to gain higher extern validity. It does not make sense to assess acute 

effects in another position as the position that is used in clinical practice. Advantages of 

the sitting position are the ability of the patient, to stay mobile and the possibility of 
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using the device in different positions. 

 Observations of research team 

The loss of air in the pneumatic system was severe and measurements had to be inter-

rupted. All connecting tubes were checked and made airtight with silicon paste and 

isolation tape. The relieve valve could not be replaced and therefore a second valve 

has been installed. After thorough inspection, measurements were continued. In order 

to ensure that the neck support stayed in the neck ring, a Velcro strap was attached on 

both parts. This proved to be a good solution. The neck ring had to be replaced after it 

was broken. In an overlook of the design, it might be necessary to consider different 

materials. 

Despite good setting and instruction, the position of neck flexion and forward head po-

sition was hard to achieve, because of the limited possibilities in adjusting the CS. Alt-

hough the Cervical Stretcher can be adjusted to match the patient's body shape in the 

areas of the head, neck and shoulders, it seems that this is not enough to achieve a 

proper fitting and a proper cervical traction. This could be a major contribution to the 

fact, that no statistically significant change of stiffness was found. Cervical traction also 

can become uncomfortable, and a poorly fitting device may exacerbate this. Further 

development of the device should take this in account.  

 Subjectively experienced cervical spine mobility 

Subjective feeling of increase of range of motion after cervical traction will be compared 

with the results of the objective ROM measurements in a separate paper. In several 

studies, traction intervention tended to produce a greater ROM in neck patients (Klaber 

Moffet et al., 1990; Zylbergold & Piper, 1985).  In this study, however, only healthy 

subjects with no reported cervical pain were assessed and therefore, it would not be 

surprising when no significant change in post-intervention cervical range of motion will 

be found. 
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 Subjectively experienced muscle tension  

The subjectively experienced muscle tension showed no statistically significantly 

change, neither in increase nor in decrease tension. Considering the healthy subjects, 

this finding is not unusual. All subjects were relaxed throughout the interventions and 

measurements and the subjects applied an individually maximum traction force without 

onset of pain or discomfort. Also the objectively measured muscle activity showed little 

to none changes during and after traction and measurements. Nevertheless, these re-

sults can be used as comparative data for future trials with symptomatic subjects. 

5.5 Further Limitations  

The results of this study are limited to measurements on asymptomatic subjects and 

therefore may not be applicable on symptomatic subjects in the clinical setting. Even 

more so as all subjects were experienced with cervical traction. This minimized the risk 

of potential harm, as experienced subjects might be able to give better judgments of 

potential harm of the interventions and measurements but selection bias could not be 

excluded. Also eventually socially desirable answers could not be ruled out. Therefore, 

further research is needed on inexperienced healthy subjects and symptomatic 

subjects after adjustments on device and methodology have been made. Furthermore, 

this study was performed in a sitting position and therefore, the results cannot be 

transferred to the supine position. 

The internal validity of cervical traction with the CS has not been tested. No ethical ap-

proval for x-rays was been given to investigate eventually separation of vertebral bod-

ies during cervical traction given by the CS. It might be evident that in a further step, 

assessment of internal validity must be pursued. 

Symptom- and feasibility questionnaires, used in this study, were self-constructed and 

therefore, it would be presumptuous to say that the questionnaires cover all possible 

symptoms and feasibility items. Also, reliability and validity of these questionnaires are 

not yet tested.  

The application of the TrakSTAR™ sensors was very challenging. The sensors, de-

tached to the cranium, C4 and C7 had to stay on the processes spinosii throughout 

motion. Displacement of the sensors was undesirable. In pre-trials, various methods 

have been tried and finally, this led to the method, described in the methodology sec-

tion. In further studies, this has to be discussed and eventually improved. 
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5.6 Future research 

Future studies with the CS should be conducted after improvement of the CS and im-

provement of methodology are made. Improvements of the device should lead to a 

more exact direction of the cervical traction direction to avoid shifts in extension during 

traction and to a more continuous inflation and therefore a more regular increase of 

pulling force. Placement of TrakSTAR™ sensors and EMG electrodes must be 

reconsidered, especially the sensor on the cranium and the EMG electrodes on the 

cervical extensors.  

Range of motion of flexion, rotation and lateral flexion, which were collected throughout 

all measurements, has to be evaluated. 

The validity of stiffness measurements during traction, using the Cervical Stretcher, 

must be assessed. Length changes measured by the TrakSTAR™ must be compared 

with length changes measured with X-ray images. 

Review of the evidence of effectiveness of cervical traction is very conflicting, also 

caused by heterogeneous patient groups (Graham et al., 2011). Therefore, a study on 

a homogeneous group would be obvious. Cai, et al., 2011 developed a clinical 

prediction rule to identify patients with neck pain who are likely to benefit from home-

based mechanical cervical traction. They identified a clinical prediction rule with four 

variables (Fear-Avoidance Beliefs Work subscale score < 13, pre-intervention pain 

intensity > 7/10, positive cervical distraction test and pain below shoulder). The 

intervention's success rate increased from 45.6% to over 80% when three out of four 

variables were positive. Also Swezey, Swezey, & Warner (1999) reported in a 

retrospective study on home-based mechanical cervical traction, very good results, 

especially for neck pain patients with radiculopathy. Therefore, future research should 

concentrate on patients with radiculopathy symptoms.  
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6 CONCLUSION 

In this pilot study, acute effects, safety and feasibility of the CS on distraction of the 

cervical spine were assessed. No significant change of stiffness at six time-points was 

found for both intermittent and continuous traction intervention. Muscle activity of the 

upper trapezoid muscles, the sternocleidomastoids and the cervical extensors was sig-

nificant changed on several time-points with a tendency to a decrease between the 

time-point before intervention and immediately after intervention and an increase be-

tween the time-point immediately after intervention and later time-points (15, 30, 45 

and 60 minutes after intervention). 

Interventions with the CS proved to be safe and only minor discomforts were reported. 

For further studies on a patient population, adjustments of the CS and a critical review 

of methodology are recommended.  
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13 APPENDIX 

13.1  Qualitative Questionnaire 

 

a. Fragebogen zu den Symptomen nach Intervention mit dem Cervical 

Stretcher  

 
Vpn.Code: ____________________________   

 

 

Messzeitpunkte: 

 Unmittelbar vor der ersten Traktionsintervention   : □ 

 Unmittelbar nach der gesamten Traktionsintervention : □ 

 Eine Stunde nach der Traktionsintervention   : □ 

 Achtundvierzig Stunden nach der Traktionsintervention : □ 

 

Haben Sie jetzt in diesem Moment eines der folgenden Symptome und wie stark 

ist dieses ausgeprägt? 

Nackenschmerzen  
Keine      sehr starke 

    □  □  □  □  □  □  □  □  □  □  □ 
Schmerzen      Schmerzen 

 
Nackensteifigkeit 

Keine      sehr starke 
    □  □  □  □  □  □  □  □  □  □  □ 

Steifigkeit      Steifigkeit 
 

Nackenziehen 

Kein       sehr starke 
    □  □  □  □  □  □  □  □  □  □  □ 

ziehen      ziehen 
 

Schmerzen zwischen den Schulterblätter 

Keine      sehr starke 
    □  □  □  □  □  □  □  □  □  □  □ 

Schmerzen      Schmerzen 
 

Schmerzen in den Schultern 

Keine      sehr starke 
    □  □  □  □  □  □  □  □  □  □  □ 

Schmerzen      Schmerzen 
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Schmerzen in den Armen 

Keine      sehr starke 
    □  □  □  □  □  □  □  □  □  □  □ 

Schmerzen      Schmerzen 
 

 

 

Schmerzen in den Händen 

Keine      sehr starke 
    □  □  □  □  □  □  □  □  □  □  □ 

Schmerzen      Schmerzen 
 

 

Schwäche in den Armen 

Keine      Komplette 
    □  □  □  □  □  □  □  □  □  □  □ 

Schwäche      Schwäche 
 

Schwäche in den Händen 

Keine      Komplette 
    □  □  □  □  □  □  □  □  □  □  □ 

Schwäche      Schwäche 
 

 

Schwäche in den Beine 

Keine      Komplette 
    □  □  □  □  □  □  □  □  □  □  □ 

Schwäche      Schwäche 
 

Kopfschmerzen 

Keine      sehr starke 
    □  □  □  □  □  □  □  □  □  □  □ 

Schmerzen      Schmerzen 

Welches Gebiet?    Bitte einzeichnen 

 

 

Balance- 

störung    Keine      □  □  □  □  □  □  □  □  □  □  □  sehr stark 
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Schwindel    Keine      Sehr starke 

     □  □  □  □  □  □  □  □  □  □  □ 
Schwindel      Schwindel   

 

Keine      Sehr stark 
 

Übelkeit         □  □  □  □  □  □  □  □  □  □  □ 
Übelkeit      Übelkeit  
 

 

Keine      Sehr starke 
Müdigkeit         □  □  □  □  □  □  □  □  □  □  □ 

Müdigkeit      Müdigkeit  
 

Ohrensausen/Ohrenpfeiffen 

Kein       Sehr starkes 
        □  □  □  □  □  □  □  □  □  □  □ 

Ohrensausen    Ohrensausen 
 

           
Sehstörungen   keine        □  □  □  □  □  □  □  □  □  □  □ Sehr starke 
 

Desorientierung/Verwirrtheit 

Keine       Sehr starke 
         □  □  □  □  □  □  □  □  □  □  □ 

Verwirrtheit       Verwirrtheit 
 

Schwarz vor den Augen 

Gar nicht      □  □  □  □  □  □  □  □  □  □  □   Sehr stark 
 

 

Schluckstörungen 

Gar nicht       □  □  □  □  □  □  □  □  □  □  □   Sehr stark 
 

 

Lokale Schmerzen oder Unbehagen von den Druckpunkten/Auflagepunkten des 

Cervical Stretchers 

  Gar nicht       □  □  □  □  □  □  □  □  □  □  □    Sehr stark 

 

Wenn ja: Wo?                 Intensität (0-10) 

---------------------------------------------------------------------------------------

---------------------------------------------------------------------------------------

---------------------------------------------------------------------------------------
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---------------------------------------------------------------------------------------

--------------------------------------------------------------------------------------- 

 

Andere Symptome, welche hier oben nicht gefragt wurde? 

Was? (wenn möglich mit Lokalisation)  Intensität (0-10) 

   

  --------------------------------------------------------------------------------------- 

--------------------------------------------------------------------------------------- 

--------------------------------------------------------------------------------------- 

--------------------------------------------------------------------------------------- 

  --------------------------------------------------------------------------------------- 

 
 

Wie empfinden Sie ihr Spannungsgefühl in der Halsmuskulatur jetzt im 
Moment?        

    Kein           □  □  □  □  □  □  □  □  □  □  □    Sehr starkes  
   Spannungsgefühl          Spannungsgefühl                             
                
      

 □ Wie unmittelbar vorher = 0 

 □ Besser als unmittelbar vorher > 0 bis +5 
 □ Schlechter als unmittelbar vorher < 0 bis -5 

 
 

Wie empfinden Sie ihre Beweglichkeit der Halswirbelsäule jetzt in diesem 
Moment? 

□ Wie unmittelbar vorher = 0 
□ Besser als unmittelbar vorher > 0 bis +5 

□ Schlechter als unmittelbar vorher < 0 bis -5 
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b. Fragebogen zur Anwendbarkeit des Cervical Stretchers 
 

 
Wie beurteilen Sie den Cervical Stretcher™  bezüglich: 

 
 
 

Farbe       gefällt mir    □  □  □  □  □  □  □  □  □  □  □ gefällt mir 
sehr 
   überhaupt nicht 
 
Gerätedesign       gefällt mir  □  □  □  □  □  □  □  □  □  □  □ gefällt mir 
sehr 
   überhaupt nicht 

 
   nicht sehr     sehr 

Tragekomfort          □  □  □  □  □  □  □  □  □  □  □   
   angenehm     angenehm 
 
 
Preis    preiswert          □  □  □  □  □  □  □  □  □  □  □ sehr teuer 
(ca. CHF. 1'200,--)   

 
Gewicht   sehr leicht       □  □  □  □  □  □  □  □  □  □  □ sehr (zu) 
schwer 
 
 

Weitere, für Sie wichtige, Beurteilungspunkte: (0 -10) 

___1.___________________________________________________________ 

___2.___________________________________________________________ 

___3.___________________________________________________________ 

___4.___________________________________________________________ 

___5.___________________________________________________________ 

___6.___________________________________________________________ 

___7.___________________________________________________________ 

 

Was haben sie als angenehmer empfunden, kontinuierlicher oder 

intermittierender Traktion? 

 

□  kontinuierlich      □ intermittierend
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13.2    Overview treatment parameters 

 

n.s.= not significant, (s)= significant, Cont.= Continuous,  Int.= Intermittent, Man.= Manual, incr.= increase time, decr.= Decrease time, ?= missing data  

Author Int./Cont.

/Man. 

Intensity Time Sit/Supin

e 

Neck 

Flexion 

Cycle Rest i

n

c

r

. 

Hold  d

e

c

r

. 

Frequency Total Conclusion 

Akinbo et 

al., 2006 * 

? 7,5 – 10 – 

15% BW 

 ? ?        10% best efficacy least side 

effects in spondylosis 

Borman et 

al., 2008 

Cont./int. 20% BW 10-20 Sit ? ? ?  ?  5x/week 2 weeks Added Traction not better 

than standard PT in non-

specific neck pain 

Brewerton 

et al., 

1966 cited 

in 

Graham 

et al., 

2011 

Cont. 1,5 – 2,5 kg 20 min Sit ?      ? 4 weeks RCT: n.s. on pain in 

radiculopathy 

Browder 

et al., 

2004  

int. 7-11 kg 15-20 

min 

supine 24° ? Force ratio 

3:1 

 ?  9 sessions 

(2-12) 

26 days (14-

146) 

Thoracic manip. and traction 

beneficial in myelopathy 

Cai et al., 

2011 

Cont. 15% BW 20 min Sit ?      daily 2 weeks Prediction rule to ¾ 80%  
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Chien-

tsung et 

al., 2011 

Cont. 10% 

20% 

30% 

20 min Sit 20-30        30% increase blood 

pressure and heart rate in 

healthy young women < 30 

Chung et 

al., 2009 

Cont. 25% 5 Sit 0° or 20°      After 3 days 

reassessme

nt 

 Anterior lean better than 

axial  in asymptomatic 

subjects 

Cleland et 

al. 2005 

Int. 8.2 kg 

increasing 

0.5-0.9 per 

session 

dep. on 

response 

15 ? 25° 40 10 (5,4 kg)  30   7.1 Sessions 

(range, 6-10; 

SD, 

1.5) 

Case series: Radiculopathy:  

91% better after 6 months 

follow up using 4 

interventions 

 

Constanto

yannis et 

al., 2001 

Int. 5 pounds 

(2.3 kg) 

6-8 

hours 

Sit ? 60 

min. 

15. min  45 

min. 

 daily 3 weeks Case Series: (n=4) large 

herniated discs: complete 

symptom resolution within 3 

weeks. 

Elnaggar 

et al., 

2007 

Cont./Int. 12 kg 20 Supine 25° 45 15 

(4,5 kg) 

 30  3x/week Total 12 

Sessions 

Int. more effective in 

radiculopathy.  (3 tests) 

Fater et 

al., 2008 

Cont. 13,6 kg 5 Sit 

Supine 

15°       2 Sessions 

(sit and 

supine) 

Supine superior regarding 

post separation in 

asymptomatic volunteers 

Goldie & 

landquist 

1970; 

cited in 

Graham 

Int. 25-40 lbs. 

(11.3- 18.1 

kg) 

20 ? ? 16 8  8   10 x in 3 

weeks 

quasi-RCT: Int. slightly 

better concerning pain in 

neck patients  

Guanygue cont. 1.5-2.5 kg 30-60 Sit ?      1-3x/day  10 days RCT: n.s. on pain in neck 
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, 2001; 

cited in 

Graham 

disorder with or without 

radicular symptoms 

Huang et 

al., 2009 

cont. 8-12 kg 15 Sit ?      daily 10 days Vertebro-arterial 

spondylosis:  

Total effectivity 86, 7% (s.) 

(contrast to manipulation) 

Jette et 

al., 1985 

Int. 8% BW 5 supine ? 14 7  7   1 session n.s. muscle activity changes 

in neck pain before, during 

and after traction  

Jogataei 

et al., 

2004 

 30 lb. (13.6 

kg) 

20 supine 24 12 7  5  3x/week 10 sessions RCT: increased grip strength 

both groups (exercise 

Electrotherapy) favoring 

greater change in  + traction 

group in C7 radiculopathy 

Klaber 

Moffet, et 

al., 1990 

Cont. 6-15 

pounds 

(2.7- 6.8 

kg) 

? supine 25°      3x/week 12 Sessions : 

4 weeks 

Reduction EMG both 

placebo and weighted in 

neck and arm pain subjects 

Kogstad 

et al., 

1978  in 

Graham  

int. 15 15 ? ? 16 8  8    Subacute and chronic neck 

disorders with or without rad. 

symptoms. No significant 

effects traction versus 

placebo. 

Kruse et 

al., 2001 

int. ? ? supine ? 15° 

Lateral 

Flexion 

   4 ( 5x)   3x/week – 1 

x week 

2 weeks – 6 

months Total 

24  

One case: Flexion 

distraction: effective in disc 

herniation 

Moeti, Int. 18 or 30 15-20 supine ? 24 or 6 or 10  18 or   Range 3-23 Better results when 
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Marchetti, 

2001 

Guideline

s Erhard 

1996 

lbs. (8.2 or 

13.6 kg)  

40  30 Session Radiculopathy < 12 weeks 

Murphy 

1991 

Int. 30 pounds 

(13.6 kg) 

10 supine 24° 20 10  10    No relaxation in EMG during 

traction in healthy and in 

neck pain patients 

Myśliwiec 

et al., 

2011 

? ? ? supine 15-25        Increase in painless hand 

grip only in traction group 

(compared to only TENS 

and combination) in 

radiculopathy 

Olivero et 

al., 2002 

Cont. 8-12 

pounds 

3.6 – 5.4 kg 

15 min Sit ?      3x/day 3-6 weeks 78% significant or total pain 

relief in radiculopathy 

Raney et 

al., 2009 

Int. 23.2 lbs. ± 

5.6 lbs. 

(range 12–

38 )  

10.5  kg ± 

2,5 kg 

(range 5.4 

– 17.2 kg 

15 supine 24°or 15° 

(no full 

flexion) 

80 20 (50% of 

traction 

Force) 

 60  2-3/week 6 Rx CPR Benefit traction and 

exercise: 94.8% when 4/5 

Shakoor 

et al., 

2002 cited 

in 

Graham 

cont. 15% 30  ? 15°        RCT: Nearly significant on  

pain  in spondylosis 

Shealy et cont. 8 psi 20 ? ?      3-5x/week 4-5 weeks clinical and radiographic 
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al., 2007 improvement 

in most individuals with 

spondylosis 

Souza et 

al., 2008 

cont. manual 2 supine ?        Manual traction separation is 

sign.in healthy persons 

Swezey et 

al.,1999 

cont. ? 5 sit ?      2x5/day  85 % better retrospective 

Whiplash I-III 

Todd 

Vaughn et 

al. 2006 

cont. 11,34 kg 2 ? 0° or 30°        Anterior vertebral space > in 

0° flexion in healthy persons 

Waldrop 

et al., 

2006 

Int. 8.2 to 13 kg 15 supine 15°-24° 30 10  20  10 visits (5-

18) 

33 days (19-

55) 

CPR case Series 6 person’s 

combination mobilization 

and exercise traction in 

radiculopathy. All but one 

significant better 

Wong et 

al.  1992 

Int. 13.5 kg 20 supine 30° - 0° - 

-15° 

14 8  6   3 times (rest 

24-48 hours) 

0° and 30° ant. and post. 

Separation increased. Not in 

-15° (decrease posterior 

separation) 

Wong et 

al., 1997; 

cited in 

Graham 

Int. Self-

adjusted 

20 ? ? 15 10  5  3x/week 7 weeks RCT: n.s. in EMG 

measurements in healthy 

and  in radiculopathy 

Young et 

al., 2009 

Int. 9.1 (10%) 

to 15.9 kg 

increasing 

15 supine ? 60 10  50  2x/week 4.2 Weeks No additional effect cervical 

traction in cervical 

Radiculopathy compared to 

exercise and manual therapy  

Zylbergol Cont. / 25 pound 15 supine 25°      2x/day 6 weeks Rom int./cont. better (s), 
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d, and 

Piper, 

1988 

Int./ 

Manual 

11.3 kg  20 

20 

pulls 

10 10 Pain int. better (s)  in 

radiculopathy (majority disc 

disease) 

 

 

 

 

 

 

 

 

 



Acute effects CS 

 

75 

 

13.3  Patient Information Sheet 

 

Probandinnen- und Probandeninformation 

 

Studienarbeitstitel 

Sicherheit, Anwendbarkeit, akute Effekte und deren Aussagekraft bei zervikaler 

Traktion – Eine Pilotstudie. 

 

Sehr geehrte Probandin, sehr geehrter Proband 

 

1 Auswahl der Probanden 

Diese Studie prüft die Sicherheit, Anwendbarkeit, akute Effekte und deren 

Aussagekraft bei sanfter Streckung der Halswirbelsäule. Die Streckung wird mittels 

Cervical Stretcher, ein von Swiss-medic zugelassenes Medizinprodukt, durchgeführt. 

Siehe Abb. 1. Sie wurden für diese Studie angefragt, weil sie die Anforderungen, 

anamnestisch gesund und ohne akute Kopf-/Hals-/Nacken-/Schulter-/ und 

Wirbelsäulenbeschwerden zu sein, erfüllen.  

 

 

 

.  

a. Schulterstütze 

b. Nackenstütze.  

c. Bruststütze  

d. Kinnstütze  

e. Handpumpe.  

f. Luftkissen  

 

Abb. 1: Cervical Stretcher (CuraCeres GmbH, Alpnach Dorf, Switzerland) 

 

2 Ziel der Studie 

Die Studie hat folgende Fragestellungen oder Ziele: 

 Wie ist die Sicherheit der Traktionsanwendung und werden irgendwelche 

Reaktionen bezüglich Schmerzen oder andere unerwünschte Reaktionen bei 
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verschiedenen Traktionsmethoden (kontinuierlich und intermittierend) 

hervorgerufen? 

 Wie ist die Anwendbarkeit und Applikation bei verschiedene Traktionsmethoden 

(kontinuierlich und intermittierend) und welche Verbesserungsvorschläge zur 

optimalen Anwendung können gemacht werden? 

 Wie verändert die Ruhe-Dehnungs-Spannung (passiver Tonus) der 

Halswirbelsäule durch verschiedene Traktionsmethoden (kontinuierlich und 

intermittierend) und sind diese Messungen zuverlässig? 

 Wie verändert die Muskelaktivität der Halsmuskeln (aktiver Tonus) durch die 

verschiedene Traktionsmethoden (kontinuierlich und intermittierend) und sind 

diese Messungen zuverlässig? (Die Muskelaktivität dreier Muskeln wird mittels 

Elektromyografie gemessen). 

 

Die Ergebnisse dieser Studie dienen der physiotherapeutischen Praxis als 

Richtlinien für die Anwendung der Nackentraktion beim Patienten und zur 

Optimierung des ergonomischen Designs des Cervical Stretchers. Die Erkenntnisse 

dieser Studie fliessen in den Vorbereitungen allfälligen Studien an Patienten ein. 

 

3 Allgemeine Informationen zur klinischen Studie 

Diese Studie dauert bis Ende Juni 2013 und wird mit 20 Probandinnen und Probanden 

durchgeführt. Sie entspricht internationalen anerkannten Grundsätze der 

medizinischen Forschung und liefert Informationen über die Sicherheit, Anwendbarkeit, 

akute Effekte und deren Aussagekraft der zervikalen Traktion.  

 

4 Freiwilligkeit der Teilnahme 

Ihre Teilnahme an dieser Studie ist freiwillig. Sie können Ihre Einwilligung zur 

Teilnahme an dieser Studie jederzeit zurückziehen, ohne Angabe von Gründen. Im 

Falle eines Widerrufes werden die bis zu diesem Zeitpunkt erhobenen Daten weiter 

verwendet. Wenn Sie ihre Einwilligung widerrufen, werden Sie zu ihrer Sicherheit 

abschliessend therapeutisch-medizinisch untersucht. 

 

5 Studienablauf 

Diese Studie ist eine experimentelle Pilotstudie zur Untersuchung der Sicherheit, 

Anwendbarkeit, akute Effekte und deren Aussagekraft bei zervikaler Traktion. Die 

Messungen werden voraussichtlich vom Oktober 2012 bis März  2012 durchgeführt. 

Für Sie als Probandin/Proband gibt es zwei Messungen an zwei verschiedenen Tagen. 
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Es wird sowohl eine intermittierende als auch eine kontinuierliche Traktion mittels 

Cervical Stretcher ausgeführt. Die Traktionsphase der intermittierenden Anwendung 

dauert, nach der Aufpumpphase von 15 Sekunden, dreissig Sekunden, danach folgen 

12 Sekunden Pause. Dieser Zyklus wird zwanzig Mal durchgeführt 

(Gesamtanwendungszeit 20 Minuten). Die kontinuierliche Traktionsdauer beträgt 

zwanzig Minuten. Vor der effektiven Messungen wird der Cervical Stretcher dreimal bis 

zur individuell erträglichen Traktionsintensität aufgepumpt und sofort wieder 

abgepumpt, damit Sie die, für Sie erträgliche Traktionsintensität, bestimmen können. 

Die Traktionsanwendungen und Messungen werden im Sitzen durchgeführt. Vor, 

während und nach der Traktionsanwendung werden  Messungen mit verschiedenen 

Instrumenten gleichzeitig aufgezeichnet (Abbildung 2). Mit einem Fragebogen werden 

eventuelle Symptome und Schmerzen, die Sicherheit und die Anwendbarkeit erfragt. 

Diese Messungen werden nach 15, 30, 45 und 60 Minuten wiederholt. Insgesamt 

beträgt die Zeitaufwand pro Messung für Sie ca. 2 Stunden  

 

 

Abb. 2: Proband bereit für die Messung  

 

6  Nutzen für die Probandinnen und Probanden 

Die Teilnahme an dieser klinischen Studie bringt Ihnen persönlich keinen Nutzen. Ihre 

Studienteilnahme ermöglicht es, zervikaler Traktion mittels ein neu entwickeltes "low-

Tec" Traktionsgerät auf Sicherheit, Anwendung, akute Effekte und deren Aussagekraft, 

zu testen.  

 

7  Risiken und Unannehmlichkeiten 

Der Cervical Stretcher hat bereits eine Zulassung bei der Swissmedic und wurde 2010 

von der Swissmedic zum Verkauf in der Schweiz und der EU zugelassen. Erste 

Anwendungen und Erfahrungen mit dem Cervical Stretcher erweisen sich aus 
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therapeutischer und ärztlicher Sicht soweit als unbedenklich und weitgehend effektiv 

(Dr. med. Wallimann, FMH Innere Medizin, Nottwil und Andrea Britschgi, dipl. 

Physiotherapeutin, Zug). 

 

8  Vertraulichkeit der Daten 

In dieser Studie werden ihre persönlichen Daten erfasst. Diese Daten werden 

anonymisiert. Sie sind nur Fachleuten zur wissenschaftlichen Auswertung zugänglich. 

Die zuständige Ethikkommission kann Einsicht in die Originaldaten nehmen. Die 

Vertraulichkeit wird während der ganzen Studie und bei den erwähnten Kontrollen strikt 

gewährt. Ihr Name wird in keiner Weise in Rapporten oder Publikationen, die aus 

dieser Studie hervorgehen, veröffentlicht. 

 

9  Kosten 

Die in der Information erwähnten Untersuchungen sind für Sie kostenlos.  

 

10 Unfreiwilliger Studienabbruch 

Ihre Teilnahme kann durch die Prüfer abgebrochen werden. Folgende Gründe können 

dazu führen:  

 Akute Schmerzen im Kiefergelenk oder Zahnschmerzen 

 Wenn Sie im Sinne der Traktion mittels Cervical Stretcher nicht akut und 

beschwerdefrei belastbar sind. 

11 Deckung von Schäden 

Die Berner Fachhochschule, als studienverantwortliche Institution, ersetzt Ihnen 

Schäden, die Sie gegebenenfalls im Rahmen des klinischen Versuchs erleiden. Zu 

diesem Zweck hat die Berner Fachhochschule Fachbereich Gesundheit zu Ihren 

Gunsten eine Versicherung bei der Basler Versicherung abgeschlossen. Stellen Sie 

während oder nach dem klinischen Versuch gesundheitliche Probleme oder andere 

Schäden fest, so wenden Sie sich bitte an den verantwortlichen Prüfer (Jacques und 

Helga Habers). Sie werden für Sie die notwendigen Schritte einleiten. 

 

12 Kontaktpersonen 

Bei Unklarheiten, Notfällen, unerwarteten oder unerwünschten Ereignissen, die 

während der Studie oder nach deren Abschluss auftreten, können Sie sich an die 

unterstehenden Kontaktpersonen wenden: 
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Prüfer: 

Helga und Jacques Habers 

Obere Rütte 8 

3323 Bäriswil 

T: 031 859 72 16 

E-Mail: hjhabers@sunrise.ch 

Studienleitung: 

Prof. Dr. Lorenz Radlinger 

Leiter aF&E Physiotherapie 

Berner Fachhochschule, Fachbereich Gesundheit 

Murtenstrasse 10 

3008 Bern 

T: 031 848 35 67 

E-Mail: lorenz.radlinger@bfh.ch 

27.08.2012 
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13.4   Ethical Approval 
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