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1 ABSTRACT 

Objectives: (1) To assess the intra-session and inter-session test-retest reliability 

(IaSTRR, IrSTRR) and feasibility of normalized surface electromyography (sEMG) in % 

of maximally voluntary isometric contraction (MVIC%) of the upper trapezoid muscle 

(UTM), the sternocleidomastoid muscles (SCM) and the cervical extensors (CEM) at 

rest and during cervical traction (CT) at a pressure (p) of 1 and 2 bar. (2) To assess 

IaSTRR and IrSTRR and feasibility of stiffness (k) - measurements of the cervical spine 

by TrakSTAR™ and instrumented Cervical Stretcher (CS) during CT at 1 and 2 bar, to 

guide the planning of a large-scale investigation in symptomatic subjects. 

Research design: Observational, cross sectional pilot study with repeated measures (2 

days, 6 trails, 3 repetitions).  

Methods: Eighteen healthy subjects completed three CT’s with the Cervical Stretcher 

(CS) at 6 different time points. sEMG assessed muscle activity (MA) and both 

TrakSTAR™ and iCS assessed k-measurements at 0, 1 and 2 bar. The tests were 

repeated one week later. Mean, SD ANOVA, ICC2,1, standard error of measurement 

(SEM), and minimal detecTable difference (MDD) were calculated for IaSTTR and 

IrSTRR. For single ICC interpretation criteria of Shrout and Fleiss (1979), for Fisher z 

transformed means ICC interpretation criteria of Currier (1990) were used. 

Main results: All single ICC’s of normalized sEMG during IaSTRR ranged between 0.07 

and 0.99. ICC means ranged 0.61 – 0.92. Single ICC’s of IaSTRR of k measurements 

ranged 0.23 - 0.85. ICC means ranged 0.51(95%CI: 0.43 - 0.60) - 0.62 (95%CI: 0.53 - 

0.70). ICC’s of IrSTRR of sEMG varied -0.23 to 0.92. ICC means varied -0.07 (95%CI: 

-0.10 - -0.04) to 0.86 (0.73 - 0.99).  

Conclusion: IaSTRR showed poor to excellent reliability results for MA measurement 

indicating feasibility. k- Measurements showed poor reliability and feasibility. IrSTTR 

showed poor feasibility for SCM-l at all p-levels, UTM-r at 0 and 1 bar and CEM-l at 2 

bar. All other IrSTTR MA measurements and k- measurements were poor to not 

reliable and therefore not feasible. IrSTRR improved by using trial means, resulting in 

changed feasibility for UTM-r at 2 bar, and SCM-r at 1 bar and SCM-l at 0 bar. Over-

generalization of interpretations of the results associated with the multiplicity of 

analyses and outcomes presented in this study must be considered. 
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2 INTRODUCTION AND BACKGROUND 

Neck pain is one of the most common pathological conditions leading to a chronic con-

dition worldwide (Vos et al., 2012). Neck pain affects about 330 million people globally 

(4.9% of the population) (Vos et al., 2012). A survey of the Swiss Rheumaliga in 2011 

shows that 30.2% woman and 16% men suffer very frequently of neck pain (Gerfin, 

2011). A systematic review of Fejer, Kyvik, & Hartvigsen (2005) calculated the point-, 

week-, month-, 6 months-, one year and lifetime prevalence of neck pain in the world 

population. The estimates were 7.6 %, 12.5%, 29%, 37.2% and 48.5 % respectively in 

adult population. Women report more neck pain than men (5.77% and 3.89% respec-

tively ) (Vos et al., 2012), children report less neck pain than adults (with exception for 

the 6 months prevalence rate) and studies in elderly people report more neck pain 

point prevalence, however the 1-year prevalence rate was lower than in adult popula-

tions (Fejer, Kyvik, & Hartvigsen, 2005). In the same systematic review the authors 

found no pattern of change in prevalence of neck pain over time for the period of 1980 

till 2002. The incidence of neck pain however may be increasing (Nygren, Berglund, & 

von Koch, 1995; as cited in Manchikanti, Singh, Datta, Cohen, & Hirsch, 2009). 

The economic burden of neck pain does not only include treatment costs but also indi-

rect expense like lost wages and compensation expenditures. The total cost of neck 

pain in the Netherlands in 1996 was estimated to be US $ 686 million, representing 

about 1% of total health care expenditures and 0.1% of the Gross National Product 

(GNP) (Borghouts, Koes, Vondeling, & Bouter, 1999). Hansson & Hansson (2005) 

found that total costs for all back- and neck problems come to 3.3 billion euros or 1.3% 

of GNP. In Switzerland, absence of work due to back pain causes 10 million lost work-

days a year in the working population. Total costs are estimated to over 1 billion Swiss 

Francs for all back and neck pain (Gerfin, 2011).  

Guidelines concerning the conservative 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). However, its effectiveness is still inconclusive or limited (Childs, Fritz, Piva, and 

Whitman, 2004; Childs et al., 2008; Gross et al., 2002; Hoving et al., 2001). Graham et 

al. (2008) reviewed the current literature concerning mechanical cervical traction and 

neck pain with or without radiculopathy until 2008 and did not support or refute the use 

of either continuous or intermittent traction for neck disorders.  
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Beneficial results after cervical traction treatment may be due to reduction of disc de-

rangement (Konstantinou, Kourtopoulos, & Papadakis, 2002), muscle relaxation 

(Deets, Hands, & Hopp, 1977), increased diameter of the intervertebral foramina re-

ducing compression of nerve roots and alleviating pain by increasing activity of 

mechanosensors, reducing pain transmission at the spinal cord level (Jackson, 2010; 

Moffett, Hughes, & Griffiths, 1990). 

The exact mechanisms for pain relief and function recovery are still controversial. The 

biomechanical effect of cervical traction, which generally is seen, is an increase of 

intervertebral disc spaces (Chung et al., 2009). A long term cervical traction can 

separate the intervertebral disc spaces and can induce signs of disc tissue recovery 

(Kroeber, Unglaub, and Wang, 2002). For a better understanding of possible 

therapeutic mechanisms Chung et al. (2009) recommend investigation of changes of 

spinal structures.  

Several studies, evaluating the validity of cervical traction, focus on vertebral separa-

tion. Judovich (1952) cited in Fater & Kernozek (2008) applied prolonged cervical trac-

tion to seven subjects exhibiting symptoms of discogenic injury. Traction was applied in 

a seated position using incremental forces from 2.3 to 20.5 kg while taking lateral radi-

ographs of the cervical spine at each level of force. Earliest change in cervical vertebral 

separation between the inferior border of C2 and the superior border of C7 occur with a 

traction force of 11.4 kg and change in length of the cervical spine during traction range 

from 3 mm to 14 mm with an average of nearly 5-mm separation. Fater et al. (2008) 

investigated the difference in vertebral separation before and after cervical traction in 

seated and supine positions in asymptomatic volunteers. A prolonged mechanical trac-

tion of 5 minutes with a force of 13.6 kg in 15 degrees of neck flexion was performed. 

Cervical traction in supine position increases the posterior cervical separation between 

C2 and C7 significantly by 3.9 mm (a 4.6% change) (p<0.001). No significant changes 

occur in anterior vertebral separation after either supine or seated traction positions 

(p<0.769). 

So far no techniques other than radiography were performed to evaluate length 

changes during cervical traction in the cervical spine. No in vivo attempts have been 

made to explore the relationship between length changes and traction force (stiffness) 

during traction and short term reliability of measurements. Although muscle relaxation 

is considered as one of the beneficial results after traction (Deets et al., 1977) compar-

atively few studies investigated the effect of cervical traction on electrical muscle activ-

ity (DeLacerda, 1980, as cited in Jette, Falkel, & Trombly, 1985; Jette, Falkel, & 



Reliability cervical traction 

6 

Trombly, 1985; Murphy, 1991; Pan et al., 2012; Wong, Lee, Chang, and Tang, 1997). 

Previous myoelectric activity research has been limited to the upper trapezoid muscle, 

middle scalene muscle, right sternocleidomastoid muscle and the right posterior neck 

surface. 

Delacerda (1980) as cited in Jette et al. (1985) assessed the effect of the angle of the 

cervical traction pull on the electrical activity of the upper trapezoid muscle in seven 

female asymptomatic subjects during intermittent cervical traction. Statistical analysis 

revealed that a positive relationship existed between an increase in angle of pull and 

muscle activity. Jette et al. (1985) compared the myoelectric activity of the upper 

trapezoid in twelve symptomatic subjects muscle before, during and after intermittent, 

supine cervical traction. The subjects were treated with 20 minutes of intermittent, 

cervical traction at a force of 8% of their body weight. No significant differences in 

myoelectric activity were found at the different time periods. Wong et al. (1997) found 

no statistical difference between symptomatic groups with a diagnosis of radiculopathy 

(RCT, 24 participants) when intermittent traction was compared to an adaptive 

intermittent traction modality with EMG-Biofeedback (RR: 1.12:95% CI: 0.67 to 1.89). 

However they reported significant decrease in EMG activity during the whole traction 

phase, especially at pull phases during an intermittent traction sessions in healthy 

subjects (Wong et al., 1997). Murphy (1991) assessed the myoelectric effect of middle 

scalene muscles before, during and after intermittent supine mechanical cervical 

traction in six asymptomatic and six symptomatic subjects. The subjects underwent 10-

minute session of traction cycles using 10 seconds on, 10 seconds off at 30 pounds of 

force. Although subjective relief was noted up to 12 hours after traction in pain 

subjects, no significant difference between groups (p > .05) was reported in EMG 

recordings at rest and within 10 minutes of traction.  

In the study of Pan et al. (2012) sixteen healthy subjects received mechanical intermit-

tent cervical traction in a sitting position under two traction forces (10% and 20% of 

total body weight). In this study design no apparent change was seen in the myoelec-

tric activity of the right sternocleidomastoid during traction. The myoelectric activity of 

the right posterior neck surface showed a fluctuating recruitment pattern occurring with 

the traction off-on cycle in the 20% body weight condition. 

Previous research has neglected to assess the reliability of electrical muscle activity 

measurements during a cervical traction setting. So far no attempts have been made to 

relate stiffness to electrical muscle activity during cervical traction.  
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In a retrospective study on mechanical cervical traction, Swezey et al. (1995) report 

very good results, especially for neck pain patients with radiculopathy using a home-

based traction device. The Cervical Stretcher (CS) is a new home-based pneumatic 

cervical traction device distributed by CuraCeres GmbH, Alpnach Dorf, Switzerland. It 

contains of a handheld pump and a pressure drain valve to adjust the traction force. In 

2010, Swissmedic approved the CS for sale in Switzerland and the European Union. 

Clinical experiences with the CS showed safe and effective results as well as a good 

patient acceptance. So far no effort has been undertaken to conduct a thoroughly 

assessment of safety, applicability, acute effects, and short term instrument reliability of 

CS applications. 

In this pilot study the term stiffness is defined as the extent to which the cervical spine -

as a whole- (adaptation of the definition proposed by Baumgart, 2000) resists 

deformation in response to an applied force. The force is a distraction (i.e. a cranial 

directed longitudinal force following the median axis of the body). To reduce the 

influence of different speeds of the applied force on visco-elastic properties of the 

cervical spine, the gradient of the force, applied in this pilot study, was standardized 

and slow.  

To evaluate in what extent muscle tone influences the stiffness of the whole cervical 

spine, surface electromyography was performed. This pilot study followed the state-

ment proposed by Simons, & Mense (1998) that muscle tone measured by slow 

movements and monitored by EMG is an assessment of elastic (not visco-elastic) and 

contractile stiffness. Elastic stiffness is defined as the resting muscle tone in absence 

of contractile motor unit activity and/or contracture (Simons, & Mense, 1998).  

The aim of this pilot study is to analyse test-retest, intra- and intersession instrument 

reliability of stiffness (instrumented CS and 3D Guidance TrakSTAR™) and surface 

electromyography measurements before and during cervical traction. Secondary, this 

pilot study explores the feasibility of stiffness and surface electromyography 

measurements in a cervical traction setting to guide the planning of a large-scale 

investigation in symptomatic subjects. 
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3 METHODS 

3.1 Design 

This study was an observational, cross section pilot study to evaluate intra-session / 

inter-session / test-retest / short term reliability with repeated measures (2 days, 6 

trails, 3 repetitions) This study was approved by the Cantonal Ethics Commission Bern 

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

3.2 Subjects 

Twenty healthy subjects ranged between 23 and 55 years 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. Subjects older than 55 years (to ensure os-

teoarthritis not being a confounder) and younger than 23 years (end of growth of the 

mandibular bones) were excluded (Lei, Liu, Yap, & Fu, 2012). A positive 

vertebrobasilar insufficiency test (VBI) (Kerry and Taylor, 2006), anamnestically known 

osteoporosis (T-Score ≤ -2.5)(Genant et al., 1999, World Health Organization, 1998), 

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 

20 healthy persons were recruited out of the student body of the Bern University of 

Applied Sciences (BUAS). All subjects had previous experience with cervical traction. 

The recruitment period started in November 2012 and ended in the first week of De-

cember 2012. The measurements were performed in the movement laboratory of the 

Bern University of Applied Sciences in the period from December 2012 until February 

2013. 

3.4 Sample size 

In general for a pilot of a phase III trial, there was no need for a formal sample size cal-

culation (Thabane et al., 2010). However, α error=0.05, power (1-β)=0.80, p(H0)=0.00 

and p(H1)=0.70 (reliability/ feasibility, see chapter 3.9) was calculated to justify the 

sample size. The total sample needed would be N=13. Whilst a probability sampling 

technique would have been preferred, the convenience sample was the most obvious 

sampling technique for the design of this pilot study because of its explorative and ex-

perimental character. Therefore a convenience sample size of N=20 was used. 
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3.5 Objectives and hypothesis 

The objectives of this study were: (1) to assess the intra and inter – session – 

instrument test – retest reliability of myoelectric activity measurements by surface 

electromyography of the upper trapezoid muscle, the sternocleidomastoid muscle and 

the cervical extensors before and during cervical traction at a pressure of 0, 1 and 2 

bar. (2) To assess the intra and inter – session – instrument reliability of stiffness 

measurements of the cervical spine by TrakSTAR™ and instrumented Cervical 

Stretcher during cervical traction at a pressure of 1 and maximal pressure. (3) To 

assess the feasibility of stiffness and surface electromyography measurements in a 

cervical traction setting to guide the planning of a large-scale investigation in 

symptomatic subjects.   

Hypothesis: (1) The intra and inter – session – instrument reliability of stiffness meas-

urements of the cervical spine by TrakSTAR™ and instrumented Cervical Stretcher 

during cervical traction at a pressure of 1 and 2 bar are reliable. (2) The intra and inter 

– session – instrument test – retest reliability of myoelectric activity measurements by 

surface electromyography of the upper trapezoid muscle, the sternocleidomastoid 

muscle and the cervical extensors before and during cervical traction at a pressure of 

0, 1 and 2 bar are reliable. (3) The feasibility of stiffness and surface electromyography 

measurements in a cervical traction setting is sufficient to guide the planning of a large-

scale investigation in symptomatic subjects. 

3.6 Outcomes 

The primary outcomes were: (1) stiffness and stiffness change before an intervention, 

directly after and 15, 30, 45 and 60 minutes after intervention at 1 and 2 bar for both 

sessions measured as Δ length at 1 and 2 bar on a rational scale in mm. (2) electrical 

muscle activity and change of electrical muscle activity of the left and right upper 

trapezoid, sternocleidomastoid and cervical extensors muscles before an intervention, 

directly after and 15, 30, 45 and 60 minutes after intervention at 1, 2 bar and maximum 

pressure for both sessions measured as the ratio of the EMG signal and the EMG 

signal during a maximal voluntary isometric contraction on a rational scale in EMG% 

(Table 1). 
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Primary endpoints Unit Scale 

 Stiffness and stiffness change at 

several time points and at 1 and 2 

bar  

mm. at 1 and 2 bar Rational 

 Muscle activity and change of 

muscle activity at several time 

points and at various pressure lev-

els for both session 

EMG% 

 

Rational 

 

Table 1: primary endpoints 

3.7 Instruments 

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

3.7.1 Cervical Stretcher 

The Cervical Stretcher (CS) was used for applying traction force to the cervical spine. 

An occipital cradle that fits around the upper part of the cervical spine and occiput pro-

vides the traction force. The chin is supported by upholstery to prevent flexion of the 

cervical spine during traction. Chin and chest support can be individually adjusted to 

each subject. Various shoulder pads ensure an optimal adaptation to different body 

physiques. The patient can apply traction force through a handheld pump. Over a drain 

valve, the air can be discharged (Fig 1). The CS in this study has been instrumented 

with a manometer (type: SSCSANN001BGAA5, Honeywell S&C, Morristown, New Jer-

sey, USA) to assess the traction force in bar continuously during pre-measurement, 

intervention and re-measurements. The manufacturer reports 2 % total error band (im-

precision due to the sum of all errors) of this type manometer. Signal analysis was 

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

digital converter (ME-2600i, Meilhaus, Puchheim, Germany) and with the Analog-Digi-

tal-Signal (ADS) processing software (uk-labs, Kempen, Germany). 
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Figure 1: Cervical Stretcher 

  

Figure 2: Application of the Cervical Stretcher 

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

and neck flexion was ensured (Figure 2). McEvoy and 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 in our study was assessed in a relaxed upright 

sitting position (back of the chair 100°) to minimize the tendency towards flexion or 

extension of the cervical spine during intervention and measurements. Raine, & 

Twomey (1997) found an average FHP angle of 48.9° with confidence intervals for the 

mean ranged between 1° and 3.8° in one hundred sixty asymptomatic volunteers aged 

between 17 and 83 years. The measurement of the FHP in our study was performed 

with a hand goniometer and the starting position of the FHP of 49° was secured by the 

chin pad of the CS.  

The starting position of 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 

a) neck support 

b) neck ring 

c) chin support 

d) chest support 

e) chest pad 

f) shoulder pad 

g) hand bulb pump  

    relieve valve 

h) inflaTable air 

cushions 
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the nares following Fater et al. (2008). The subjects were asked to perform a neck 

flexion until a flexion of 15° has been reached. This position was secured by the chest 

pad of the CS. Fater et al., 2008 reported the reliability of goniometer measurements of 

neck flexion as highly reliable with an intraclass correlation of 0.95 and 0.96 and an 

interclass correlation of 0.94. To facilitate a high reliability of the starting positions in 

our study setting, the same researcher measured and secured all FHPs and neck an-

gles. 

3.7.2 3D Guidance TrakSTAR™  

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

was used for obtaining data regarding measurement of length changes (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 study. For the assessment of stiffness of the 

cervical spine, a multiplication of  length change in mm - as measured by 3D Guidance 

TrakSTAR™ (Figure 6) - and pressure in Bar – as measured by the instrumented CS- 

was performed. The TrakSTAR™ is a high-accuracy electromagnetic tracker designed 

for short-range motion analysing (Figure 3). Through sensors, the TrakSTAR™ simul-

taneously analyses differences in position in six degrees of freedom (X, Y and Z coor-

dinates, Azimuth, Rotation and Elevation)(Figure 4, 5). Sensor data are reported seri-

ally to a host computer via a USB interface with a sampling rate of up to 240 Hz. The 

sampling rate used in this study was 10 Hz.  Position changes were marked, visual-

ized, analysed and stored by Analog-Digital-Signal (ADS) processing software (uk-labs, 

Kempen, Germany). The accuracy of the TrakSTAR™ measurements is as 0.5 mm for 

position (1 DOF) and 1.4 mm for tracking (3 DOF) (Schneider & Stevens, 2007). 

Electromagnetic tracking systems have been frequently 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 were 

reported as highly reliable (Schneider & Stevens, 2007). 

 

 

 

 

 

 

 

 

   

Figure 3: TrakSTAR™ Short Range 
Transmitter 

Figure 4: TrakSTAR™ Model 130, 
6 Degrees Of Freedom Sensor, 
Sensordiameter 2mm, Sensor 
length 9.9mm 

Figure 5: TrakSTAR™ Model 
800 6 Degrees Of Freedom 
Sensor, Sensor diameter 
7.9mm, Sensor length 19.8mm 
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Figure 6: TrakSTAR™  

3.7.3 EMG 

Electromyographic data of the left and right upper trapezoid muscles, the 

sternocleidomastoid muscles and the cervical extensors were obtained with the 

Noraxon Telemyo 2400 T G2 (Scottsdale AZ, USA) and used for evaluation of change 

of muscle activity during and after cervical traction (Figure 7). Appropriate skin 

preparation was performed prior to the application of the skin electrodes, both 

according to the European guidelines of the SENIAM project (Surface 

ElectroMyoGraphy for the Non-Invasive Assessment of Muscles). Lokalisation was 

obtained following Perotto & Delagi (2005). The reproducibility and reliability of 

superficial electromyography measurements of these muscles during cervical traction 

showed good results in the study of Falla, Dall'Albe, Rainoldi, Merletti, & Jull, (2002). 

The scan rate of EMG measurements used in this study was 1 kHz (10 Hz- 500 Hz 

Bandpass, Butterworth-Filter, 2. Order, 24 dB). The EMG raw values were calculated 

by gliding RMS. Following McLean, Chislett, Keith, Murphy, & Walton (2003) 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% EMG 

activity). All further EMG-Measurements were compared with these values and shown 

as EMG% (see for example Table 2, p21).  

 

    

Figure 7: Application of EMG-electrodes 
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3.7.4 Procedure 

The measurements took place on two different days. The second measurement oc-

curred exactly 1 week later at the same time of day. After completing a preliminary trail 

of three consecutive cervical tractions, the participants completed 6 trials of 3 cervical 

tractions at both sessions. After the first trial an intervention of continuous or intermit-

tent traction with duration of 20 minutes were made. The order of the intermittent and 

continuous traction intervention was randomized, using MS Excel’s syntax: RAND. Di-

rectly after the intervention and after every 15 minutes the participants performed the 

other 5 trials (Figure 8-9).    

All applications, activities and guidance of subjects as described below were performed 

by the same trained and experienced researcher to obtain optimal standardization. 

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

pain questionnaires) (Figure 8).  

The processus spinosis of C4 and C7 were identified by palpation and marked. Two 

sensors of the TrakSTAR™, model type 130 6DOF (diameter 2.0 mm. length 9.9 mm) 

were placed on the marks. To ensure cranial-caudal movement and avoid shearing in 

lateral or rotational direction, the sensors were attached vertically at two points on a 

flexible kinesiotape strip using needle and thread.  A third sensor, model type 800 

6DOF (diameter 7.9 mm. length 19.8 mm) was fixed and taped on a headband 

(accessories of GoPro Hero 2 camera) on the cranium.  To avoid shearing stress on 

the sensors, the attaching wires were linked together by a vertical tube taped between 

the scapulae.  

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). Electrodes 

type Ambu Blue Sensor N (Ref. N-00-S/25, Ambu A/S, Ballerup, Denmark) were used. 

For the assessment of electrical muscle activity and change of electrical muscle activity 

three maximal voluntary isometric contractions (MVIC) were carried out for the upper 

trapezoid, sternocleidomastoid muscles and the cervical extensor muscles respectively 

before each intervention. For the upper trapezoid, the MVIC was obtained in an upright 

sitting position with the arm in 90° abduction of the shoulder. Resistance was given 

proximal of the elbow and the subjects were asked to hold a maximal contraction for 3-

5 seconds (Mathiassen, Winkel, & Hägg, 1996; Mc Lean, Chislett, Murphy, & Walton, 

2003). For the assessment of MVIC of the sternocleidomastoid muscles the subjects 
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performed a maximum isometric neck flexion against manual resistance in an upright 

sitting position (Falla et al., 2002). For determination of the MVIC of the cervical exten-

sors, the subjects performed a maximum isometric neck extension against manual re-

sistance in upright sitting position. During all MVIC measurements, verbal stimulation 

was given to obtain maximum contractions.  

Subsequently, voluntary maximal cervical range of motion (CROM) without onset of 

pain of the cervical spine (order: rotation left /right, lateral flexion left/right and flexion 3 

times respectively) in a standardized upright sitting position was measured. Subjects 

performed flexion, rotation and lateral flexion in both directions in a sitting position. 

TrakSTAR™ sensors on Cranium and C7 recorded the amount of movement. The 

analysis of reliability of intersession and intrasession CROM measurements by 

TrakSTAR™ is not part of this study and will be published in a separate study.  

Subsequent, the CS was adapted to each subject. Shoulder pads, Neck flexion and 

Forward Head Position were adjusted by the same examiner for all subjects. The ad-

justments of the CS were logged. The subjects received instruction, how to use the 

hand pump and the drain valve. Before the preliminary trial subjects were informed to 

inflate the CS to maximum tolerance without onset of pain first. During the second pre-

liminary traction the subjects were asked to inflate the CS in a rhythm of 144 pumps 

per minute guided by a metronome to ensure a standardized and graphically evenly 

gradient of force. Before the third preliminary traction subjects were ask to perform the 

two tasks simultaneously as required during measurements.  

After the preliminary trial of the CS the instruments were activated and the first trial of 

three cervical tractions was performed. Cervical traction consisted of: (1) Inflation of the 

CS by hand pump (Rhythm: 144 beats/Minute), (2) Hold of maximum force without 

onset of pain (approx. 3-4 seconds) and (3) deflation of CS by drain valve until visually 

full deflation of the CS balloons was observed (approx. 25 seconds).The same proce-

dure was repeated for 5 post intervention trials. CROM measurements were performed 

after the cervical traction trials to avoid confounding. Between trials the CS was re-

moved to enable normal cervical spine movements during the time between the trials.  

Cervical stiffness was measured as a product of the pressure (measured by the in-

strumented CS in bar and length change of the cervical spine, defined as the difference 

between the position of C7 to the position of the cranium (measured by TrakSTAR™ in 

mm). Myoelectric activity of right and left upper trapezoid, sternocleidomastoid, and 
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cervical extensor muscles was measured by surface electromyography (Noraxon 

Telemyo 2400 T G2 in MVIC%). 

The intervention was subject to an assessment of the acute effects of intermittent and 

continuous traction regiments. The interventions were not subject to this study and 

results of acute effects using different interventions will be presented in a study of 

Habers H., Tal. A, and Radlinger L.  The continuous traction intervention performed in 

this study was a singular inflation of the CS in a 144 beat pro minute rhythm to a 

maximal tolerable force without onset of pain with duration of 20 minutes (participants 

could increase the traction force once after exact 10 minutes. The intermittent traction 

intervention consisted of twenty cycles of cervical traction: (1) Inflation of the CS in a 

rhythm of 144 pro minute, (2) 30 seconds of sustained inflation at maximal tolerance 

without onset of pain and (3) deflation of the CS device (15 seconds).    

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

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. minute. 

5 The re - 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 Symptom questionnaire was filled out 
immediately after intervention, 60 
minutes after intervention and 48 hours 
after intervention. 

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

 
Remeasurements after 48 hours 

 Pain (NRS) 

 Symptom questionnaire6 

Remeasurements 

 EMG2,5 

 Stiffness2,5 

 Cervical range of motion5 

 Pain (NRS)5 

 Symptom questionnaire6 

 Feasibility questionnaire8 

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 

Figure 8: Flowchart measurement setting 
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Figure 9: Time sequence of measurements 

3.8 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-

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

assessed 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 was 

used. The TrakSTAR™ length- and angle measurements and the manometer pressure 

measurement were recorded with a sampling rate of 10 Hz, the stiffness has been cal-

culated as change of length at 1 and 2 bar (following Baumgart, 2000). EMG of the six 

muscles was recorded with a sample rate of 1 kHz (10 Hz-500 Hz Bandpass, 

Butterworth-Filter, 2. Order, 24 dB). The EMG raw values were calculated by moring 

average Root Mean Square, MVIC-normalized and represented as relative values 

(EMG%). 

3.9 Statistical methods 

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

weight, BMI), muscle activity and stiffness at 0 Bar, 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 the intra – session reliability repeated measures ANOVA and intra-class coeffi-

cients (ICC Type 2,1) for single measurements with 95% Confidence Intervals (CI), 

Standard Errors of Measurement (SEM), Minimal DetecTable Difference (MDD), were 
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calculated using the data for each variable for one trial (i.e. three cervical tractions) at 

the same day. This procedure was repeated for all other trials at day one and day two. 

For the inter – session reliability the same analysis as the intra-session reliability was 

performed, using the data of each variable of the first cervical traction in the first trial of 

day one and the data of each variable of the first cervical traction in the first trial of day 

two. This procedure was repeated for every single traction and for all (time paired) tri-

als. 

Since this pilot study tries to detect a systematic error, all subjects were tested by all 

instruments and single measurements were of special interest. ICC2,1 following the 

study of Shrout and Fleiss (1999) were calculated.  

The statistical analysis was performed using SPSS 20 (SPSS for Windows Rel. 20 

Chicago: SPSS Inc.). For the evaluation of relative reliability ICC values, benchmarks 

presented by Shrout, and Fleiss (1979) were used: above 0.75 represents excellent 

reliability, 0.40 – 0.75 represents fair to good reliability and below 0.40 represents poor 

reliability. For the absolute relativity calculations of SEM and MDD were performed by 

MS Excel using the formulas: SEM= SD √(1 − ICC)  (Streiner, & Norman, 2008) and 

MDD= 1.96 *√2 * SEM (Bland, & Altman, 1986). 

The success of feasibility to guide the planning of a large-scale investigation in symp-

tomatic subjects was set on a more stringent criteria following Currier (1990): over ICC 

≥ 0.7 = feasible and ICC <0.7 = not feasible. This value was used for the Fisher z (re-) 

transformed ICC means and the power calculation to estimate the sample size. 

ANOVA – p values less as 0.05 were considered to be significant. 

3.10 Determination of feasibility of the main study 

Following criteria determinating the feasibility of the main study were used: 

(1) No feasible reliability. None of all ICC’s exceeds ICC = 0.7. The measurement set-

ting used in the pilot study is not feasible for the main study; 

(2) Poor feasibility. One or more ICC’s exceed ICC = 0.7 and the overall mean of all 

ICC’s ≥ 0.4. Modification of the measurement protocol for the main study is 

strongly recommended; 

(3) Feasible reliability. All ICC’s (100%) exceed ICC ≥ 0.7. The measurement setting 

used in the pilot study is feasible without modification; however it has to be moni-

tored closely during the main study.  
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3.11 Ethical aspects 

Due to the fact that this study has an explorative and experimental design, it wouldn’t 

be ethical to perform a full-powered study with symptomatic subjects without data con-

cerning safety, acute effects and reliability. The subjects had experience with cervical 

traction. Therefore they could judge the theoretically potential harm of the traction force 

used in this study better as not - experienced asymptomatic subjects and therefore 

minimize the risk. All subjects were informed in writing and orally about the intervention 

and the pilot character of the study. All persons signed written informed consent, ac-

cording to the Helsinki declaration. Ethical approval was gained from the Bern Cantonal 

Ethics Commission at 22.10.2012 (Ref.-Nr. KEK-BE: 167/12).  
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4 RESULTS 

26 subjects (17 women, 9 men) were asked to participate in the study. 4 Subjects (3 

women, 1 man) reported actual neck pain and 2 subjects (men) reported anxiety after 

reading the participant information. 20 Subjects (14 women, 6 men) satisfied the inclu-

sion and exclusion criteria. After randomisation and at the start of the first day of meas-

urements two men had to be excluded. Although they met inclusion and exclusion crite-

ria, the level of maximal tolerable pressure without onset of pain during the first inflation 

of the CS in the preliminary trial was not achieved, however exceeded 7 Bar. They re-

ported that further inflation of the CS did not noticeably increase the traction force. 

Potential damage to the instrumented CS (specifically at the balloons and the connec-

tions between the tubes of the pneumatic system) and therefore potential risks for the 

subjects could not be ruled out. All other subjects (14 women, 4 men) completed the 

study (Figure 10). The mean age was 31.2 years (SD 7.62), the mean body height was 

169.7 cm (SD 7.58), the mean body weight was 65.4 kg (SD 9.3) resulting in a mean 

Body Mass Index of 22.7 kg/m2 (SD 2.6). 

 

Figure 10: Flow chart participants 

 

Normal distribution of data was assessed by Shapiro - Wilk test. Stiffness measure-

ments at 1 and 2 bar showed normal distribution in 63 of 72 (87.5 %) samples (p≥ 
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0.05). For assessment of normalized myoelectric activity for the 6 muscle groups at 0, 

1 and 2 Bar, 460 of 648 samples (71%) were not normally distributed (p< 0.05). How-

ever, tests of normality may be misleading in a small sample size (n<20) (McCluskey 

and Ghaaliq Lalkhen. 2007). Normal distribution for myoelectric activity following Jette 

et al. (1985) and Wong et al. (1997) was assumed. 

4.1 The Intra Session Reliability 

Systematic Error 

One aim of the statistical analysis was to detect a systematic error. To calculate the 

Intra-Session reliability, three inflations of the cervical stretcher were compared to 6 

different time- points at two days at 0, 1 and 2 bar, measuring the myoelectric activity of 

six muscle groups or stiffness (6x2x3x6=216 trial comparisons). No systematic error 

could be detected for myoelectric muscle activity or stiffness measurements (24 trial 

comparisons) at rest or during traction (Table 2).  

Highest Cronbach’s alpha value ,   
when item was deleted  

Occurrence  
in n   

Occurrence  
in %  

   

MVIC% measurements  
  

Item 1 81 38 

Item 2 42 19 

Item 3 93 43 

Total Trials:  216 100 

Stiffness measurements 
  

Item 1 12 50 

Item 2 6 25 

Item 3 6 25 

Total Trials 24 100 
Table 2: Assessment of systematic error during the intra session reliability setting.  
6 Muscle groups were tested at 2 days by 6 trials at 3 different pressure levels (0, 1 and 2 bar) (total 216). Item 1, 2, 3 
represents inflation 1, 2, 3 of single trials. Item scale statistics were performed by SPSS command: reliability-analysis – 
descriptives - scale when item deleted. Deletion of Item 1, 2 and 3 were compared. When deletion of one of three items 
resulted in the highest corrected Cronbach’s alpha value, this item was counted. Example: Deletion of Item 1 resulted 
81 times of 216 comparisons of Item 1, 2 and 3 in the highest value of Cronbach’s alpha in one single trial. 

 

Upper trapezoid muscles 

All ICC’s as presented in Table 3 were Fisher z transformed. The means and standard 

deviations were calculated and Fisher z retransformed (Table 4). SEM and MDD 

values as presented in Table 3 are derivations of the Fisher z (re-) transformed ICC 

means.  
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All ICC means of myoelectric activity measurements (MAM) of the left upper trapezoid 

muscle (UTM-l) at rest (0 bar), 1 bar and at 2 bar exceeded ICC = 0.75 (Table 4). All 

MAM for UTM-r at 0 bar and 1 bar exceed ICC: 0.75. At 2 bar the ICC mean of MAM for 

UTM-r was below ICC = 0.75. All ICC’s (100%) for UTM-l and 23/24 ICC (96%)’s for 

UTM-r at 0 bar and 1 Bar exceed the 0.7 (cut off for feasibility). At 2 Bar 92% of all 

ICC’s for UTM-l and 42% of all ICC’s for UTM-r exceed ICC = 0.7. The best and worst 

SEM and MDD mean value of MAM for UTM-l were at 2 and 1 bar resp. (SEM: 2.71, 

MDD 7.50 / SEM: 3.03, MDD: 8,41 MVIC%). For UTM-r these values were at 0 and 2 

bar (SEM: 2.12, MDD: 5.88/ SEM: 2.40, MDD: 6.66 MVIC%).  

 
Day 1 Day2 Day 1/2 

 
Mean (SD) Mean (SD) Mean (SD) ICC mean (95% CI) SEM (95% CI) MDD (95% CI) 

At 0 bar: N=18 

UTM-l 
in MVIC% 

9.89 (9.20) 7.80 (6.88) 8.85 (8.04) 0.86 (0.84 - 0.88) 3.01 (2.99 - 3.04) 8.35 (8.33 - 8.37) 

UTM-r 
in MVIC% 

7.22 (5.91) 6.29 (5.08) 6.76 (5.50) 0.85 (0.83 - 0.88) 2.12 (2.10 - 2.15) 5.88 (5.86 - 5.91) 

At 1 bar: N=18 

UTM-l 
in MVIC% 

9.52 (8.16) 8.36 (7.26) 8.94 (7.71) 0.85 (0.82 - 0.87) 3.03 (3.01 - 3.06) 8.41 (8.38 - 8.43) 

UTM-r 
in MVIC% 

7.24 (5.75) 6.97 (6.29) 7.10 (6.02) 0.85 (0.80 - 0.90) 2.36 (2.31 - 2.41) 6.54 (6.49 - 6.59) 

At 2 bar: N=14 

UTM-l 
in MVIC% 

7.79 (6.26) 8.20 (6.87) 8.00 (6.56) 0.83 (0.77 - 0.89) 2.71 (2.65 - 2.76) 7.50 (7.44 - 7.56) 

UTM-r 
in MVIC% 

6.02 (3.85) 6.10 (4.49) 6.06 (4.17) 0.67 (0.59 - 0.75) 2.40 (2.33 - 2.48) 6.66 (6.58 - 6.74) 

Table 3: Intra Session Reliability of measurements of myoelectric activity of  M. trapezius descendens left and right I. 
 (UTM-l and UTM-r) normalized in percentage of the maximally volontary isometric contraction (MVIC%). SD: standard 
deviation, ICC: intraclass correlation coefficient (2,1),z transformed: All ICC’s were Fischer z transformed, the mean ICC 
was calculated and retransformed, SEM: standard error of measurement, MDD: minimal detecTable difference, 95% CI: 
confidence intervall (lower bound – upper bound). SEM and MDD are derivations of the (re-)transformed ICC mean. 

 

Sternocleidomastoid muscle 

All ICC means for MAM of the sternocleidomastoid muscle left (SCM-l) and SCM-r at 

rest (0 bar) showed values above ICC = 0.75 (Table 5). At rest, 1 bar and 2 bar 96%, 

96 % and 71 % of all ICC’s exceed ICC = 0.7 (Table 6). The best and worst SEM and 

MDD mean value of MAM for SCM-l was at 0 and 2 bar (SEM: 0.99, MDD: 2.76 and 

SEM: 1.21, MDD MVIC%). For SCM-r the values were at 1 and 2 bar (SEM: 1.26, 

MDD: 3.51 and SEM: 1.54, MDD: 4.26 MVIC%). 
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Day 1 Day 2    

ICC  
 

ANOVA P  

 
v n0 n5 n30 n45 n60 v n0 n5 n30 n45 n60 

Min 
ICC 

max  
ICC 

ICC 
≥ 0.7 
in % 

At 0 bar: N=18 

UTM-l 
in MVIC% 

0.81 0.84 0.85 0.89 0.87 0.89 0.93 0.83 0.91 0.82 0.77 0.83 

0.77 0.93 100 
0.39 0.36 0.60 0.10 0.39 0.82 0.13 0.89 0.89 0.28 0.99 0.89 

UTM-r 
in MVIC% 

0.88 0.79 0.82 0.90 0.88 0.82 0.87 0.79 0.94 0.84 0.80 0.79 

0.79 0.94 100 
0.10 0.31 0.20 0.15 0.22 0.28 0.18 0.20 0.79 0.18 0.37 0.20 

At 1 bar: N=18 

UTM-l 
in MVIC% 

0.89 0.86* 0.87 0.85 0.85 0.76 0.80 0.85 0.86 0.75 0.87 0.88 

0.75 0.89 100 
0.71 0.00 0.27 0.37 0.68 0.34 0.07 0.60 0.28 0.13 0.59 0.30 

UTM-r 
in MVIC% 

0.87 0.75 0.89 0.94 0.84 0.57 0.88 0.81 0.86 0.75 0.83 0.93 

0.57 0.94 92 
0.62 0.06 0.22 0.16 0.24 0.67 0.14 0.16 0.45 0.25 0.77 0.71 

At 2 bar: N=14 

UTM-l 
in MVIC% 

0.77 0.57 0.79 0.76 0.84 0.95 0.84 0.91 0.88 0.73 0.87 0.79 

0.57 0.95 92 
0.62 0.06 0.22 0.16 0.24 0.67 0.14 0.16 0.45 0.25 0.77 0.71 

UTM-r 
in MVIC% 

0.52* 0.43 0.63 0.59 0.78 0.80 0.85 0.72 0.49 0.68* 0.74 0.56 

0.43 0.85 42 
0.04 0.68 0.62 0.14 0.65 0.27 0.34 0.36 0.11 0.00 0.42 0.68 

Table 4: Intra Session Reliability of measurements of myoelectric activity of  M. trapezius descendens left and right II.  
(UTM-l and UTM-r) normalized in percentage of the maximally volontary isometric contraction (MVIC%). V= before 
intervention, n0 = directly after intervention, n15 = 15 minutes after intervention, Min ICC = lowest ICC value measured, 
max ICC = the highest ICC value measured, ICC ≥ 0.7 in % = the amount of ICC’s exceeding ICC = 0.7 divided by the 
total amount and multiplied by 100. * = ANOVA p is significant. 

 

 
Day 1 Day2 Day 1/2 

 
Mean (SD) Mean (SD) Mean (SD) ICC (95% CI) SEM (95% CI) MDD (95% CI) 

At 0 bar: N=18 

SCM-l 
in MVIC% 

5.26 (3.78) 4.86 (3.28) 5.06 (3.53) 0.92 (0.90 - 0.94) 0.99 (0.97 - 1.02) 2.76 (2.73 - 2.78) 

SCM-r 
in MVIC% 

6.31 (3.91) 4.88 (2.84) 5.59 (3.37) 0.84 (0.76 - 0.91) 1.36 (1.28 - 1.43) 3.76 (3.69 - 3.84) 

At 1 bar: N=18 

SCM-l 
in MVIC% 

5.55 (3.70) 5.03 (3.38) 5.29 (3.54) 0.88 (0.83 - 0.93) 1.21 (1.17 - 1.26) 3.37 (3.32 - 3.42) 

SCM-r 
in MVIC% 

6.38 (3.55) 5.23 (3.09) 5.80 (3.32) 0.86 (0.82 - 0.89) 1.26 (1.23 - 1.30) 3.51 (3.47 - 3.54) 

At 2 bar: N=14 

SCM-l 
in MVIC% 

4.73 (2.64) 5.00 (3.23) 4.86 (2.94) 0.83 (0.76 - 0.90) 1.21 (1.14 - 1.29) 3.37 (3.29 - 3.44) 

SCM-r 
in MVIC% 

5.79 (2.71) 5.40 (4.21) 5.60 (3.46) 0.80 (0.68 - 0.92) 1.54 (1.42 - 1.66) 4.26 (4.14 - 4.38) 

Table 5: Intra Session Reliability of measurements of myoelectric activity of M. sternocleidomastoideus I. 
(SCM-l and SCM-r) normalized in percentage of the maximally volontary isometric contraction (MVIC%). SD: standard 
deviation, ICC: intraclass correlation coefficient (2,1), z transformed: All ICC’s were Fischer z transformed, the mean 
ICC was calculated and retransformed, SEM: standard error of measurement, MDD: minimal detecTable difference, 
95% CI: confidence intervall (lower bound – upper bound). SEM and MDD are derivations of the (re-)transformed ICC 
mean. 

 

Cervical extensors  

All ICC means of MAM for cervical extensor muscles (CEM) left at 0, 1 and 2 bar 

exceed ICC = 0.75 (Table 7). ICC means of MAM for CEM-r were 0.85 at rest, 0.61 
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and 0.70 at 1 and 2 bar respectively. At rest 100 % of all ICC’ for CEM-l and 50% for 

CEM-r exceed ICC = 0.7 (Table 8). At 1 and 2 Bar: 83% to 67% of all ICC’s for CEM-l 

and 33% to 50% for all ICC’s right exceed ICC = 0.7. Minimum and maximum values 

for SEM and MDD for CEM-l was at 0 and 2 bar (SEM: 2.94, MDD: 8.16 / SEM: 3.62, 

MDD: 10.02 MVIC%). For CEM-r these values were at 0 and 1 bar (SEM: 7.21, MDD: 

19.99 / SEM: 11.90, MDD: 32.99 MVIC%). 

 

Day 1 Day 2    

ICC  
 

ANOVA P  

 
  v   n0   n5   n30   n45   n60   v   n0   n5   n30   n45   n60 

Min 
ICC  

max  
ICC  

ICC 
≥ 0.7 
in % 

At 0 bar: N=18 

SCM-l 
in 
MVIC% 

0.94 0.92 0.92 0.95 0.96* 0.86 0.97 0.85 0.94 0.93 0.85 0.85 

0.85 0.97 100 
0.54 0.76 0.05 0.05 0.04 0.46 0.08 0.43 0.15 0.45 0.13 0.43 

SCM-r 
in 
MVIC% 

0.73 0.38 0.77 0.92 0.80 0.76 0.84 0.80 0.95 0.94 0.90 0.80 

0.38 0.95 92 
0.99 0.58 0.79 0.32 0.58 0.29 1.00 0.24 0.07 0.37 0.33 0.24 

At 1 bar: N=18 

SCM-l 
in 
MVIC% 

0.87 0.92 0.56 0.93 0.89 0.82 0.91* 0.90 0.88* 0.89 0.89 0.92 

0.56 0.93 92 
0.68 0.52 0.15 0.05 0.76 0.90 0.01 0.77 0.03 0.23 0.87 0.85 

SCM-r 
in 
MVIC% 

0.90 0.85 0.77 0.77 0.89 0.76 0.88* 0.72 0.89 0.91 0.92 0.88 

0.72 0.92 100 
0.07 0.14 0.77 0.66 0.62 0.47 0.02 0.17 0.28 0.88 0.63 0.07 

At 2 bar: N=14 

SCM-l 
in 
MVIC% 

0.61 0.67 0.62 0.64 0.87 0.96 0.90 0.78 0.85 0.84 0.86 0.94* 

0.61 0.96 67 
0.95 0.79 0.35 0.59 0.53 0.24 0.20 0.30 0.92 0.12 0.55 0.00 

SCM-r 
in 
MVIC% 

0.73 0.76* 0.94 0.65 0.86 0.82 0.86* 0.67 0.17 0.88 0.88 0.87 

0.17 0.94 75 
0.68 0.02 0.26 0.08 0.75 0.52 0.03 0.29 0.40 0.72 0.47 0.90 

Table 6: Intra Session Reliability of measurements of myoelectric activity of  of M. sternocleidomastoideus II. 
 (SCM-l and SCM-r) normalized in percentage of the maximally volontary isometric contraction (MVIC%). V= before 
intervention, n0 = directly after intervention, n15 = 15 minutes after intervention, Min ICC = lowest ICC value measured, 
max ICC = the highest ICC value measured, ICC ≥ 0.7 in % = the amount of ICC’s exceeding ICC = 0.7 divided by the 
total amount and multiplied by 100. * = ANOVA p is significant.  
 

 
Day 1 Day 2 Day 1/2 

 
Mean (SD) Mean (SD) Mean (SD) ICC (95% CI) SEM (95% CI) MDD (95% CI) 

At 0 bar: N=18 

CEM-l 
in MVIC% 

14.97 (6.27) 15.27 (8.86) 15.12 (7.57) 0.85 (0.82 - 0.87) 2.94 (2.92 - 2.97) 8.16 (8.14 - 8.19) 

CEM-r 
in MVIC% 

18.41 (27.52) 11.81 (5.36) 15.11 (16.44) 0.81 (0.73 - 0.89) 7.21 (7.13 - 7.29) 19.99 (19.91 - 20.07) 

At 1 bar: N=18 

CEM-l 
in MVIC% 

15.88 (6.92) 15.92 (9.22) 15.90 (8.07) 0.81 (0.76 - 0.85) 3.56 (3.52 - 3.60) 9.86 (9.82 - 9.91) 

CEM-r 
in MVIC% 

20.32 (31.60) 12.48 (6.52) 16.40 (19.06) 0.61 (0.48 - 0.74) 11.90 (11.77 - 12.04) 32.99 (32.86 - 33.12) 

At 2 bar: N=14 

CEM-l 
in MVIC% 

15.79 (6.57) 15.80 (8.44) 15.80 (7.51) 0.77 (0.70 - 0.84) 3.62 (3.55 - 3.68) 10.02 (9.95 - 10.09) 

CEM-r 
in MVIC% 

19.05 (26.28) 13.16 (6.52) 16.10 (16.40) 0.70 (0.54 - 0.86) 9.02 (8.86 - 9.17) 24.99 (24.83 - 25.15) 

Table 7: Intra Session Reliability of measurements of myoelectric activity of cervical extensors muscles I. 
(CEM-l and CEM-r) normalized in percentage of the maximally volontary isometric contraction (MVIC%). SD: standard 
deviation, ICC: intraclass correlation coefficient (2,1), z transformed: All ICC’s were Fischer z transformed, the mean 
ICC was calculated and retransformed, SEM: standard error of measurement, MDD: minimal detecTable difference, 
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95% CI: confidence intervall (lower bound – upper bound). SEM and MDD are derivations of the (re-)transformed ICC 
mean. 

 

 

Day 1 Day 2    

ICC  
 

ANOVA P  

 
  v   n0   n5   n30   n45   n60   v   n0   n5   n30   n45   n60 

Min 
ICC  

max  
ICC  

ICC 
≥ 0.7 
in % 

At 0 bar: N=18 

CEM-l 
in MVIC% 

0.81 0.78 0.84* 0.87 0.85 0.76 0.91 0.81 0.90 0.86 0.89 0.81 

0.76 0.91 100 
0.54 0.16 0.04 0.60 0.32 0.23 0.92 0.30 0.55 0.32 0.92 0.30 

CEM-r 
in MVIC% 

0.68 0.54 0.89 0.99 0.44 0.90 0.81 0.68 0.67 0.82 0.85 0.68 

0.44 0.99 50 
0.37 0.28 0.47 0.13 0.32 0.87 0.08 0.53 0.83 0.81 0.72 0.53 

At 1 bar: N=18 

CEM-l 
in MVIC% 

0.97 0.71 0.85 0.65 0.75 0.75 0.70* 0.76 0.76 0.86 0.80 0.84 

0.65 0.97 83 
0.92 0.28 0.75 0.54 0.29 0.28 0.04 0.71 0.60 0.49 0.70 0.53 

CEM-r 
in MVIC% 

0.91 0.62 0.69 0.75 0.33 0.09 0.43* 0.63 0.74 0.07 0.70* 0.73 

0.07 0.91 33 
0.36 0.58 0.32 0.35 0.21 0.44 0.02 0.11 0.46 0.20 0.03 0.47 

At 2 bar: N=14 

CEM-l 
in MVIC% 

0.64 0.80 0.75 0.75 0.56 0.68 0.54 0.84 0.92 0.77 0.87* 0.82 

0.54 0.92 67 
0.80 0.87 0.54 0.06 0.36 0.20 0.07 0.56 0.28 1.00 0.03 0.99 

CEM-r 
in MVIC% 

0.91 0.18 0.95 0.82 0.49 0.24 0.65 0.68 0.22 0.73 0.85 0.70 

0.18 0.95 50 
0.16 0.39 0.35 0.39 0.32 0.45 0.29 0.96 0.41 0.12 0.46 0.16 

Table 8: Intra Session Reliability of measurements of myoelectric activity of cervical extensors muscles II.  
(CEM-l and CEM-r) normalized in percentage of the maximally volontary isometric contraction (MVIC%). V= before 
intervention, n0 = directly after intervention, n15 = 15 minutes after intervention, Min ICC = lowest ICC value measured, 
max ICC = the highest ICC value measured, ICC ≥ 0.7 in % = the amount of ICC’s exceeding ICC = 0.7 divided by the 
total amount and multiplied by 100. * = ANOVA p is significant.  

Stiffness 

The means of MAM of stiffness (k) measurements on day 1 and 2 at 1 Bar was 0.30 

(SD: 4.01) indicating a reduced distance of 0.30 mm between the TrakSTAR™ sensor 

of the cranium and C7 (Table 9). At 2 bar the overall mean was -0.24 indicating an 

increased distance of 0.12 mm. The ICC means of k - measurements at 1 and 2 bar 

ranged from 0.51 to 0.62 respectively (Table 10). At 1 Bar: 2 of 12 (17%) ICC’s and at 

2 Bar: 2 of 12 (17 %) ICC’s exceed ICC = 0.7. Minimum and maximum values for SEM 

and MDD for k - measurements were at 1 and 2 bar resp. (SEM: 2.80, MDD: 7.75/ 

SEM: 4.53, MDD: 12.55 MVIC%) 

 

 
Day 1 Day 2 Day 1/2 

 
Mean (SD) Mean (SD) Mean (SD) ICC (95% CI) SEM (95% CI) MDD (95% CI) 

At 1 bar: N=18 

Stiffness delta k -0.44 (3.03) 1.03 (4.99) 0.30 (4.01) 0.51 (0.43 - 0.60) 2.80 (2.72 - 2.88) 7.75 (7.67 - 7.84) 

At 2 bar: N=14 

Stiffness delta k -0.95 (9.36) 0.47 (5.23) -0.24 (7.30) 0.62 (0.53 - 0.70) 4.53 (4.44 - 4.61) 12.55 (12.46 - 12.63) 

Table 9: Intra Session Reliability of stiffness (k) measurements of the cervical spine I.  
Delta k represents the length change between cranium and processus spinosis C7 in mm., multiplied by the pressure in 
bar. SD: standard deviation, ICC: intraclass correlation coefficient (2,1), z transformed: All ICC’s were Fischer z 
transformed, the mean ICC was calculated and retransformed, SEM: standard error of measurement, MDD: minimal 
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detecTable difference, 95% CI: confidence intervall (lower bound – upper bound). SEM and MDD are derivations of the 
(re-)transformed ICC mean. 

 

 

Day 1 Day 2    

ICC  
 

ANOVA P  

 
  v   n0   n5   n30   n45   n60   v   n0   n5   n30   n45   n60 

Min 
ICC  

max  
ICC  

ICC 
≥ 0.7 
in % 

At 1 bar: N=18 

Stiffness 
delta k 

0.50 0.79 0.58 0.76 0.23 0.52 0.47* 0.36 0.55 0.39* 0.44 0.32 

0.23 0.79 17 
0.05 0.22 0.15 0.18 0.28 0.32 0.01 0.66 0.06 0.02 0.63 0.15 

At 2 bar: N=14 

Stiffness 
delta k 

0.62 0.85 0.69 0.76 0.58 0.70 0.46* 0.58 0.60* 0.56 0.40 0.35 

0.35 0.85 17 
0.24 0.48 0.08 0.06 0.83 0.76 0.00 0.48 0.02 0.08 0.30 0.08 

Table 10: Intra Session Reliability of stiffness (k) measurements of the cervical spine II.  
Delta k represents the length change between cranium and processus spinosis C7 in mm., multiplied by the pressure in 
bar). V= before intervention, n0 = directly after intervention, n15 = 15 minutes after intervention, Min ICC = lowest ICC 
value measured, max ICC = the highest ICC value measured, ICC ≥ 0.7 in % = the amount of ICC’s exceeding ICC = 
0.7 divided by the total amount and multiplied by 100. * = ANOVA p is significant.  

4.2 The Inter Session Reliability 

Upper trapezoid muscle 

All ICC means of MAM for UTM-l and for UTM-r at rest, 1 bar and 2 bar varied between 

ICC = 0.40 - 0.75 (Table 11). 6 %, 6% and 0% of all UTM-l ICC’s and 39%, 33% and 

22% of UTM-r ICC values exceed the ICC = 0.7 (Table 15).   

Minimum and maximum SEM and MDD mean values were at 2 and 0 bar for UTM-l 

and UTM-r (SEM: 4.47/ 2.92, MDD: 12.40/ 8.09 and SEM: 5.34/3.16, MDD: 14.80/ 8.75 

MVIC% resp.).  

 
Overall Inter-session reliability 

 
Mean (SD) ICC (95% CI) SEM (95% CI) MDD (95% CI) 

At 0 bar: N=18 

UTM-l 
in MVIC% 

8.95 (7.14) 0.44 (0.33 - 0.55) 5.34 (1.79 - 8.89) 14.80 (11.25 - 18.35) 

UTM-r 
in MVIC% 

6.87 (5.32) 0.65 (0.52 - 0.77) 3.16 (0.51 - 5.81) 8.75 (6.11 - 11.40) 

At 1 bar: N=18 

UTM-l 
in MVIC% 

8.92 (6.92) 0.52 (0.42 - 0.62) 4.79 (1.35 - 8.23) 13.28 (9.84 - 16.72) 

UTM-r 
in MVIC% 

7.09 (5.81) 0.69 (0.56 - 0.83) 3.22 (0.33 - 6.11) 8.93 (6.04 - 11.82) 

At 2 bar: N=14 

UTM-l 
in MVIC% 

8.14 (5.73) 0.39 (0.28 - 0.51) 4.47 (1.16 - 7.78) 12.40 (9.09 - 15.71) 

UTM-r 
in MVIC% 

6.05 (4.12) 0.50 (0.38 - 0.62) 2.92 (0.54 - 5.30)  7.83 (5.71  - 10.47) 

Table 11: Inter Session Reliability of measurements of myoelectric activity of M. trapezius descendens.  
 (UTM-l and UTM-r) normalized in percentage of the maximally volontary isometric contraction (MVIC%). SD: standard 
deviation, ICC: intraclass correlation coefficient (2,1), z transformed: All ICC’s were Fischer z transformed, the mean 
ICC was calculated and retransformed, SEM: standard error of measurement, MDD: minimal detecTable difference, 
95% CI: confidence intervall (lower bound – upper bound). SEM and MDD are derivations of the (re-)transformed ICC 
mean. 
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Sternocleidomastoid muscle 

ICC mean values of MAM for SCM-l at 0 and 1 bar varied between 0.4 - 0.75 (Table 

12). At 2 Bar the ICC mean value was below 0.4. All ICC mean values of MAM for 

SCM-r at all pressure levels varied between 0.4 and 0.75 (Table 15). Of all ICC values 

for SCM-l at 0, 1 and 2 bar, 100 %, 72 % and 50% exceeds ICC = 0.7. For SCM-r 

these percentages were 22%, 17% and 6 % respectively. Minimum and maximum 

values for SEM and MDD for SCM-l were at 0 and 2 bar (SEM: 1.25, MDD: 3.47 and 

SEM: 1.63, MDD: 4.51 MVIC% resp.). Lowest and highest values for SCM-r were at 1 

and 2 bar (SEM: 1.90, MDD: 5.25, and SEM: 2.41, MDD:  6.67 MVIC% resp.). 

 
Overall Inter-session reliability 

 
Mean (SD) ICC (95% CI) SEM (95% CI) MDD (95% CI) 

At 0 bar: N=18 

SCM-l 
in MVIC% 

5.08 (3.34) 0.86 (0.73 - 0.99) 1.25 (-0.41 - 2.91) 3.47 (1.81 - 5.13) 

SCM-r 
in MVIC% 

5.68 (3.16) 0.58 (0.45 - 0.72) 2.04 (0.47 - 3.61) 5.65 (4.08 - 7.22) 

At 1 bar: N=18 

SCM-l 
in MVIC% 

5.30 (3.33) 0.79 (0.65 - 0.93) 1.53 (-0.13 - 3.18) 4.23 (2.58 - 5.89) 

SCM-r 
in MVIC% 

5.81 (2.97) 0.59 (0.48 - 0.70) 1.90 (0.42 - 3.37) 5.25 (3.78 - 6.73) 

At 2 bar: N=14 

SCM-l 
in MVIC% 

4.87 (2.73) 0.65 (0.49 - 0.80) 1.63 (0.05 - 3.20) 4.51 (2.93 - 6.08) 

SCM-r 
in MVIC% 

5.56 (2.89) 0.31 (0.16 - 0.46) 2.41 (0.74 - 4.08) 6.67 (5.00 - 8.34) 

Table 12: Inter Session Reliability of measurements of myoelectric activity of M. sternocleidomastoideus.  
(SCM-l and SCM-r) normalized in percentage of the maximally volontary isometric contraction (MVIC%). SD: standard 
deviation, ICC: intraclass correlation coefficient (2,1), z transformed: All ICC’s were Fischer z transformed, the mean 
ICC was calculated and retransformed, SEM: standard error of measurement, MDD: minimal detecTable difference, 
95% CI: confidence intervall (lower bound – upper bound). SEM and MDD are derivations of the (re-)transformed ICC 
mean. 

Cervical extensors 

The ICC mean values of MAM for CEM-l at 0, 1 and 2 Bar ranged round 0.4. All ICC 

mean values of MAM for CEM-r were zero (Table 13). For CEM-l: 6, 0 and 17% at 0, 1 

and 2 bar exceeds ICC = 0.7 (Table 15). None of the CEM-r values at all pressure 

levels exceeds ICC = 0.7. Worst values for SEM and MDD were seen for CEM-r at 1 

bar (SEM: 16.55, MDD: 45.89 MVIC%). Best values were at 2 bar for CEM-l (SEM: 

4.21, MDD: 11.66)  

Stiffness 

At 1 Bar the overall mean of k – measurements was -0.62 (SD: 2.92) bar*mm (Table 

14). The minus symbol indicates that during traction by the Cervical Stretcher the 

distance between C0 and C7 was increased by 2.92 mm. At 2 Bar the overall mean of 

k – measurements was 0.21 (SD: 7.32) bar*mm indicating that the distance was 
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decreased by 0.11 mm. The ICC means of k-measurements at 1 and 2 bar was 

identical (ICC = 0.31). None of 36 ICC’s at 1 and 2 bar exceeds ICC = 0.7 (Table 15). 

Minimum and maximum values of SEM and MDD were found 1 an 2 bar respectively 

SEM: 2.42, MDD: 6.71 and SEM: 6.09, MDD: 16.89 MVIC%). 

 
Overall Inter-session reliability 

 
Mean (SD) ICC (95% CI) SEM (95% CI) MDD (95% CI) 

At 0 bar: N=18 

CEM-l 
in MVIC% 

15.25 (6.12) 0.40 (0.31 - 0.49) 4.75 (1.70 - 7.79) 13.15 (10.11 - 16.20) 

CEM-r 
in MVIC% 

15.24 (13.87) -0.06 (-0.12 - 0.00) 14.30 (7.40 - 21.20) 39.64 (32.74 - 46.54) 

At 1 bar: N=18 

CEM-l 
in MVIC% 

15.89 (6.56) 0.39 (0.30 - 0.48) 5.12 (1.86 - 8.38) 14.19 (10.93 - 17.45) 

CEM-r 
in MVIC% 

16.42 (16.03) -0.07 (-0.10 - -0.04) 16.55 (8.59 - 24.52) 45.89 (37.92 - 53.86) 

At 2 bar: N=14 

CEM-l 
in MVIC% 

14.65 (5.85) 0.48 (0.27 - 0.69) 4.21 (0.83 - 7.59) 11.66 (8.28 - 15.04) 

CEM-r 
in MVIC% 

16.02 (14.34) -0.04 (-0.12 - 0.04) 14.62 (6.35 - 22.90) 40.53 (32.26 - 48.81) 

Table 13: Inter Session Reliability of measurements of myoelectric activity of cervical extensors muscles. 
(CEM-l and CEM-r) normalized in percentage of the maximally volontary isometric contraction (MVIC%). SD: standard 
deviation, ICC: intraclass correlation coefficient (2,1), z transformed: All ICC’s were Fischer z transformed, the mean 
ICC was calculated and retransformed,  SEM: standard error of measurement, MDD: minimal detecTable difference, 
95% CI: confidence intervall (lower bound – upper bound). SEM and MDD are derivations of the (re-)transformed ICC 
mean. 

 

 
Overall Inter-session reliability 

 
Mean (SD) ICC (95% CI) SEM (95% CI) MDD (95% CI) 

At 1 bar: N=18 

Stiffness 
delta k 

-0.62 (2.92) 0.31 (0.22 - 0.41) 2.42 (0.97 - 3.87) 6.71 (5.25 - 8.16) 

At 2 bar: N=14 

Stiffness 
delta k 

0.21 (7.32) 0.31 (0.20 - 0.42) 6.09 (1.86 - 10.32) 16.89 (12.66 - 21.12) 

Table 14: Inter Session Reliability of measurements stiffness (k) measurements of the cervical spine.  
Delta k represents the length change between cranium and processus spinosis C7 in mm., multiplied by the pressure in 
bar. SD: standard deviation, ICC: intraclass correlation coefficient (2,1), z transformed: All ICC’s were Fischer z 
transformed, the mean ICC was calculated and retransformed, SEM: standard error of measurement, MDD: minimal 
detecTable difference, 95% CI: confidence intervall (lower bound – upper bound). SEM and MDD are derivations of the 
(re-)transformed ICC mean. 
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v_1 v_2 v_3 n0_1 n0_2 n0_3 n15_1 n15_2 n15_3 n30_1 n30_2 n30_3 n45_1 n45_2 n45_3 n60_1 n60_2 n60_3 
Min 
ICC 

max  

ICC 

ICC ≥ 

0.7  in 

n 

ICC  ≥ 

0.7  in 

% 

ICC 
 

Anova P 

At 0 bar N=18 

UTM-l 
0.70 0.63 0.65 0.33 0.06 0.29 0.56 0.58 0.55 0.31* 0.28 0.32 0.37 0.45 0.61 0.34 0.20 0.49 

0.06 0.70 1 6 
0.22 0.18 0.36 0.25 0.30 0.54 0.86 0.72 0.74 0.04 0.11 0.61 0.19 0.39 0.24 0.81 0.42 0.32 

UTM-r 
0.80 0.81 0.83 0.31 0.37 0.74 0.69 0.78 0.77 0.75* 0.46 0.65 0.67 0.48 0.65 0.37 0.67 0.61 

0.31 0.83 7 39 
0.62 0.49 1.00 0.46 0.31 0.26 0.21 0.14 0.71 0.05 0.14 0.91 0.64 0.14 0.63 0.54 0.77 0.42 

At 1 bar: N=18 

UTM-l 
0.58 0.85* 0.58 0.38 0.37 0.66 0.55 0.44 0.61 0.57 0.52 0.27 0.45 0.49 0.51 0.34 0.51 0.46 

0.27 0.85* 1 6 
0.73 0.04 0.22 0.35 0.30 0.42 0.42 0.67 0.94 0.46 0.12 0.15 0.22 0.24 0.57 0.88 0.18 0.77 

UTM-r 
0.83 0.69 0.63 0.68 0.62 0.79 0.66* 0.52 0.69 0.86 0.59 0.45 0.84 0.86 0.59 0.46 0.52 0.80 

0.45 0.86 6 33 
0.48 0.42 0.77 0.70 0.14 0.78 0.04 0.64 0.65 0.62 0.35 0.34 0.45 0.18 0.66 0.99 0.49 0.33 

At 2 bar: N=14 

UTM-l 
0.29 0.52 0.60 0.26 0.29 -0.01 0.08 0.66 0.30 0.12 0.50 0.60 0.54 0.46 0.68 0.39 0.34 0.44 

-0.01 0.68 0 0 
0.64 0.79 0.58 0.36 0.83 0.49 0.88 0.40 0.57 0.57 0.51 0.58 0.39 0.72 0.36 0.39 0.77 0.79 

UTM-r 
0.69 0.25 0.79 0.45 0.40 0.37 0.50 0.48 0.28 0.36 0.42 0.80 0.27 0.52 0.75 0.30 0.44 0.92 

0.25 0.92 4 22 
0.40 0.54 0.89 0.94 0.98 0.40 0.76 0.72 0.82 0.82 0.19 0.83 0.69 0.70 0.37 0.26 0.87 0.32 

At 0 bar: N=18 

SCM-l 
0.95 0.88 0.90 0.77 0.83 0.84 0.91 0.90 0.92 0.89 0.79 0.73 0.80 0.83 0.92 0.93 0.88 0.71 

0.71 0.95 18 100 
0.31 0.82 0.12 0.28 0.99 0.89 0.92 0.16 0.48 0.30 0.14 0.18 0.19 0.45 0.15 0.85 0.30 0.18 

SCM-r 
0.63 0.54 0.26 0.35* 0.48 0.15 0.55 0.46 0.84 0.54* 0.53 0.70 0.73* 0.70* 0.76* 0.39 0.70 0.72 

0.15 0.84 4 22 
0.19 0.20 0.34 0.02 0.05 0.22 0.28 0.13 0.12 0.04 0.06 0.06 0.05 0.03 0.03 0.33 0.16 0.26 

At 1 bar: N=18 

SCM-l 
0.90 0.81 0.57 0.90 0.86 0.79 0.91 0.85 0.71 0.81 0.85 0.84 0.68 0.68 0.77 0.74 0.63 0.52 

0.52 0.91 13 72 
0.41 0.50 0.17 0.50 0.74 0.93 0.62 0.84 0.45 0.27 0.06 0.24 0.24 0.14 0.14 0.08 0.14 0.23 

SCM-r 
0.67 0.42 0.27 0.72 0.67 0.65 0.48* 0.62* 0.68 0.44 0.61* 0.66* 0.54* 0.68* 0.77* 0.42 0.29 0.75* 

0.27 0.77* 3 17 
0.43 0.22 0.06 0.89 0.09 0.59 0.03 0.04 0.18 0.20 0.03 0.03 0.04 0.03 0.05 0.28 0.28 0.03 

At 2 bar: N=14 

SCM-l 
0.85 0.53 0.34 0.70 0.62 0.71 0.76 0.21 0.49 0.77 0.49 0.72 0.69 0.75 0.40 0.65 0.75 0.76 

0.21 0.85 9 50 
0.46 0.22 0.59 0.94 0.43 0.76 0.66 0.57 0.83 0.07 0.16 0.34 0.72 0.69 0.83 0.22 0.46 0.91 

SCM-r 
0.47 0.26 0.39 0.32* 0.57 0.65 0.14 0.74 -0.09 0.29* 0.08* 0.17 0.23 0.27 0.02 0.34 0.33 0.04 

-0.09 0.74 1 6 
0.71 0.79 0.53 0.04 0.33 0.65 0.37 0.83 0.42 0.03 0.03 0.38 0.25 0.08 0.38 0.06 0.18 0.30 

At 0 bar: N=18 
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v_1 v_2 v_3 n0_1 n0_2 n0_3 n15_1 n15_2 n15_3 n30_1 n30_2 n30_3 n45_1 n45_2 n45_3 n60_1 n60_2 n60_3 
Min 
ICC 

max  

ICC 

ICC ≥ 

0.7  in 

n 

ICC  ≥ 

0.7  in 

% 

ICC 
 

Anova P 

CEM-l 
0.70 0.54 0.26 0.29 0.20 0.26 0.38 0.31 0.52 0.34 0.49 0.47 0.32 0.49 0.48 0.53 0.10 0.28 

0.10 0.70 1 6 
0.40 0.95 0.52 0.62 0.84 0.36 0.17 0.12 0.58 0.35 0.63 0.78 0.74 0.74 0.87 0.73 0.65 0.19 

CEM-r 
-0.08 -0.04 -0.14 -0.05 -0.18 -0.16 -0.04 -0.09 -0.05 -0.05 -0.05 -0.05 -0.09 -0.04 -0.11 0.36 -0.17 -0.10 

-0.18 0.36 0 0 
0.42 0.31 0.40 0.35 0.24 0.71 0.42 0.48 0.35 0.25 0.32 0.30 0.43 0.33 0.70 0.87 0.66 0.71 

At 1 bar: N=18 

CEM-l 
0.57 0.64 0.28 0.50 0.22 0.19 0.40 0.35 0.26 0.31 0.36 0.61 0.41 0.60 0.47 0.21 0.24 0.21 

0.19 0.64 0 0 
0.55 0.91 0.31 0.68 0.83 0.69 0.89 0.87 0.79 0.97 0.47 1.00 0.40 0.82 0.55 0.77 0.89 0.50 

CEM-r 
-0.04 -0.07 -0.02 -0.08 0.04 -0.10 -0.14 -0.06 -0.09 -0.09 -0.08 -0.07 -0.06 -0.01 -0.23 -0.08 -0.02 0.01 

-0.23 0.04 0 0 
0.32 0.33 0.23 0.59 0.38 0.34 0.51 0.35 0.39 0.61 0.28 0.21 0.33 0.36 0.67 0.15 0.31 0.25 

At 2 bar: N=14 

CEM-l 
0.55 0.53 0.04 0.84 0.21 0.00 0.50 0.85 0.27 0.35 0.66 0.40 0.45 0.83* 0.41 0.31 0.48 0.18 

0.00 0.85 3 17 
0.13 0.52 0.41 0.28 0.51 0.95 0.47 0.59 0.32 0.18 0.70 0.49 0.98 0.05 0.30 0.92 0.93 0.44 

CEM-r 
-0.05 0.22 -0.09 -0.02 -0.06 -0.20 -0.06 -0.06 -0.06 0.39 -0.04 -0.09 -0.15 -0.09 -0.11 -0.08 -0.05 -0.16 

-0.20 0.39 0 0 
0.47 0.89 0.23 0.39 1.00 0.82 0.52 0.45 0.42 0.71 0.36 0.41 0.83 0.96 0.42 0.43 0.53 0.61 

At 1 bar: N=18 

Stiffness  
0.49* 0.19 0.18 0.33 0.19 0.12 0.24 0.30 0.24 0.29 0.31 0.46 0.52 0.19 -0.08 0.56 0.37 0.57 

-0.08 0.57 0 0 
0.04 0.52 0.13 0.86 0.52 0.88 0.30 0.52 0.17 0.39 0.55 0.19 0.49 0.44 0.54 0.83 0.58 0.94 

At 2 bar: N=14 

Stiffness 
0.53 0.06 0.25 0.25 0.11 0.11 0.33 0.20 0.20 0.38 0.43 0.44 0.57 -0.05 0.30 0.43 0.39 0.46 

-0.05 0.57 0 0 
0.43 0.53 0.21 0.69 0.98 0.80 0.26 0.56 0.35 0.71 0.94 0.40 0.66 0.90 0.15 0.32 0.46 0.70 

Table 15: Inter Session Reliability of measurements of myoelectric activity of M. trapezius descendens (UTM-l and UTM-r), M. sternocleidomastoideus (SCM-l and SCM-r), cervical extensors 
muscles (CEM-l and CEM-r) expressed in MVIC%, and stiffness measurements of the cervical spine expressed in delta k (mm*bar). Part II 
V= before intervention, n0_1 = directly after intervention –first inflation,  Min ICC = lowest ICC value measured, max ICC = the highest ICC value measured, ICC ≥ 0.7 in % = the amount of 
ICC’s exceeding ICC = 0.7 divided by the total amount and multiplied by 100. * = ANOVA p is significant.  
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4.3 The Inter Session Reliability of the trail-means 

Upper trapezoid muscle 

The trial means at day 1 (the mean of three inflations of one trail) of the myoelectric 

activity measurements (MAM) of the left and right upper trapezoid muscles (UTM) were 

compared with the correspondent means at day 2 (6 trails). At rest of the CS the trial 

means (pressure= 0 bar) of MAM for UTM-l and UTM-r were between 8.96 (SD: 13.83) 

and 6.85 (SD: 10.36) MVIC% respectively (Table 16). The ICC’s of the trial means of 

MAM for UTM-l at rest and 1 bar varied between 0.4 and 0.75. At 2 bar the ICC of trial 

means was below 0.4. The ICC’s of the trial means of MAM for UTM-r at rest and 2 bar 

ranged between 0.4 – 0.75. At 1 bar the ICC of trial means exceeds ICC = 0.75 

The percentages of ICC’s for UTM-l exceeding 0.7 at rest, 1 and 2 bar were 17, 17 and 

0% respectively (Table 17). For UTM-r the percentages were 50, 100 and 33%. Best 

and worst values for SEM and MDD for MAM of UTM-l were at 1 and 0 bar respectively 

(ICC: 8.69, MDD: 24.10 and SEM: 9.99, MDD: 27.70 MVID%). For UTM-r these values 

were at 2 bar and 0 bar respectively (SEM: 5.03, MDD: 13.93 and SEM: 5.47, MDD: 

15.16 MVIC%). 

 

 
Overall Inter-session reliability of trial means 

 
Mean (SD) ICC  (95% CI) SEM (95% CI) MDD (95% CI) 

At 0 bar  N=18 

UTM-l 
in MVIC% 

8.96 (13.83) 0.48 (0.36 - 0.60) 9.99 (3.12 - 16.87) 27.70 (20.82 - 34.57) 

UTM-r 
in MVIC% 

6.85 (10.36) 0.72 (0.59 - 0.85) 5.47 (0.32 - 10.62) 15.16 (10.01 - 20.31) 

At 1 bar: N=18 

UTM-l 
in MVIC% 

8.96 (13.54) 0.59 (0.50 - 0.68) 8.69 (1.96 - 15.43) 24.10 (17.36 - 30.83) 

UTM-r 
in MVIC% 

7.08 (11.27) 0.78 (0.70 - 0.87) 5.26 (-0.35 - 10.87) 14.58 (8.97 - 20.18) 

At 2 bar: N=14 

UTM-l 
in MVIC% 

8.56 (11.67) 0.31 (0.25 - 0.37) 9.72 (2.98 - 16.46) 26.94 (20.20 - 33.68) 

UTM-r 
in MVIC% 

6.40 (8.65) 0.66 (0.51 - 0.81) 5.03 (0.03 - 10.02) 13.93 (8.94 - 18.93) 

Table 16: Inter Session Reliability of trial means of measurements of myoelectric activity of M. trapezius descendens I. 
 (UTM-l and UTM-r) normalized in percentage of the maximally volontary isometric contraction (MVIC%). SD: standard 
deviation, ICC: intraclass correlation coefficient (2,1), z transformed: All ICC’s were Fischer z transformed, the mean 
ICC was calculated and retransformed, SEM: standard error of measurement, MDD: minimal detecTable difference, 
95% CI: confidence intervall (lower bound – upper bound). SEM and MDD are derivations of the (re-)transformed ICC 
mean. 

 

Sternocleidomastoid muscle 

All ICC trial means of MAM for SCM-l at rest, 1 bar and 2 bar exceed ICC = 0.75 (Table 

18). ICC trial means of MAM for SCM-r at rest and 1 bar were between 0.40 and 0.75. 

The ICC trial mean of MAM for SCN-r at 2 bar was below 0.40.  All ICC’s (100%) at 



Reliability cervical traction 

32 

rest and 2 bar for SCM-l exceeds 0.70 (Table 19). At 1 bar 83% of the ICC’s were 

above 0.70. For SCM-r the percentage at rest, 1 and 2 bar were 17, 33 and 0% 

respectively. Best and worst values for SEM and MDD for SCM-l were found at 0 bar 

(SEM: 1.97, MDD: 5.45 MVIC%) and 1 bar (SEM: 2.64, MDD: 7.32). For SCM-r these 

values were positioned at 1 bar (SEM: 3.38, MDD: 9.36 MVIC%) and at 2 bar (SEM: 

4.42. MDD: 12.25 MVIC%) 

 

 
Overall Inter-session reliability of trial means 

 
v n0 n15 n30 n45 n60 Min ICC max  ICC 

ICC ≥ 0.7  
in n 

ICC ≥ 0.7  
in % 

 

ICC 

ANOVA (p) 

At 0 bar: N=18 

UTM-l 
in MVIC% 

0.72 0.23 0.59 0.34 0.51 0.38 
0.23 0.72 1 17 

0.18 0.44 0.89 0.14 0.22 0.47 

UTM-r 
in MVIC% 

0.88 0.52 0.77 0.69 0.71 0.63 
0.52 0.88 3 50 

0.59 0.33 0.26 0.20 0.27 0.47 

At 1 bar: N=18 

UTM-l 
in MVIC% 

0.78 0.51 0.56 0.55 0.57 0.50 
0.50 0.78 1 17 

0.35 0.84 0.54 0.13 0.27 0.58 

UTM-r 
in MVIC% 

0.79 0.85 0.70 0.72 0.84 0.74 
0.70 0.85 6 100 

0.81 0.63 0.23 0.33 0.63 0.48 

At 2 bar: N=14 

UTM-l 
in MVIC% 

0.39 0.14 0.27 0.29 0.35 0.38 
0.14 0.39 0 0 

0.63 0.70 1.00 0.56 0.32 0.87 

UTM-r 
in MVIC% 

0.85 0.59 0.71 0.51 0.50 0.68 

0.50 0.85 2 33 
0.33 0.49 0.99 0.30 0.45 0.77 

Table 17: Inter Session Reliability of trial means of measurements of myoelectric activity of M. trapezius descendens II. 
(UTM-l and UTM-r) normalized in percentage of the maximally volontary isometric contraction (MVIC%). V= before 
intervention, n0 = directly after intervention, n15 = 15 minutes after intervention, Min ICC = lowest ICC value measured, 
max ICC = the highest ICC value measured, ICC ≥ 0.7 in % = the amount of ICC’s exceeding ICC = 0.7 divided by the 
total amount and multiplied by 100. * = ANOVA p is significant.  

 

 
Overall Inter-session reliability of trial means 

 
Mean (SD) ICC  (95% CI) SEM (95% CI) MDD (95% CI) 

At 0 bar: N=18 

SCM-l 
in MVIC% 

5.07 (6.58) 0.91 (0.80 - 1.03) 1.97 (-1.31 - 5.24) 5.45 (2.18 - 8.72) 

SCM-r 
in MVIC% 

5.67 (5.98) 0.62 (0.51 - 0.72) 3.70 (0.73 - 6.67) 10.26 (7.28 - 13.23) 

At 1 bar: N=18 

SCM-l 
in MVIC% 

5.29 (6.47) 0.83 (0.73 - 0.94) 2.64 (-0.58 - 5.86) 7.32 (4.10 - 10.53) 

SCM-r 
in MVIC% 

5.80 (5.74) 0.65 (0.54 - 0.77) 3.38 (0.52 - 6.23) 9.36 (6.50 - 12.21) 

At 2 bar: N=14 

SCM-l 
in MVIC% 

5.17 (6.36) 0.83 (0.67 - 0.99) 2.62 (-1.05 - 6.29) 7.25 (3.58 - 10.92) 

SCM-r 
in MVIC% 

5.67 (5.55) 0.37 (0.25 - 0.48) 4.42 (1.21 - 7.62) 12.25 (9.04 - 15.45) 

Table 18: Inter Session Reliability of trial means of measurements of myoelectric activity of M. sternocleidomastoideus I. 
(SCM-l and SCM-r) normalized in percentage of the maximally volontary isometric contraction (MVIC%). SD: standard 
deviation, ICC: intraclass correlation coefficient (2,1), z transformed: All ICC’s were Fischer z transformed, the mean 
ICC was calculated and retransformed, SEM: standard error of measurement, MDD: minimal detecTable difference, 
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95% CI: confidence intervall (lower bound – upper bound). SEM and MDD are derivations of the (re-)transformed ICC 
mean. 

 

 
Overall Inter-session reliability of trial means 

 
v n0 n15 n30 n45 n60 Min ICC max  ICC 

ICC ≥ 0.7 
in n 

ICC ≥ 0.7 
in % 

 
ICC 
ANOVA (p) 

At 0 bar: N=18 

SCM-l 
in MVIC% 

0.94 0.93 0.95 0.82 0.90 0.89 
0.82 0.95 6 100 

0.40 0.47 0.79 0.16 0.16 0.26 

SCM-r 
in MVIC% 

0.58 0.36 0.68 0.60* 0.77* 0.64 
0.36 0.77 1 17 

0.17 0.05 0.15 0.04 0.02 0.20 

At 1 bar: N=18 

SCM-l 
in MVIC% 

0.84 0.87 0.88 0.88 0.78 0.69 
0.69 0.88 5 83 

0.44 0.75 0.80 0.09 0.10 0.09 

SCM-r 
in MVIC% 

0.44 0.81 0.68* 0.64* 0.73* 0.54 

0.44 0.81 2 33 
0.15 0.09 0.03 0.04 0.02 0.14 

At 2 bar: N=14 

SCM-l 
in MVIC% 

0.91 0.89 0.89 0.72 0.74 0.73 
0.72 0.91 6 100 

0.86 0.91 0.85 0.14 0.46 0.44 

SCM-r 
in MVIC% 

0.47 0.59 0.44 0.21* 0.17 0.26 
0.17 0.59 0 0 

0.56 0.14 0.43 0.03 0.13 0.13 

Table 19: Inter Session Reliability of trial means of measurements of myoelectric activity of M. sternocleidomastoideus 
II. 
(SCM-l and SCM-r)normalized in percentage of the maximally volontary isometric contraction (MVIC%). V= before 
intervention, n0 = directly after intervention, n15 = 15 minutes after intervention, Min ICC = lowest ICC value measured, 
max ICC = the highest ICC value measured, ICC ≥ 0.7 in % = the amount of ICC’s exceeding ICC = 0.7 divided by the 
total amount and multiplied by 100. * = ANOVA p is significant.  

 

Cervical extensors 

ICC trial means of MAM of CEM-l at rest, 1 bar and 2 bar ranged between 0.40 and 

0.75 (Table 20). ICC trial means of MAM for CEM-r at all pressure levels were all below 

0.4. None of 24 ICC’s (0 %) of trial means of MAM for CEM-left CEM-r at 0, 1 and 2  

bar exceeds ICC = 0.7 (Table 21). The best SEM (CEM-l at 2 bar) was 8.41 with a 

corresponding MDD of 23.32 and a mean of 15.50 (SD: 11.76) MVIC%. The worst 

SEM (CEM-r at 1 bar) was 32.06 with a MDD of 88.88 and a mean of 16.41 (30.92) 

MVIC%. 

 

Stiffness 

The overall trial means of k-measurements of the cervical spine between the two 

measurement days (6 trails x 3 inflations) during the inflation of the CS (pressure= 1 

bar) was -0.65 (SD: 5.16) at 1 bar and 0.12 (SD 13.20) mm*bar at 2 bar (Table 22). 

This means a reduction of length difference of 0.11 mm at 2 bar. The ICC trial means 

for k-measurements at 1 and 2 bar ranged around ICC = 0.40. No ICC (0%) at 1 or 2 

bar exceeds ICC = 0.7 (Table 23). SEM and MDD were best at 1 bar (SEM: 4.03, 

MDD: 11.16 MVIC%) and worst at 2 bar (SEM: 10.22, MDD: 28.34 MVIC%). 
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Overall Inter-session reliability of trial means 

 
Mean (SD) ICC  (95% CI) SEM (95% CI) MDD (95% CI) 

At 0 bar: N=18 

CEM-l 
in MVIC% 

15.24 (11.74) 0.43 (0.37 - 0.48) 8.90 (3.06 - 14.74) 24.68 (18.84 - 30.52) 

CEM-r 
in MVIC% 

15.24 (27.11) -0.06 (-0.08 - -0.03) 27.86 (14.38 - 41.34) 77.22 (63.74 - 90.69) 

At 1 bar: N=18 

CEM-l 
in MVIC% 

15.89 (12.41) 0.44 (0.35 - 0.53) 9.28 (3.10 - 15.45) 25.71 (19.54 - 31.88) 

CEM-r 
in MVIC% 

16.41 (30.92) -0.08 (-0.09 - -0.06) 32.06 (16.69 - 47.44) 88.88 (73.50 - 104.25) 

At 2 bar: N=14 

CEM-l in 
MVIC% 

15.50 (11.76) 0.49 (0.40  - 0.57) 8.41 (1.62 - 15.20) 23.32 (16.53 - 30.10) 

CEM-r 
in MVIC% 

15.93 (26.86) -0.09 (-0.11 - -0.07) 28.07 (12.56 - 43.59) 77.82 (62.31 - 93.33) 

Table 20: Inter Session Reliability of trial means of measurements of myoelectric activity of cervical extensors muscles I. 
 (CEM-l and CEM-r) normalized in percentage of the maximally volontary isometric contraction (MVIC%). SD: standard 
deviation, ICC: intraclass correlation coefficient (2,1), z transformed: All ICC’s were Fischer z transformed, the mean 
ICC was calculated and retransformed, SEM: standard error of measurement, MDD: minimal detecTable difference, 
95% CI: confidence intervall (lower bound – upper bound). SEM and MDD are derivations of the (re-)transformed ICC 
mean. 

 

 
Overall Inter-session reliability of trial means 

 
v n0 n15 n30 n45 n60 Min ICC max  ICC 

ICC ≥ 0.7  
in n 

ICC ≥ 0.7  
in % 

 
ICC 
ANOVA (p) 

At 0 bar: N=18 

CEM-l 
in MVIC% 

0.56 0.31 0.42 0.45 0.47 0.32 
0.31 0.56 0 0 

0.59 0.90 0.19 0.69 0.92 0.59 

CEM-r 
in MVIC% 

-0.07 -0.11 -0.06 -0.05 -0.08 0.03 
-0.11 0.03 0 0 

0.36 0.35 0.42 0.29 0.38 0.71 

At 1 bar: N=18 

CEM-l 
in MVIC% 

0.55 0.32 0.37 0.53 0.60 0.23 
0.23 0.60 0 0 

0.82 0.88 0.80 0.75 0.91 0.86 

CEM-r 
in MVIC% 

-0.04 -0.08 -0.09 -0.09 -0.10 -0.05 
-0.10 -0.04 0 0 

0.28 0.45 0.40 0.41 0.35 0.24 

At 2 bar: N=14 

CEM-l 
in MVIC% 

0.50 0.37 0.45 0.57 0.63 0.36 
0.36 0.63 0 0 

0.85 0.81 0.19 0.54 0.98 0.86 

CEM-r 
in MVIC% 

-0.10 -0.06 -0.07 -0.07 -0.14 -0.12 
-0.14 -0.06 0 0 

0.31 0.43 0.49 0.36 0.51 0.46 

Table 21: Inter Session Reliability of trial means of measurements of myoelectric activity of cervical extensors muscles 
II.  
(CEM-l and CEM-r) normalized in percentage of the maximally volontary isometric contraction (MVIC%). V= before 
intervention, n0 = directly after intervention, n15 = 15 minutes after intervention, Min ICC = lowest ICC value measured, 
max ICC = the highest ICC value measured, ICC ≥ 0.7 in % = the amount of ICC’s exceeding ICC = 0.7 divided by the 
total amount and multiplied by 100. * = ANOVA p is significant.   
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Overall Inter-session reliability of trial means 

 
Mean (SD) ICC  (95% CI) SEM (95% CI) MDD (95% CI) 

At 1 bar N=18 

Stiffness delta k -0.65 (5.16) 0.39 (0.33 - 0.45) 4.03 (1.46 - 6.59) 11.16 (8.60 - 13.73) 

At 2 bar: N=14 

Stiffness delta k 0.12 (13.20) 0.40 (0.30 - 0.50) 10.22 (2.60 - 17.84) 28.34 (20.72 - 35.96) 

Table 22: Inter Session Reliability of trial means of stiffness (k) measurements of the cervical spine I.  
Delta k represents the length change between cranium and processus spinosis C7 in mm., multiplied by the pressure in 
bar, SD: standard deviation, ICC: intraclass correlation coefficient (2,1), z transformed: All ICC’s were Fischer z 
transformed, the mean ICC was calculated and retransformed, SEM: standard error of measurement, MDD: minimal 
detecTable difference, 95% CI: confidence intervall (lower bound – upper bound). SEM and MDD are derivations of the 
(re-)transformed ICC mean.  

 

 
Overall Inter-session reliability of trial means 

 
v n0 n15 n30 n45 n60 Min ICC max  ICC 

ICC ≥ 0.7  
in n 

ICC ≥ 0.7  
in % 

 
ICC 
ANOVA (p) 

At 1 bar: N=18 

Stiffness delta 
k 

0.46 0.34 0.30 0.45 0.26 0.51 
0.26 0.51 0 0 

0.07 0.69 0.22 0.54 0.73 0.52 

At 2 bar: N=14 

Stiffness delta 
k 

0.56 0.17 0.30 0.39 0.49 0.44 

0.17 0.56 0 0 
0.65 0.75 0.46 0.42 0.65 0.92 

Table 23: Inter Session Reliability of trial means stiffness (k) measurements of the cervical spine II.  
Delta k represents the length change between cranium and processus spinosis C7 in mm., multiplied by the pressure in 
bar. V= before intervention, n0 = directly after intervention, n15 = 15 minutes after intervention, Min ICC = lowest ICC 
value measured, max ICC = the highest ICC value measured, ICC ≥ 0.7 in % = the amount of ICC’s exceeding ICC = 
0.7 divided by the total amount and multiplied by 100. * = ANOVA p is significant.   

 

 Intra Session Reliability) Inter Session Reliability Inter Session Reliability off trial means 

 Min ICC Max ICC Mean ICC (z) Min ICC Max ICC Mean ICC (z) Min ICC Max ICC Mean ICC (z) 

At 1 Bar 

Stiffness 

Poor 

0.23 

Excellent 

0.79 

Poor feasibility 

0.51 (0.43 - 0.60) 

Poor 

-0.08 

Fair to 

Good 

0.57 

not Feasible 

0.31 (0.22 - 0.41) 

Poor 

0.26 

Fair to 

Good 

0.51 

not Feasible 

0.39 (0.33 - 0.45) 

At 2 Bar 

Stiffness 

Poor 

0.35 

Excellent 

0.85 

Poor feasibility 

0.62 (0.53 - 0.70) 

Poor 

-0.05 

Fair to 

Good 

0.57 

not Feasible 

0.31 (0.20 - 0.42) 

Poor 

0.17 

Fair to 

Good 

0.56 

not Feasible 

0.40 (0.30 - 0.50) 

Table 24: Interpretation of intra-session, inter-session and inter-session trial-mean reliability for stiffness.  
Minimal and maximal ICC assessed following Shrout and Fleiss. Mean ICC Fisher z (re-)transformed and assessed 
following Currier. Feasible – poor feasibility – not feasible assessed by the criteria mentioned in the methods section. 
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 Intra Session Reliability) Inter Session Reliability Inter Session Reliability off trial means 

 Min ICC Max ICC Mean ICC (z) Min ICC Max ICC Mean ICC (z) Min ICC Max ICC Mean ICC (z) 

At 0 Bar 

UTM-l 

Excellent 

0.77 

Excellent 

0.93 

feasible 

0.86 (0.84 - 0.88) 

Poor 

0.06 

Fair to 

Good 

0.70 

not Feasible 

0.44 (0.33 - 0.55) 

Poor 

0.23 

Fair to 

Good 

0.72 

not Feasible 

0.48 (0.36 - 0.60) 

UTM-r 

Excellent 

0.79 

Excellent 

0.94 

feasible 

0.85 (0.83 - 0.88) 

Poor 

0.31 

Excellent 

0.83 

Poor feasibility 

0.65 (0.52 - 0.77) 

Fair to 

Good 

0.52 

Excellent 

0.88 

Poor feasibility 

0.72 (0.59 - 0.85) 

At 1 Bar 

UTM-l 

Excellent 

0.75 

Excellent 

0.89 

feasible 

0.85 (0.82 - 0.87) 

Poor 

0.27 

Excellent 

0.85* 

not Feasible 

0.52 (0.42 - 0.62) 

Fair to 

Good 

0.50 

Excellent 

0.78 

Poor feasibility 

0.59 (0.50 - 0.68) 

UTM-r 

Fair to 

Good 

0.57 

Excellent 

0.94 

Poor feasible 

0.85 (0.80 - 0.90) 

Fair to 

Good 

0.45 

Excellent 

0.86 

Poor feasibility 

0.69 (0.56 - 0.83) 

Fair to 

Good 

0.70 

Excellent 

0.85 

Poor feasibility 

0.78 (0.70 - 0.87) 

At 2 Bar 

UTM-l 

Fair to 

Good 

0.57 

Excellent 

0.95 

Poor feasibility 

0.83 (0.77 - 0.89) 

Poor 

-0.01 

Fair to 

Good 

0.68 

not Feasible 

0.39 (0.28 - 0.51) 

Poor 

0.14 

Poor 

0.39 

not Feasible 

0.31 (0.25 - 0.37) 

UTM-r 

Fair to 

Good 

0.43 

Excellent 

0.85 

Poor feasibility 

0.67 (0.59 - 0.75) 

Poor 

0.25 

Excellent 

0.92 

not Feasible 

0.50 (0.38 - 0.62) 

Fair to 

Good 

0.50 

Excellent 

0.85 

Poor feasibility 

0.66 (0.51 - 0.81) 

At 0 Bar 

SCM-l 

Excellent 

0.85 

Excellent 

0.97 

feasible 

0.92 (0.90 - 0.94) 

Fair to 

Good 

0.71 

Excellent 

0.95 

Poor feasibility 

0.86 (0.73 - 0.99) 

Excellent 

0.82 

Excellent 

0.95 

feasible 

0.91 (0.80 - 1.03) 

SCM-r 

Poor 

0.38 

Excellent 

0.95 

Poor feasibility 

0.84 (0.76 - 0.91) 

Poor 

0.15 

Excellent 

0.84 

Poor feasibility 

0.58 (0.45 - 0.72) 

Poor 

0.36 

Excellent 

0.77 

Poor feasibility 

0.62 (0.51 - 0.72) 

At 1 Bar 

SCM-l 

Fair to 

Good 

0.56 

Excellent 

0.93 

Poor feasibility 

0.88 (0.83 - 0.93) 

Fair to 

Good 

0.52 

Excellent 

0.91 

Poor feasibility 

0.79 (0.65 - 0.93) 

Fair to 

Good 

0.69 

Excellent 

0.88 

Poor feasibility 

0.83 (0.73 - 0.94) 

SCM-r 

Fair to 

Good 

0.72 

Excellent 

0.92 

Poor feasibility 

0.86 (0.82 - 0.89) 

Poor 

0.27 

Excellent 

0.77* 

not Feasible 

0.59 (0.48 - 0.70) 

Fair to 

Good 

0.44 

Excellent 

0.81 

Poor feasibility 

0.65 (0.54 - 0.77) 

At 2 Bar 

SCM-l 

Fair to 

Good 

0.61 

Excellent 

0.96 

Poor feasibility 

0.83 (0.76 - 0.90) 

Poor 

0.21 

Excellent 

0.85 

Poor feasibility 

0.65 (0.49 - 0.80) 

Fair to 

Good 

0.72 

Excellent 

0.91 

Poor feasibility 

0.83 (0.67 - 0.99) 

SCM-r 

Poor 

0.17 

Excellent 

0.94 

Poor feasibility 

0.80 (0.68 - 0.92) 

Poor 

-0.09 

Fair to 

Good 

0.74 

not Feasible 

0.31 (0.16 - 0.46) 

Poor 

0.17 

Fair to 

Good 

0.59 

not Feasible 

0.37 (0.25 - 0.48) 

At 0 Bar 

CEM-l 

Excellent 

0.76 

Excellent 

0.91 

feasible 

0.85 (0.82 - 0.87) 

Poor 

0.10 

Fair to 

Good 

0.70 

not Feasible 

0.40 (0.31 - 0.49) 

Poor 

0.31 

Fair to 

Good 

0.56 

not Feasible 

0.43 (0.37 - 0.48) 

CEM-r 

Fair to 

Good 

0.44 

Excellent 

0.99 

Poor feasibility 

0.81 (0.73 - 0.89) 

Poor 

-0.18 

Poor 

0.36 

not Feasible 

-0.06 (-0.12 - 0.00) 

Poor 

-0.11 

Poor 

0.03 

not Feasible 

-0.06 (-0.08 - -

0.03) 
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 Intra Session Reliability) Inter Session Reliability Inter Session Reliability off trial means 

 Min ICC Max ICC Mean ICC (z) Min ICC Max ICC Mean ICC (z) Min ICC Max ICC Mean ICC (z) 

At 1 Bar 

CEM-l 

Fair to 

Good 

0.65 

Excellent 

0.97 

Poor feasibility 

0.81 (0.76 - 0.85) 

Poor 

0.19 

Fair to 

Good 

0.64 

not Feasible 

0.39 (0.30 - 0.48) 

Poor 

0.23 

Fair to 

Good 

0.60 

not Feasible 

0.44 (0.35 - 0.53) 

CEM-r 

Poor 

0.07 

Excellent 

0.91 

Poor feasibility 

0.61 (0.48 - 0.74) 

Poor 

-0.23 

Poor 

0.04 

not Feasible 

-0.07 (-0.10 - -0.04) 

Poor 

-0.10 

Poor 

-0.04 

not Feasible 

-0.08 (-0.09 - -

0.06) 

At 2 Bar 

CEM-l 

Fair to 

Good 

0.54 

Excellent 

0.92 

Poor feasibility 

0.77 (0.70 - 0.84) 

Poor 

0.00 

Excellent 

0.85 

Poor feasibility 

0.48 (0.27 - 0.69) 

Poor 

0.36 

Fair to 

Good 

0.63 

not Feasible 

0.49 (0.40  - 

0.57) 

CEM-r 

Poor 

0.18 

Excellent 

0.95 

Poor feasibility 

0.70 (0.54 - 0.86) 

Poor 

-0.20 

Poor 

0.39 

not Feasible 

-0.04 (-0.12 - 0.04) 

Poor 

-0.14 

Poor 

-0.06 

not Feasible 

-0.09 (-0.11 - -

0.07) 

Table 25: Interpretation of intra-session inter-session and inter-session trial-mean reliability for UTM-l, UTM-r, SCM-l, 
SCM-r, CEM-l, CEM-r.  
Minimal and maximal ICC assessed following Shrout and Fleiss (1979). Mean ICC Fisher z (re-) transformed and 
assessed following Currier. Feasible – poor feasibility – not feasible assessed by the criteria mentioned in the methods 
section. 
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5 DISCUSSION 

The first hypothesis of this study was, that the intra- and inter-session-instrument relia-

bility of stiffness measurements of the cervical spine by TrakSTAR™ and instrumented 

Cervical Stretcher during cervical traction, at a pressure of 1 and 2 bar, would be relia-

ble and feasible. The results showed poor to excellent reliability for intra-session 

measurements at 1 and 2 bar and poor to fair and good reliability for both intersession 

measurements. These results suggest that intra-session stiffness measurements, as 

performed in this study, had poor feasible reliability (as defined in the methods section) 

for the main study. Both inter-session-settings did not meet the feasibility criteria (Table 

24). 

The second hypothesis of this study was that intra- and inter-session-instrument test-

retest reliability of myoelectric activity measurements by surface electromyography of 

the upper trapezoid muscle, the sternocleidomastoid muscle and the cervical extensors 

before and during cervical traction at a pressure of 0, 1 and 2 bar would be reliable and 

feasible.  

Upper Trapezoid Muscle 

The results revealed excellent intra-session-reliability for MAM of UTM-l and UTM-r at 

rest and UTM-l at 1 bar indicating feasible reliability. UTM-r at 1 bar and UTM-l and 

UTM-r at 2 bar ranged “fair to good” – to excellent indicating poor feasibility according 

to the criteria.   

The inter-session-reliability ranged from poor to excellent indicating no feasible reliabil-

ity for UTM-l and poor feasibility for UTM-r at rest. At 1 Bar ICC’s varied from poor to 

excellent with poor feasible reliability with exception of UTM-l single measurements 

(not feasible). At 2 bar reliability ranged from poor to excellent indicating no feasibility. 

Only the trial means of UTM-r met the criteria of this study (poor feasibility) (Table 25). 

Sternocleidomastoid Muscle 

Intra-session ICC’s of MAM for SCM-l at rest ranged > 0.7 indicating excellent reliability 

and feasibility. All other ICC’s at 0, 1 and 2 bar for SCM-l and SCM-r ranged from poor 

to excellent with Fisher z (re-) transformed means > 0.75 indicating poor feasibility ac-

cording to the criteria of this study.  
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The inter-session-reliability for single measurements for SCM-l at rest, 1 and 2 bar 

ranged poor to excellent with poor feasibility. Inter-session-reliability of the means of 

SCM-l increased the reliability by increasing the minimal value of single measurements 

0.11, changing poor feasibility for single measurements into feasible reliability. SCM-r 

values at rest were poor feasible. At 1 and 2 bar SCM-r values for single measure-

ments were not feasible, however measurements with trials means showed poor feasi-

bility at 1 bar (Table 25). 

Cervical Extensors  

Intra-session ICC’s of MAM for CEM-l at rest showed excellent results (All ICC’s > 

0.75) and feasibility. At all other pressure levels ICC’s for CEM-l and CEM-r varied poor 

to excellent indicating poor feasibility. 

The inter-session reliability both for single measurements and trials means for CEM-l 

and CEM-r at all pressure levels was poor, indicating no feasible reliability (Table 25). 

Overall, intra-session test-retest instrument reliability of stiffness and myoelectric activ-

ity measurements were more reliable than inter-session measurements. Inter-session 

reliability for trial means was slightly more reliable than single measurements. Intra-

session and inter-session reliability of MAM showed higher ICC mean values at the left 

side, except for UTM inter-session and inter-session trial mean values. And measure-

ments at 2 bar were less reliable as measurements at rest or 1 bar with exception for 

CEM-l and stiffness.  

Veiersted (1991) stated that replacing of the electrodes during EMG measurements of 

UTM introduces additional sources of test-retest variance. Even intended to be identi-

cally positioned, changes in the location of electrodes of 15 mm resulted in a 50% in-

crease in EMG-amplitude during a submaximal isometric contraction (Veiersted, 1991). 

To avoid inter-tester variance, the same researcher applied the electrodes in accord-

ance with the European guidelines of the SENIAM project (Surface ElectroMyoGraphy 

for the Non-Invasive Assessment of Muscles) after practising the EMG - setting ap-

proximately forty times. Nevertheless slight deviations of the electrode placement can-

not be ruled out. Other sources of test-retest variance could be the outcome variable, 

posture and additional movements, load and duration of the reference contraction, sig-

nal processing and number of repetitions of the normalization (Mathiassen et al., 1995).  

Intersession reliability of trial means was slightly higher as inter-session reliability of 

single measurements. The between error term of single measurements varied more 
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than the error term of trial means resulting in higher ICC-values, as reliability is the ratio 

of true variance and true variance and error (Weir, 2005).  

With exception of MAM for UTM all ICC’s for MAM showed higher values at the left 

body side. This phenomenon might be attributed to the inflation of the Cervical 

Stretcher by the hand bulb pump. All participants inflated with the right hand. Although 

the left and right underarm of the subjects were positioned on the thighs to avoid co-

contractions during the inflation of the CS, cross-talking of myoelectric signals and 

therefore more variance of MAM at the right body side couldn’t be ruled out. On some 

occasions subjects visually moved the head rhythmically in forward and lateral left di-

rection close to the maximal inflation of the CS following the beat of the metronome. 

This might be an explanation of lower ICC-values of SCM-r and UTM-l at various pres-

sure levels even in the initial phase of inflation of the CS.  

The lower values of ICC’s at 2 bar might be contributed to the fact that subjective 

maximal pressure in 4 subjects was reached below 2 bar. With n=14 more variance of 

MAM was likely. CEM-l and especially CEM-r showed low ICC-values at 1 and 2 Bar. 

The cervical stretcher cradle made contact with the CEM EMG electrodes at rest and 

during inflation might explain the overall lower ICC values. Interestingly the Fisher z 

(re-)transformed intra-session ICC means of CEM-l and CEM-r at rest were excellent 

(0.85 – 0.81). The intersession ICC means for especially CEM-r however decreased 

dramatic which might be explained by cross-talk of UTM-r. 

Since, to our knowledge, this is the first study assessing instrument reliability of MAM 

and stiffness during a cervical traction setting, results cannot be compared with 

previous studies.  Snodgrass, Rivett, & Robertson (2008) designed and tested a new 

device for measuring anterior posterior stiffness of the cervical spine in 67 subjects at 

level C2 and C7. The reliability of repeated measurements of both levels combined 

without excluding the outliers was ICC 2,1: 0.75 (95%CI: 0.62–0.84). In this study ICC 2,1 

mean of 0.51 (0.43 - 0.60) at 1 Bar and 0.62 (0.53 - 0.70) at 2 bar was found, without 

excluding the outliers in an intra-session setting.  Comparisons of SEM were not 

possible, since this study used the unit bar and mm instead of Newton and mm. A 

major problem of stiffness measurements in this study was the decrease of length 

between cranium and C7 as measured by the TrakSTAR™ electrodes. Post hoc 

analysis showed that during traction by the cervical traction an extension (elevation of 

the upper electrode) occurred. Post hoc analysis showed 2.4° (SD: 2.78) and 3.1° (SD: 

3.0) extension increase during traction at 1 and 2 bar during intra-session. The 

reliability of measurements for elevation were ICC mean: 0.65 (95% CI: 0.55 - 0.75), 
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SEM: 1.61° (95%CI: 0.25 2.97), MDD: 4.46° (95%CI: 3.11 - 5.82) at 1 bar and ICC 

mean: 0.78 (95%CI: 0.76 - 0.81), SEM: 1.46° (95% CI: -0.10 - 3.02), MDD: 4.05° 

(95%CI: 2.49 - 5.60) at 2 Bar indicating “fair to good” and excellent reliability and poor 

feasibility according the criteria mentioned in the method section.  A positive value of 

elevation measurements indicates extension, reducing the distance between cranium 

and C7 and therefore reducing the reliability and validity of stiffness measurements 

during cervical traction applied by the Cervical Stretcher.  

Common sources for influencing test retest reliability in EMG studies using the same or 

different electrodes were discussed in the study of Mathiassen et al. (1995). In this 

study an additional source for imprecision was the hand bulb pump of the Cervical 

Stretcher provoking additional movements, co-contractions and possible cross-talk. 

This problem could be addressed by inflating the CS mechanically and continuously. 

Moreover co-contractions and visual inspection (causing movements of the head) of 

the hand bulb pump by the subjects could be avoided. To increase the reliability of 

MAM for CEM, cut outs of the cradle of the Cervical Stretcher might be considered. A 

major source for imprecision during stiffness measurements was the presence of addi-

tional extension. The main reason for this was insufficient opportunities to adapt the 

cervical stretcher to address this problem. Adaptation of the chin pad of CS is possible 

in anterior posterior direction addressing forward head position. Flexion of the cervical 

spine can be adjusted by different sizes of chest pads of CS. One problem is that the 

centre of traction by CS is mostly anterior of the axis of the cervical spine. This problem 

could be addressed by adjusTable chin pads in caudal – cranial direction and different 

sizes of the cradle of CS and a stiffer guidance plate of the cushions of CS (provoking 

cushion expansion more posterior). Modification of the addressed issues might in-

crease the feasibility of the main study.  

This study proposed a cut off procedure for feasibility for the main study as presented 

in the methods section. With the multiplicity of outcomes and correlation coefficients, 

Fisher z transformed means and standard deviation were considered as well as the 

range of single ICC’s for each item. The reason for this was, to create a middle zone 

for feasibility (classified as poor feasibility) to critically reconsider the setting of 

measurements. For example: intra-class test-retest instrument reliability of MAM for 

SCM-l showed an ICC mean of 0.88. Guidelines would classify this result as excellent 

(Shrout and Fleiss, 1979), or almost perfect (Zegers et al., 2010), neglecting that the 

minimum ICC value of this mean was 0.56, indicating at least one sample as not 

feasible. The other way around some items with means below 0.7 would be classified 
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as not feasible although one or more single ICC’s were above 0.80 (UTM-r during inter-

session reliability at 1 bar) neglecting the potential to be feasible through modification 

of the protocol in the main study. 

Another controversial issue about the use of correlation coefficients is its clinical ap-

plicability (Kottner et al., 2011). Is feasibility as defined in this study clinical applicable? 

The best ICC mean value (0.92) was found at rest during intra-session reliability MAM 

for SCM-l.  The corresponding minimal detecTable change was 2.76 (95%CI: 2.73 - 

2.78) MVIC% with a MA mean of 5.26 (SD: 3.78), indicating a good potential to meas-

ure clinical important differences in MA. However distinctive capability of inter-session 

MAM for SCM-r at rest (ICC mean: 0.58; classified as poor feasible) showed a MDD of 

5.65 (4.08 - 7.22) MVIC% with a mean MA value of 5.68 (SD: 3.16). Whether the 

maximum difference in absolute reliability of the maximum and minimum feasible MDD 

for MAM in this study is clinically important, remains unclear. For intra session stiffness 

the maximum (worst) feasible value of MDD was 12.55 (95%CI: 12.46 - 12.63) mm. at 

2 bar (n=14). Judovich (1952) and Fater et al. (2008) as mentioned in the introduction 

section found significant changes in vertebral separation during traction of 5 mm and 

3.9 mm respectively. The clinical relevance of the results of the studies above is 

unclear. When assumed clinically relevant, SEM and MDD values for stiffness 

measurements found in this study would be insufficient to detect these differences and 

cut offs in this study have to be reconsidered. 

Establishing the reliability and feasibility of MA and stiffness measurements during cer-

vical traction as performed in this study is meaningless for implications for validity 

(Streiner, and Norman, 2008). Also the comparisons between this study and other 

studies as performed above, lack validity components especially for stiffness measure-

ments. Whether changes in length measured by TrakSTAR™ electrodes at the 

cranium and the skin at the processus spinosus of C7 represent vertebral separation is 

unknown. Whether certain pressure levels, as measured by the instrumented Cervical 

Stretcher, produce vertebral separation is unknown. Whether the change of MA at a 

certain pressure level is a valid measurement is unknown. 

The strength of this study lies in the measurements of MAM and stiffness on a rational 

scale and the fact that this is the first study assessing instrument reliability during cervi-

cal traction. Another strength is the simultaneous assessment of myoelectric activity 

and stiffness. Limitations of this study are the limited possibility of generalization 

(external validity) of the results. The study population was healthy, young and mainly 

female which might affect stiffness and muscle activity measurements (Mebes et al., 
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2008). The CS application provokes tempo-mandibular stress and additional extension 

(elevation). The measurement procedure is time-consuming. Furthermore the dangers 

of over-generalization of interpretations of the results associated with the multiplicity of 

analyses and outcomes presented in this study must be considered. The validity of 

stiffness and MA measurements during traction by pneumatic devices as performed in 

this study is unknown. 

Future research on reliability during mechanical cervical traction should concentrate on:  

(1) avoiding cross talk by reason of additional movements of the subjects 

(2) continuous inflation of pneumatic devices or continuous increase of the pulling 

force in mechanical devices  

(3) exact direction of the cervical traction force 

(4) precise placement of surface EMG- electrodes  

(5) development and assessment of pneumatic or mechanical devices which address 

1-4. 

(6) development of inter-session reliability settings to improve instrument reliability 

(7) instrument reliability studies of MA and stiffness in symptomatic subjects in intra-

session settings. 

(8) assessing minimal clinically important differences for myoelectric activity and stiff-

ness in symptomatic subjects during cervical traction settings. 

(9) assessing the validity for MA and stiffness measurements during traction by pneu-

matic devices. 
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6 CONCLUSION 

Intra-session instrument test-retest reliability during cervical traction performed by Cer-

vical Stretcher showed poor to excellent results for MAM indicating feasibility and poor 

feasibility. k- Measurements showed poor feasibility. Modification of the protocols of all 

muscles at 2 bar, all muscles at 1 bar except UTM-l, and SCM-r and CEM-r at o and 

stiffness at 1 and 2 bar is strongly recommended. 

Inter-session instrument test-retest reliability showed poor feasibility for SCM-l at all p-

levels, UTM-r at 0 and 1 bar and CEM-l at 2 bar. All other intersession MA measure-

ments and k- measurements were not feasible, showing insufficient reliability according 

to the criteria as mentioned in the methods section. The inter-session test-retest relia-

bility improved after using trial means. The increase of the means of all ICC’s resulted 

in changed poor feasibility for UTM-r at 2 bar, and SCM-r at 1 bar and feasibility of 

SCM-l at 0 bar. For inter-session reliability the use of trial means is recommended. No 

modification of protocol is recommended for SCM-l at 0 bar. MAM of UTM-l at 0 and 2 

bar, SCM-r at 2 bar, and CEM-l and CEM-r at all pressure levels were not feasible 

showing poor to “fair and good” ICC trails means. All other measurements including 

stiffness measurements at 1 and 2 bar were “poor feasible”, resulting in a strong rec-

ommendation of modification of the protocol.  

Over-generalization of interpretations of the results associated with the multiplicity of 

analyses and outcomes presented in this study must be considered.  
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11 APPENDIX 

11.1 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 

verschiedenen Traktionsmethoden (kontinuierlich und intermittierend) 

hervorgerufen? 
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 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. 

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 
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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 

therapeutischer und ärztlicher Sicht soweit als unbedenklich und weitgehend effektiv 

(Dr. med. Wallimann, FMH Innere Medizin, Nottwil und Andrea Britschgi, dipl. 

Physiotherapeutin, Zug). 
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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 

  

mailto:hjhabers@sunrise.ch
mailto:lorenz.radlinger@bfh.ch
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11.2 Approval cantonal ethics commission 
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11.3 Overview treatment parameters 

Studies focusing on cervical traction:  
Author Int./Cont./

Man. 
Intensity Time Sit/Supi

ne 
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%  

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 
reassessment 

 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 
 

Constantoy
annis 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 
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Author Int./Cont./
Man. 

Intensity Time Sit/Supi
ne 

Neck 
Flexion 

Cycle Rest i
n
c
r
. 

Hold  d
e
c
r
. 

Frequency Total Conclusion 

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, 
2001; cited 
in Graham 

cont. 1.5-2.5 kg 30-60 Sit ?      1-3x/day  10 days RCT: n.s. on pain in neck 
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, 
Marchetti, 
2001 

Int. 
Guidelines 
Erhard 
1996 

18 or 30 
lbs. (8.2 or 
13.6 kg)  

15-20 supine ? 24 or 
40  

6 or 10  18 or 
30 

  Range 3-23 
Session 

Better results when 
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 
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Author Int./Cont./
Man. 

Intensity Time Sit/Supi
ne 

Neck 
Flexion 

Cycle Rest i
n
c
r
. 

Hold  d
e
c
r
. 

Frequency Total Conclusion 

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 
al., 2007 

cont. 8 psi 20 ? ?      3-5x/week 4-5 weeks clinical and radiographic 
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 

 

 



Reliability cervical traction 

65 

Author Int./Cont./
Man. 

Intensity Time Sit/Supi
ne 

Neck 
Flexion 

Cycle Rest i
n
c
r
. 

Hold  d
e
c
r
. 

Frequency Total Conclusion 

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  

Zylbergold, 
and Piper, 
1988 

Cont. / 
Int./ 
Manual 

25 pound 
11.3 kg  

15 supine 25°  
20 
20 
pulls 

 
10 

  
10 

 2x/day 6 weeks Rom int./cont. better (s), Pain int. 
better (s)  in radiculopathy 
(majority disc disease) 

n.s.= not significant, (s)= significant, Cont.= Continuous,  Int.= Intermittent, Man.= Manual, incr.= increase time, decr.= Decrease time, ?= 
missing data 
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