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Magnitude, validity and responsiveness of  
dynamometer measured neck retraction strength 
in patients referred with neck pain to out-patient 
physical therapy
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Abstract.	 [Purpose] The magnitude, validity, and reliability of dynamometer measures of neck retraction 
strength have been reported but not for individuals referred with neck complaints to physical therapy. The purpose 
of this study, therefore, was to describe neck retraction strength and its responsiveness and validity as a correlate 
of neck pain and disability among patients referred for physical therapy. [Participant and Methods] Twenty-six con-
secutive patients referred with neck pain participated. Their neck retraction strength was measured with a handheld 
dynamometer using a standardized procedure. Neck pain and disability were quantified using a numeric pain rating 
scale and the Neck Disability Index, respectively. [Results] Measurements of neck retraction strength increased sig-
nificantly over the episode of care from 76.5 N to 119.5 N (standardized response mean=1.57 N). The correlation of 
retraction strength with neck pain was significant (rs=−0.550); however, the correlation between retraction strength 
and Neck Disability Index scores was not significant (rs=0.155). [Conclusion] Neck retraction strength measured 
with a hand-held dynamometer was informative and responsive for patients treated with neck pain. Retraction 
strength was correlated significantly with neck pain but not neck disability. This apparent inconsistency warrants 
further investigation.
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INTRODUCTION

Neck pain is a highly prevalent cause of physical disability1, 2). Dysfunctions of the cervical muscles3), particularly those 
that retract the neck and reduce forward head posture have been identified as related to underlying neck pain4). The magni-
tude, validity, and reliability of dynamometer measures of neck retraction strength have been reported but not for individuals 
referred to physical therapy (PT)5). The purpose of this pragmatic study, therefore, was to describe neck retraction strength 
and its responsiveness and validity as a correlate of neck pain and disability among patients referred for PT.

PARTICIPANTS AND METHODS

This was a multicenter, registered clinical trial (NCT04334655), approved by the institutional review boards of Campbell 
University and the University of Tennessee-Chattanooga. All participants were referred consecutively between February and 
December of 2020 to 1 of 4 PT outpatient sites for neck pain. All participants provided written informed consent. A sample 
size of 3 was determined as necessary based on a paired samples t-test analysis and an assumed mean (standard deviation) 
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change of 35 (7) N in neck retraction strength (alpha=0.05, power=0.80). Based on possible differences in the study sample 
and in attrition, we enrolled 26 participants, of whom 21 were available for testing on admission and at discharge. The 5 
participants who had incomplete data were discarded. Although all participants had neck pain, their therapist designated 
diagnoses fell into 3 categories6): mobility deficits (n=15), headache (n=5), and radicular pain (n=6). Thirteen participants 
were males and 13 were females. Participants ranged from 21 to 82 years of age, 1.5 to 1.9 meters of stature, and 49.9 to 
102.0 kg of body mass. Their episodes of care averaged 26.4 days.

The primary measure of interest in this study was neck retraction force. It was measured as described previously with 
participants supine5), the dynamometer endplate placed by the therapist under the occiput of the skull, and the dynamometer 
zeroed by the therapist to negate the weight of the head and neck. Unlike the previous study, however, the position of the 
handheld dynamometer (HHD) was not adjusted to accommodate the degree of patients’ forward head (Fig. 1).

Prior to data collection participating PTs was given written instructions and a video on how to use the HHD and perform 
the strength assessment. They were also given an opportunity to ask questions. After the start of the study, monthly calls to 
PTs were executed by the primary investigator to determine if any questions or problems had arisen. The average of 2 trials 
was used in all initial and final strength analysis. Secondary measures, (e.g., the numerical pain rating scale (NPRS) and the 
Neck Disability Index (NDI)), were used to characterize neck pain and disability7, 8).

Following the calculation of basic descriptive statistics and paired t-tests, the standardized response mean (SRM) was 
used to describe the responsiveness of neck retraction forces over the episode of care in patients receiving therapy for neck 
pain. Convergent validity was examined by calculating Spearman correlations (rs) between baseline neck retraction force and 
NPRS and NDI scores.

RESULTS

Table 1 summarizes neck retraction forces and measures of neck pain and disability. Paired t-tests showed all measures 
improved significantly (p<0.001) between the initial and final visit of the episode of care. A high SRM of 1.57 N showed 
neck retraction strength to increase meaningfully over time. On the initial visit, neck retraction strength was correlated 
significantly with neck pain (rs=−0.550) but not neck disability (rs=−0.049) (Table 2).

Fig. 1.	 Photograph of hand-held dynamometer being used to measure neck retraction strength. On the left the head is resting on the 
dynamometer. On the right the neck retraction force is being actively measured with the dynamometer.

Table 1.	 Measurements of neck status obtained at initial examination and discharge

Measure
Initial examination Discharge examination Difference

Mean (SD) Mean (SD) Mean (T)
Neck retraction force (N) 76.5 (53.2) 119.5 (47.2) 35.7 (−7.2)
Numerical pain rating (n) 5.4 (2.2) 1.8 (1.9) 3.1 (2.2)
Neck Disability Index (%) 33.2 (17.7) 16.6 (15.3) 16.6 (4.4)
N: Newtons; n: number (0–10); T: t-test value, 26 patients were measured initially and 21 were 
measured at discharge. The difference is for the 21 patients who were measured initially and at 
discharge. All measures obtained initially and at discharge improved significantly (p<0.001).
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DISCUSSION

Research has previously shown that neck retraction strength can be measured with a HHD in adults without neck pain5). 
The present study demonstrated that neck retraction strength can be measured using a similar procedure in patients with neck 
pain. Notable is that the patients in the current study had a baseline neck retraction force of 76.5 N, which is considerably less 
than the average of 166.7 N reported previously for pain-free individuals5). Moreover, neck retraction strength increased over 
time in the present study while it remained essentially stable in the previous study of pain free individuals5). That this change 
was significant and accompanied by a large, SRM speaks to the responsiveness of the measure.

Significant changes in neck retraction strength over time were accompanied by significant changes in neck pain and 
disability. This point notwithstanding, retraction strength was correlated with pain but not disability. This warrants further 
investigation as pain and disability, as measured in this study were not correlated significantly (rs=0.155). They were cor-
related significantly (r=0.52 and r=0.55) in a sample of participants with neck pain studied by Fejer and Hartvigsen9).

This study had several limitations. First, 5 of the initial 21 participants did not have discharge data secondary to missing 
their follow-up appointment because of COVID and other reasons and were not included in the data analysis. This limited 
the sample size analyzed across time. Second, patients had different neck pain diagnoses. Third, the participants were from 
4 sites and were treated by therapists using their best judgment of intervention rather than a standardized protocol. This may 
have affected the results. Still, the focus was on neck retraction strength, not treatment effectiveness, per se.

In conclusion, this study showed that neck retraction strength measured with a hand-held dynamometer is possible in a 
clinical setting and is responsive and valid relative to neck pain in patients referred to PT for neck problems.

Conflict of interest
None.

ACKNOWLEDGEMENTS

The author would like to thank Bradley Myers for his assistance with the conception of this study as well as Michael 
Srokowski, Christopher Edmundson, Sean Nixon, Max Jordon, and Jason Myerson for collecting the participant data.

REFERENCES

1)	 Côté P, Cassidy JD, Carroll L: The factors associated with neck pain and its related disability in the Saskatchewan population. Spine, 2000, 25: 1109–1117. 
[Medline]  [CrossRef] 

2)	 Voss T, Barber R, Bell B, et al. Global Burden of Disease Study 2013 Collaborators: Global, regional, and national incidence, prevalence, and years lived with 
disability for 301 acute and chronic diseases and injuries in 188 countries, 1990–2013: a systematic analysis for the Global Burden of Disease Study 2013. 
Lancet, 2015, 386: 743–800. [Medline]  [CrossRef] 

3)	 Lin IH, Chang KH, Liou TH, et al.: Progressive shoulder-neck exercise on cervical muscle functions in middle-aged and senior patients with chronic neck pain. 
Eur J Phys Rehabil Med, 2018, 54: 13–21. [Medline]  [CrossRef] 

4)	 McKenzie R: Treat your own neck. Wellington: McKenzie Global, 2011.
5)	 Tudini F, Myers B, Bohannon R: Reliability and validity of measurements of cervical retraction strength obtained with a hand-held dynamometer. J Manual 

Manip Ther, 2019, 27: 222–228. [Medline]  [CrossRef] 
6)	 Blanpied PR, Gross AR, Elliott JM, et al.: Neck pain: revision 2017. J Orthop Sports Phys Ther, 2017, 47: A1–A83. [Medline]  [CrossRef] 
7)	 Cleland JA, Childs JD, Whitman JM: Psychometric properties of the Neck Disability Index and Numeric Pain Rating Scale in patients with mechanical neck 

pain. Arch Phys Med Rehabil, 2008, 89: 69–74. [Medline]  [CrossRef] 
8)	 Young IA, Dunning J, Butts R, et al.: Reliability, construct validity, and responsiveness of the neck disability index and numeric pain rating scale in patients 

with mechanical neck pain without upper extremity symptoms. Physiother Theory Pract, 2019, 35: 1328–1335. [Medline]  [CrossRef] 
9)	 Fejer R, Hartvigsen J: Neck pain and disability due to neck pain: what is the relation? Eur Spine J, 2008, 17: 80–88. [Medline]  [CrossRef] 

Table 2.	 Spearman correlations (and associated p-values) between neck retraction force and two measures of neck status

Numerical pain rating Neck Disability Index
Retraction force −0.550 (0.004) −0.049 (0.812)
Numerical pain rating 0.155 (0.448)

http://www.ncbi.nlm.nih.gov/pubmed/10788856?dopt=Abstract
http://dx.doi.org/10.1097/00007632-200005010-00012
http://www.ncbi.nlm.nih.gov/pubmed/26063472?dopt=Abstract
http://dx.doi.org/10.1016/S0140-6736(15)60692-4
http://www.ncbi.nlm.nih.gov/pubmed/28714658?dopt=Abstract
http://dx.doi.org/10.23736/S1973-9087.17.04658-5
http://www.ncbi.nlm.nih.gov/pubmed/30935321?dopt=Abstract
http://dx.doi.org/10.1080/10669817.2019.1586167
http://www.ncbi.nlm.nih.gov/pubmed/28666405?dopt=Abstract
http://dx.doi.org/10.2519/jospt.2017.0302
http://www.ncbi.nlm.nih.gov/pubmed/18164333?dopt=Abstract
http://dx.doi.org/10.1016/j.apmr.2007.08.126
http://www.ncbi.nlm.nih.gov/pubmed/29856244?dopt=Abstract
http://dx.doi.org/10.1080/09593985.2018.1471763
http://www.ncbi.nlm.nih.gov/pubmed/17955268?dopt=Abstract
http://dx.doi.org/10.1007/s00586-007-0521-9

