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Abstract
Objectives: Chronic neck pain is known to be associated with neck muscle weakness.
However, many strengthening programs do not target multi-directional weakness in
a functional position. Specialised assessment and treatment technology that is able
to strengthen the neck muscles in an upright position may be used to achieve this.
There is little research available on the efficacy of neck-specific progressive resistance exercise interventions in patients with chronic neck pain; therefore, this study
aimed to determine whether this style of program led to a change in pain and disability, and to investigate the relationship between neck strength, pain and disability.
Methods: Secondary analysis of participants with chronic neck pain who completed a
minimum of nine sessions of a neck-specific progressive resistance program at a
physiotherapy clinic between the years of 2002 and 2018. Outcomes were the Neck
Disability Index (NDI), Numerical Rating Scale of Pain (NRS) and multi-directional
neck strength (flexion, extension and lateral flexion – pounds). Data were analysed
through paired samples t-tests and backwards stepwise multiple linear regression
models.
Results: A total of 127 participants were eligible for inclusion. All neck strength measures, NDI scores and NRS scores showed significant improvements after the nine
sessions (all p < .0001). Significant predictors of NDI were symptom duration (β =
−0.023, p = .009) and NRS score (β = 4.879, p < .000). Significant predictors of NRS
were symptom duration (β = 0.004, p = .005), NDI score (β = 0.105, p < .000), extension strength (β = −0.950, p = .012) and gender (β = 0.777 [male =1,
female = 0], p = .029).
Conclusion: This study showed that a neck-specific progressive resistance exercise
intervention led to significant improvement in neck strength, pain and disability in a
clinical population. However, caution should be taken when interpreting results due
to a lack of comparison group and the variation in treatment given and, therefore,
further higher-quality research should be undertaken to confirm these findings.
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I N T RO DU CT I O N

surrounding the efficacy of solely utilising neck-specific progressive
resistance exercise programs in chronic neck pain.

Chronic neck pain is defined as a pain exceeding a duration of

An alternate method for strengthening the neck muscles is

3 months and is characterised by intermittent remissions and varying

through utilising specialised technology to provide objective measure-

degrees of functional recovery (Monticone et al., 2013). It is estimated

ments of isometric strength. The Multi-Cervical Unit (MCU) is a piece

that neck pain has a worldwide mean lifetime prevalence in the adult

of exercise equipment that can strengthen the neck in a functional

population of 48.5% (Fejer, Kyvik, & Hartvigsen, 2006). Pain and dis-

upright position, whereas other programs do not provide this initially.

ability associated with chronic neck pain account for 2.5% of the total

In a study of the application of progressive resistance training in an

years lost to disability in Australia (Institute for Health Metrics and

upright position, Keating et al. (2005) identified that 55.6% of partici-

Evaluation (IHME), 2017).

pants responded to the program. However, Keating et al. (2005) did

Patients with chronic neck pain commonly present with neck

not identify the extent to which the program changed participants'

muscle weakness (Tolentino et al., 2018). Lindstrøm, Schomacher,

pain, disability or strength. The aim of this study is to determine

Farina, Rechter, and Falla (2011) showed an overall strength reduction

whether a neck-specific progressive resistance exercise intervention

of 31.7, 22.6, 33.2 and 32.2% in flexion, extension, right lateral flexion

leads to a change in patient-reported pain and disability, and deter-

and left lateral flexion strength, respectively. Pearson, Reichert, De

mine the relationship between neck strength and patient-reported

Serres, Dumas, and Cote (2009) found an even greater reduction in

pain and disability.

the strength of 52–66% in all directions when compared with participants without neck pain. Current research suggests that altered muscle activation and increased activation of the superficial antagonist
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are also associated with chronic neck pain. Lindstrøm et al. (2011)
demonstrated

that

activation

of

both

splenius

capitis

and

2.1

|

Research design

sternocleidomastoid was greater in those with neck pain than those
without (p < .05) and was positively correlated with participants'

This study reports a secondary analysis of data collected during clini-

reported pain and disability. Increased co-activation may indicate an

cal practice through the use of a case series of a neck-specific pro-

effort to improve the stability of the neck or assist in contributing to

gressive resistance exercise intervention in participants diagnosed

an altered load distribution on the cervical spine and, therefore, fur-

with chronic neck pain. Chronic neck pain, for the purpose of this

ther provoke pain (Lindstrøm et al., 2011).

study, was considered as pain in the cervical region persisting longer

The use of neck-specific progressive resistance exercises in

than 3 months. Participants were those deemed eligible from patients

chronic neck pain has been suggested in research to decrease both

who completed nine sessions of a neck-specific progressive resistance

neck pain and disability (Jull, Falla, Vicenzino, & Hodges, 2009; Mur-

exercise intervention at the Melbourne Whiplash Centre between the

ray, Lange, Nørnberg, Søgaard, & Sjøgaard, 2015). Many different

years of 2002 and 2018.

neck strengthening programs have been described, including neck-

Participants signed a consent form prior to the initiation of treat-

specific progressive resistance exercises, the craniocervical flexion

ment, allowing the use of their de-identified data for secondary analy-

method,

sis. A copy of the consent form can be found in Appendix A. The

and

general

strengthening

programs

including

scapulothoracic stabilisation and upper extremity strengthening

study was approved by MUHREC (reference 12,764).

(Bertozzi et al., 2013; Gross et al., 2015; Jull et al., 2009). A
Cochrane systematic review by Gross et al. (2015) investigated the
effect of strengthening exercises on chronic mechanical neck pain,

2.2
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Participants

and found that cervico-scapulothoracic and upper extremity strength
and endurance training improved pain by a moderate to large

Participants were drawn from all patients recorded to have received

amount, both immediately and in the short term (pooled SMD

the neck-specific progressive resistance exercise intervention from

[SMDp] -0.7, 95%CI: −1.3 to −0.1). A similar review by Bertozzi

the Melbourne Whiplash Centre and had the following characteristics:

et al. (2013) concluded that therapeutic exercise in chronic neck pain
decreased pain significantly in the short and intermediate term; how-

1 Provided consent for their information to be used in the study.

ever, it did not reduce disability. In addition, Cox, Kidgell, and

2 Over 18 years of age.

Iles (2019) identified that neck strengthening exercises improved

3 Had neck pain for at least 3 months.

disability scores compared to a control of prescribed physical activity

4 Both pre and post-intervention data were available.

(SMD 0.30, 95%CI 0.09 to 0.52, p = .005). However, none of the
included studies in these systematic reviews utilised exclusively
neck-specific progressive resistance exercises, and instead included

2.3
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Intervention

studies with additional interventions, such as neck stretching, upper
limb strengthening and motor control (Bertozzi et al., 2013; Cox

Participants undertook nine sessions of a neck-specific progressive

et al., 2019; Gross et al., 2015). There is a gap in the literature

resistance exercise intervention utilising the Melbourne Protocol and
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the MCU technology under supervision of the treating physiotherapist

Jensen, 2011). It is an 11-point ordinal scale where 0 represents

(Appendix B). Physiotherapists were trained in the provision of the

“no pain” and 10 represents “the worst imaginable pain” (Ferreira-

exercise program prior to the program. Participants were encouraged

Valente et al., 2011). The patient was instructed to select the single

to complete two sessions per week; however, they were able to

number which best represents their pain intensity based on the

choose the frequency of their sessions. Participants completed iso-

average of the symptoms in the past week. Although a specific

tonic exercises against the MCU-provided resistance in the planes of

MCID has not been identified for chronic neck pain, an absolute



cervical flexion (at 25 cervical rotation left and right), extension (at

change of 1.8 points on the NRS has been identified as the MCID

neutral cervical rotation and 25 left and right) and lateral flexion (at

for chronic pain in several studies and will, therefore, be utilised in

neutral cervical rotation). However, the program was tailored to each

this study (Farrar, Young, Lamoreaux, Werth, & Poole, 2001; A. M.

participant by the treating physiotherapist, in order to target their key

Hanley et al., 2006).

areas of weakness. Each session lasted for a duration of 30 minutes,
with participants completing three sets of 10 repetitions of each exercise with 20 seconds rest between sets. Exercises were performed

2.4.2

Neck strength

|

throughout the participants' available range, with each concentric and
eccentric contraction maintained for 2 s and a 1-s pause at the end of

Neck strength was measured and recorded through the MCU. The

the range. After each set was completed participants rated their per-

participant's cervical spine was placed in neutral, 25 and 45 of cervi-

ceived effort on a nine-point scale where 1 was “very easy” and 9 was

cal rotation with the MCU matching the amount of resistance to the

“very difficult.” Using the guide provided in Appendix B, load was then

participant's contraction. Maximum force (pounds) of isometric

progressed with the intention to achieve a perceived exercise inten-

strength was measured at baseline and post-intervention.

sity of 4. However, this could be altered by clinicians as deemed clinically appropriate with load increments beginning at 0.25 pounds.
Between the completion of the program and re-assessment, a

2.5
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Statistical analysis

week break was given to the participants in order to control for
fatigue and to allow the NDI and NRS scores to be as accurate as pos-

A secondary analysis of data was undertaken using pre and post-inter-

sible. Details of the intervention protocol are provided in Appendix B.

vention measures of NDI scores, NRS scores and neck strength (flexion, left/right lateral flexion and extension (pounds)).
Sample size calculations were based on a review of several trials

2.4

Outcome measures

|

analysing the effects of strengthening programs on NDI scores (Cox
et al., 2019), using an effect size of 0.3, an alpha level of 0.05 and a

All outcome measures were administered by the treating physiothera-

beta error level of 20%, the sample size required was 71 (Dhand &

pist and were as follows.

Khatkar, 2014). As the patient database contained a larger sample size
than required, the full database was utilised in order to improve the
precision of the findings and enable further investigation via multivari-

2.4.1

|

Neck pain and disability

ate analysis.
Normality tests were undertaken for all strength, NDI and NRS

Two patient-reported outcome measures were utilised. Neck pain and

variables to meet the assumptions of the proposed analyses.

its effect on activities of daily living were assessed with the Neck Dis-

Strength measures were not normally distributed and were trans-

ability Index (NDI). Neck pain intensity was assessed utilising the

formed into lognormal values (Limpert & Stahel, 2011, 2017).

Numerical Rating Scale (NRS).

Lognormal values for the strength variables were used in all statisti-

The NDI is a validated patient-reported outcome measure that

cal analysis.

assesses both subjective symptoms and the impact of neck pain on

Paired samples t-tests were used to compare the pre- and post-

activities of daily living through the use of 10 scored sections (refer to

intervention scores for NDI, NRS and neck strength measures. Effect

Appendix C) (Saltychev, Mattie, McCormick, & Laimi, 2018). The

sizes for each outcome measure were calculated using hedges g with

patient was instructed to answer the questionnaire based on the aver-

a pooled standard deviation, where 0.2, 0.5 and 0.8 were defined as a

age of their symptoms in the past week. The questionnaire is scored

small, medium and large effect, respectively.

out of 50, which is then converted into a percentage score, where a

A multiple linear regression with a backwards stepwise model

high score relates to a greater level of activity limitation (Saltychev

was performed to determine the relationship between participant-

et al., 2018). The minimum clinically important difference (MCID) for

reported neck pain and cervical strength. Two models were con-

the NDI in patients with chronic neck pain has been found to be a

structed: the first defined post-intervention NDI score as the depen-

decrease in 15% (or 7.5 points if referencing the 50-point scale)

dent variable; the second defined post-intervention NRS score as the

(Young et al., 2009).

dependent variable. Independent variables were post-intervention

The NRS is a validated patient-reported outcome measure that

neck strength (flexion, extension and lateral flexion), age, gender and

assesses subjective pain intensity (Ferreira-Valente, Pais-Ribeiro, &

symptom duration, as well as NDI in the NRS model and NRS in the
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NDI model (Table 1). Only strength measures at neutral cervical rota-

3.2.1
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Neutral cervical rotation

tion were used as independent variables in order to reduce the number of independent variables relative to the sample size (J. A.

Following the intervention, strength at neutral cervical rotation was

Hanley, 2016). Strength at neutral cervical rotation was considered

significantly increased in the planes of flexion (d = 0.87, p < .0001),

the most relevant to clinical examination and exercise prescription.

extension (d = 1.19, p < .0001), left lateral flexion (d = 1.02, p < .001)
and right lateral flexion (d = 1.13, p < .0001) (Figure 1). Changes

3

RESULTS

|
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TABLE 2

Background variables of participants

Variables

Participants

Total (n = 127)

Sex, female (n [%])

82 (64.6%)

Of the participants in the database, 127 were eligible for inclusion.

Age (median [IQR])

42 (18.5)

Their median age was 42 (IQR: 23.5–60.5), with 64.6% of the sample

Pay status

being female (n = 82). The mean NDI score was 35.5% (SD = 14.34)

TAC (n [%])

25 (19.7%)

and the mean NRS score was 5.9 points (SD = 2.1). Further baseline

Work cover (n [%])

10 (7.9%)

characteristics are reported in Table 2.

DVA (n [%])
Private (n [%])

1 (0.8%)
91 (71.7%)

Duration of symptoms – Months
(median [Q1–Q3])

36 (13–114)

Time between assessments – Weeks
(median [Q1–Q3])

10 (6–17)

All neck strength variables showed significant differences between
baseline assessment and assessment following the nine-session inter-

Baseline NDI (mean [SD])

35.5 (14.3)

Baseline NRS (mean [SD])

5.9 (2.1)

3.2

|

Neck strength

vention. Table 3 displays strength data in pounds, whereas the following strength data are represented in the lognormal values.

TABLE 1

Variables eligible for inclusion in the multivariate analyses

Variables

Cervical rotation

Range of possible scores

Age

N/A

Type of data

0–110

Continuous

Gender

Male, female, unspecified

Categorical

Symptom duration

3 months onwards

Continuous

NDI

0–100%

Continuous

NRS
Cervical flexion strength

0

0–10

Ordinal

0–100 pounds

Continuous

0–100 pounds

Continuous

0–100 pounds

Continuous

0–100 pounds

Continuous

25 left
25 right
45 left
45 right
Cervical extension strength

0
25 left
25 right
45 left
45 right

Cervical right lateral flexion strength

0


25

45
Cervical left lateral flexion strength

0
25
45

Note: Bolded indicates the variables included in the analysis.
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TABLE 3

Mean (± SD) of participants' strength (lbs), NRS and NDI at baseline and following the nine-session strength intervention
Non-transformed values
(pounds)

Transformed lognormal values

Variables

Pre
(mean ± SD)

Post
(mean ± SD)

Pre
(mean ± SD)

NDI

35.46 ± 14.34

23.31 ± 15.44

-

NRS

5.86 ± 2.07

3.78 ± 2.32

-

Mean (SD) of
differences

95% CI

p
value

-

−12.16 (12.47)

−14.35 to −9.97

<.0001

-

−2.08 (2.43)

−2.51 to −1.65

<.0001

Post
(mean ± SD)

Cervical flexion strength (lbs)
Neutral

7.65 ± 4.50

12.00 ± 5.43

1.85 ± 0.65

2.38 ± 0.47

0.53 (0.62)

0.42 to 0.64

<.0001

Cervical rotation left
25

6.93 ± 3.47

11.66 ± 4.96

1.81 ± 0.51

2.36 ± 0.47

0.54 ± 0.44

0.46 to 0.62

<.0001

Cervical rotation
right 25

6.90 ± 3.57

11.75 ± 5.10

1.80 ± 0.54

2.36 ± 0.47

0.57 ± 0.46

0.49 to 0.65

<.0001

Cervical rotation left
45

6.66 ± 3.36

11.10 ± 4.75

1.78 ± 0.49

2.31 ± 0.47

0.55 ± 0.48

0.46 to 0.63

<.0001

Cervical rotation
right 45

6.82 ± 3.32

11.03 ± 4.78

1.80 ± 0.48

2.30 ± 0.48

0.50 ± 0.48

0.42 to 0.59

<.0001

Cervical extension strength (lbs)
Neutral

13.78 ± 6.77

23.03 ± 8.57

2.50 ± 0.49

3.06 ± 0.41

0.56 ± 0.48

0.47 to 0.64

<.0001

Cervical rotation left
25

12.85 ± 6.08

22.68 ± 8.33

2.44 ± 0.51

3.05 ± 0.29

0.62 ± 0.44

0.55 to 0.70

<.0001

Cervical rotation
right 25

13.19 ± 7.80

22.33 ± 7.85

2.45 ± 0.51

3.04 ± 0.39

0.60 ± 0.46

0.52 to 0.68

<.0001

Cervical rotation left
45

11.84 ± 5.62

19.99 ± 7.26

2.36 ± 0.49

2.93 ± 0.39

0.58 ± 0.41

0.50 to 0.65

<.0001

Cervical rotation
right 45

11.99 ± 5.79

19.18 ± 6.71

2.37 ± 0.49

2.89 ± 0.39

0.53 ± 0.41

0.45 to 0.60

<.0001

9.39 ± 4.98

15.96 ± 6.72

2.01 ± 0.53

2.68 ± 0.44

0.58 ± 0.48

0.49 to 0.66

<.0001

Cervical rotation left
25

10.42 ± 5.18

17.44 ± 7.18

2.22 ± 0.50

2.77 ± 0.43

0.55 ± 0.42

0.48 to 0.62

<.0001

Cervical rotation left
45

11.51 ± 5.84

18.64 ± 7.29

2.32 ± 0.49

2.84 ± 0.42

0.53 ± 0.43

0.45 to 0.60

<.0001

9.44 ± 5.00

16.18 ± 6.77

2.11 ± 0.52

2.69 ± 0.44

0.58 ± 0.46

0.50 to 0.66

<.0001

Cervical rotation
right 25

10.41 ± 5.27

17.77 ± 7.35

2.22 ± 0.50

2.79 ± 0.43

0.58 ± 0.41

0.50 to 0.65

<.0001

Cervical rotation
right 45

11.65 ± 5.88

19.20 ± 8.15

2.34 ± 0.49

2.86 ± 0.45

0.53 ± 0.42

0.46 to 0.61

<.0001

Left cervical lateral flexion strength (lbs)
Neutral

Right cervical lateral flexion strength (lbs)
Neutral

observed in all directions were large, with effect sizes ranging from

lateral flexion (d = 1.15, p < .0001) (Figure 2). Changes observed in all

0.87 to 1.19.

directions were large, with effect sizes ranging from 1.10 to 1.34.

3.2.2

|

25 cervical rotation

3.2.3

|

45 cervical rotation

Following the intervention, strength at 25 cervical rotation was sig-

Following the intervention, strength at 45 cervical rotation was sig-

nificantly increased in the planes of flexion (Left: d = 1.10, p < .0001;

nificantly increased in the planes of flexion (Left: d = 1.08, p < .0001;

Right: d = 1.10, p < .0001), extension (Left: d = 1.34, p < .0001; Right:

Right: d = 1.02, p < .0001), extension (Left: d = 1.25, p < .0001; Right:

d = 1.16, p < .0001), left lateral flexion (d = 1.12, p < .0001) and right

d = 1.14, p < .0001), left lateral flexion (d = 1.08, p < .0001) and right
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F I G U R E 1 Changes in participant strength (pounds) of the trained
neck muscles at neutral (0 of rotation) in the axis of flexion,
extension, and lateral flexion (mean ± SD). FN denotes flexion neutral;
EN, extension neutral; LLFN/RLFN, left/right lateral flexion neutral

F I G U R E 3 Changes in participant strength (pounds) of the trained
neck muscles at 45 of rotation in the axis of flexion, extension, and
lateral flexion (mean ± SD). FL/FR denotes flexion left/right; EL/ER,
extension left/right; LLF/RLF, left/right lateral flexion

months and pain is measured on the NRS. Participants' NDI scores
decreased 0.02% for every month that symptoms persisted for and
increased 4.88% for every point increase on the NRS. Both symptom
duration (p = .009) and pain (p < .000) were significant predictors of
NDI score.

3.4

|

Pain

Following the nine-session strength intervention, NRS scores were
significantly decreased by 2.08 points (95% CI -2.51 to −1.65,
F I G U R E 2 Changes in participant strength (pounds) of the trained
neck muscles at 25 of rotation in the axis of flexion, extension, and
lateral flexion (mean ± SD). FL/FR denotes flexion left/right; EL/ER,
extension left/right; LLF/RLF, left/right lateral flexion

p < .0001) and the effect size observed was large (d = 0.94) (Table 3).
A multiple linear regression using a backwards stepwise model
was calculated to predict NRS score based on neck disability, neck
strength at neutral cervical rotation (flexion, extension and right/left
lateral flexion), age, symptom duration and gender.
Initial results from the regression model found right lateral flexion

lateral flexion (d = 1.06, p < .0001) (Figure 3). Changes observed in all

and left lateral flexion to have opposing effects on NRS scores

directions were large, with effect sizes ranging from 1.02 to 1.25.

(Beta = 1.60 and − 1.64, respectively); however, both had a highly
correlated inflation factor (VIF = 7.63 and 8.13, respectively) (Norman
& Streiner, 2014). In order to counteract this high collinearity, lateral

3.3

|

Disability

flexion scores were combined into a single indicator for lateral flexion
strength

(Grewal,

Cote,

&

Baumgartner,

2004;

Norman

&

Following the nine-session strength intervention, NDI scores were

Streiner, 2014). A subtraction method (right lateral flexion – left lateral

significantly decreased by 12.16% (95% CI -14.35 to −9.97,

flexion) was chosen to provide an indication of an imbalance of

p < .0001) and the effect size observed was large (d = 0.81) (Table 3).

strength between sides and an indication of left- or right-sided domi-

A multiple linear regression using a backwards stepwise model
was constructed to predict NDI score based on pain score, neck
strength at neutral cervical rotation (flexion, extension and right/left
lateral flexion), age, symptom duration and gender.

nance, where a positive result indicated right-sided dominance and a
negative result indicated left-sided dominance.
A significant regression equation was found (F[5, 119] = 34.63,
p < .000), which explained 57.6% of the NRS variance (Table 4). Par-

A significant regression equation was found (F[2, 122] = 76.27,

ticipants' predicted NRS score was equal to 3.65 + 0.78 (GENDER)

p < .000), which explained 54.8% of the NDI variance (Table 4). Partic-

+ 0.004 (SYMPTOM DURATION) + 0.11 (DISABILITY) − 0.95 (NECK

ipants' predicted NDI score was equal to 6.77–0.02 (SYMPTOM

EXTENSION

DURATION) + 4.88 (PAIN), where symptom duration is measured in

STRENGTH), where gender is coded as 0 = Female and 1 = Male,

STRENGTH) +

1.61

(TOTAL

LATERAL

FLEXION
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TABLE 4
Linear regression with backwards stepwise model with NDI and NRS as dependent variables and neck strength in neutral cervical
rotation (flexion, extension and right/left lateral flexion), age, symptom duration and gender as independent variables
Dependent variable

R2 adj.

F

p model

Predictors in the final model

Beta

t

NDI

0.55

76.23

<.000

Symptom duration

NRS

0.58

34.63

<.000

p predictor

−0.02

−2.68

.009

NRS

4.88

12.18

<.000

Gender

0.78

2.50

.014

Symptom duration

0.004

2.85

.005

NDI
Extension strength (neutral)
Total lateral flexion strength (neutral)

0.11

11.31

<.000

−0.95

−2.56

.012

1.61

1.96

.052

symptom duration is measured in months, disability is measured on

descending nociceptive inhibitory mechanism (Naugle et al., 2012;

the NDI and strength refers to percentage increased. Participants'

Smith et al., 2019).

NRS scores increased by 0.004 points for every month that symptoms

Although statistically significant changes and large effect sizes

persisted for, increased by 0.11 points for every percent increase on

were observed, the mean decrease in NDI score across participants of

the NDI, and increased by 0.78 points in males. In addition, NRS

12.16 was less than the previously defined MCID for NDI in chronic

scores decreased 0.95 points for every percentage increase in neck

neck pain of 15%. However, the overall decrease in the NRS score

extension strength and increased by 1.61 points for every percentage

across participants of 2.08 is larger than the previously defined MCID

increase in total lateral flexion strength. All independent variables

for NRS of 1.8 points. This suggests that the overall change in NRS,

except for total lateral flexion strength (p = .052) were significant pre-

but not in NDI, can be considered clinically significant by participants.

dictors of NRS score (p < .000 to p = .0140).

Katz, Paillard, and Ekman (2015) advise against comparing the individual MCID with overall group changes, suggesting that it should be
applied to changes in individual subjects instead. Therefore, the com-

4
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DISCUSSION

parison of these results against the MCID should be interpreted with
caution.

The results of this secondary analysis show that a neck-specific

When analysing the relationship between neck strength, age,

strengthening program leads to a statistically significant improvement

symptom duration, gender and neck pain/disability, both models of

in multidirectional neck strength (flexion, extension and lateral flexion)

multivariate analysis resulted in an adjusted R squared value (NDI:

as well as statistically significant improvements in NDI and NRS

0.55; NRS: 0.58) that showed a large variation, which was not

scores. Effect sizes observed for all outcomes were large, ranging from

accounted for. Other elements, such as psychosocial factors, may con-

0.81 to 1.34. These findings coincide with previous studies and sys-

tribute to the remainder of the variability. Previous studies of patients

tematic reviews that neck strengthening reduces pain and disability in

with chronic pain have demonstrated that psychiatric distress, anxiety,

chronic neck pain (Geneen et al., 2017; Gross et al., 2015).

catastrophising, fear avoidance, fear of re-injury and increased aware-

The exact mechanisms that underpin this change in neck pain and

ness of pain are factors in the experience of ongoing pain and disabil-

disability remain unclear in the literature, and several theories are pro-

ity (Lin, Chang, Lu, Huang, & Lue, 2010; Thompson, Urmston, Oldham,

posed (Smith et al., 2019). At the muscular level, an increase in

& Woby, 2010). The importance of these factors in predicting disabil-

strength may assist in improving the stability and movement of the

ity score may explain why strength was not found to be a significant

cervical spine through improving muscle endurance and resistance to

variable in the multivariate analysis performed on the NDI. Due to the

fatigue (Wilson, 2015). Psychosocially and at a neurotransmitter level,

longevity of many patients' symptoms, a change in neck strength

strengthening may also reduce pain through two proposed mecha-

alone may not be sufficient to predict disability score, or to cause a

nisms. The first revolves around the roles played by the amygdala, as

clinically meaningful change as discussed above.

well as the cingulate cortex in shaping responses to fear and pain

In the multivariate analyses performed, symptom duration, self-

(Smith et al., 2019). By completing strength exercises, which were pre-

reported disability and pain were found to be significant variables.

viously perceived as a threat and a cause of pain, fear of movement

This is similar to a study by Fejer and Hartvigsen (2008) who found

and pain may be redefined, reducing threat perception and, therefore,

moderate correlations between NRS scores and the Copenhagen

the activity of the amygdala and the cingulate cortex (Smith

Neck Functional Disability Scale. Symptom duration was found to

et al., 2019). The second mechanism is known as exercise-induced

have a direct relationship with NRS scores, which was likewise

hypoalgesia (EIH) (Naugle, Fillingim, & Riley, 2012). Strength training

observed in a study on chronic low back pain by Dunn and

has been shown to trigger this phenomenon potentially through exer-

Croft (2006), who hypothesised that symptom duration is another

cise-induced activation of arterial baroreceptors stimulating the

way of expression of pain severity. When symptoms have worsened,

endogenous opioid system, and therefore analgesic effects via the

the patient may perceive it has been a longer period of time since they
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were pain free (Dunn & Croft, 2006). Conversely, symptom duration

determine if one program is more effective at reducing pain and disability.

was found to have an inverse relationship with NDI scores. A possible

This will guide clinical practice when prescribing strengthening programs

explanation for this is that the NDI does not account for adaptation of

to patients with chronic neck pain, and inform the decision of whether

movement over time to reduce pain throughout activities of daily liv-

one program should be performed above the others and, therefore,

ing. This may cause those who have a longer symptom duration to

develop a neck strengthening protocol for chronic neck pain.

have a greater perceived independence with these tasks.
When analysing the contributors to NRS scores in the multivariate analysis (Table 4), extension strength and total lateral flexion
strength had opposing effects on neck pain. Whilst an increased in

5 | IMPLICATIONS FOR PHYSIOTHERAPY
PRACTI CE

cervical extension strength decreased neck pain, an increase in total
lateral flexion strength increased neck pain. One recent study noted

This study has identified that a neck-specific progressive resistance

that the redistribution of muscle activity in chronic neck pain is not

exercise intervention is associated with improved outcomes in chronic

confined to within a single muscle but can occur between muscles (Tsang,

neck pain, and suggested that multi-directional neck strengthening is

Szeto, & Lee, 2014). They observed that muscles acting as the antagonists

an important factor to consider when treating chronic neck pain. It is

or synergists, such as the upper trapezius or sternocleidomastoid, showed

uncertain whether the observed changes correlated with clinically sig-

longer durations of activation during movements in patients with chronic

nificant deductions in disability. However, there are several costs

neck pain (Tsang et al., 2014). We propose that the relationship found

associated with the use of the technology, including both financial

between total lateral flexion strength and neck pain may be due to

and time costs to the patients. Further research is needed to deter-

increased

mine the cost-effectiveness of this program compared to other multi-

antagonist

activation,

potentially

in

the

contralateral

sternocleidomastoid or scalene muscles. Conversely, this increase in neck

directional neck strengthening programs.

pain could occur from facet joint irritation during lateral flexion.

6
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CONC LU SION

Limitations of the research
A neck-specific progressive resistance exercise intervention signifi-

This study had several limitations. As a secondary analysis of participants

cantly improved neck strength, and reduced patient-reported neck

recorded to have received the neck-specific progressive resistance exer-

pain and disability. The most consistent contributors to neck pain and

cise intervention from a Melbourne physiotherapy clinic was performed,

disability were found to be symptom duration and subjective disabil-

there may have been a degree of therapist selection, originally, as to which

ity/pain scores. Further research should be undertaken to compare

client profiles are selected to participate in the program. In addition, as this

the effects of this program to other neck strengthening programs.

study reports on data collected during clinical practice, there is a possibility
that participants may have participated in co-interventions throughout the
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This study has highlighted several topics to be explored in further research.
Initially, a randomised control trial assessing the effectiveness of this pro-
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APP E NDIX B : Description of the treatment protocol
The Melbourne Protocol (TMP) refers to the operating system allowing for clinical decision-making when using the Multi Cervical Unit (MCU). An
overview of the protocol is provided below.

Eligibility for the program
A patient is ineligible for the program if they demonstrate any of the following:
• An inability to initiate 3 pounds of force for all isometric testing.
• An inability to initiate inner head brace movement during ROM testing.
• A flare-up after evaluation lasting longer than 36 hours.
• A significant exacerbation of peripheral symptoms following evaluation.
• Any of the contra-indicated conditions:
 Neural torticollis.
 Cervical malignancies.
 Spinal malignancies (unless medically cleared).
 Pregnancies in the final trimester.
 Conditions where physical training is contra-indicated for medical or other reasons.
where a patient demonstrates two or more of the above an alternative treatment approach will be applied.

Goals of the program
1 The primary goal is to regain the strength of the cervical musculature. Weak muscles, based on the results of the initial evaluation, are targeted
for the rehabilitation program, and imbalances between the left and right sides as well as flexion/extension strength ratios are corrected.
2 A further goal is to improve the active ROM of the cervical spine where restriction has been identified.

Evaluation and treatment protocol
1 Initial evaluation
2 9× treatments
3 Re-evaluation
The pattern of nine treatment sessions and a re-evaluation continues until the goals of the rehabilitation program have been achieved.

Initial evaluation
The initial evaluation consists of the following steps:
• Patient history
• Vertebrobasilar insufficiency screening
• Completion of patient questionnaires: Neck Disability Index (NDI) and Symptom Intensity Rating (SIR)
• Testing of cervical range of motion
• Isometric strength testing in Neutral, 25 and 45 of cervical rotation
• Discussion of major findings with patient to establish goals of rehabilitation
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Prior to testing, it is recommended that the patient perform some simple cardiovascular exercise for 5 minutes, such as walking or stationary
bike. This exercise should be followed by 3–4 minutes of gentle active cervical/shoulder exercises.

Testing of cervical range of motion
Using the MCU unit, the following tests are performed:
• Flexion
• Rotation
• Lateral Flexion
• Extension
The patient is observed completing 2–3 practise movements prior to testing. The patient is instructed to move as far as is comfortable in the
desired direction, in a smooth and controlled manner. Testing includes three repetitions of each movement, holding at end of range for 1–
2 seconds, then returning to neutral between each movement. Any pain, discomfort or problems experienced by the patient are noted by the
therapist. A pain rating on the Visual Analogue Scale should be entered after the completion of the three repetitions. The MCU software will provide real-time analysis, providing qualitative and quantitative analysis of motion, and aberrant movements are repeated.

Isometric strength testing
Strength is tested in the following order:
• Flexion
• Extension
• Lateral flexion left then right
The required movement is described to the patient, and if necessary that patient's head is guided to avoid trick movements. The instruction
given to the patient at the start of each test is “Push as hard and as fast as you can.” All tests are repeated three times, with the contraction held
for 3 seconds. MCU software will prompt a rest between contractions and a rest period of 10 seconds.

Treatment sessions
A treatment session is formatted according to the following principles:
• The exercise program should include no more than 6–8 exercises.
• Each treatment session should be completed in 30 minutes or less.
• Resistance is generally set between 25% and 40% of the patient's maximum isometric test scores. Selection of the exercise weights is made in
consideration of the patient's irritability as determined by the patient's history and response to the initial evaluation.
• As a standard, 3 sets of 10 repetitions of each exercise are performed. However, this is altered to suit individual patients and their conditions.
An irritable patient may only perform 2 sets of 5–8 repetitions of each exercise.
The following set of exercises are recommended for the majority of patients commencing the program:
• Flexion 25 left and Flexion 25 right
• Extension neutral, 25 left and 25 right
• Lateral flexion neutral left and neutral right
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Exercise technique
The recommended lifting technique is:
• Lift for a count of 2
• Hold for a count of 1, and then
• Lower for a count of 2
After a few unassisted repetitions, the patient is asked if the weight feels “light,” “moderate” or “heavy”:
• Light = increase the weights by 1–2 units
• Moderate = keep the weights the same
• Heavy = reduce the weights by 1–2 units.
It is recommended that the patient is asked this question again at the end of the final set.
• Light = increase weight by 2 units for the next workout.
• Moderate = increase weights by 1 unit for the next workout.
• Heavy = keep weights the same if technique has been maintained.

Re-evaluation
A re-evaluation is performed after every nine workouts. Re-evaluation consists of:
• Completing patient questionnaires (NDI, SIR and global change score).
• Testing of cervical range of motion.
• Isometric strength testing in neutral, 25 and 45 of cervical rotation.
Where the goals of rehabilitation have not been reached, the treatment protocol is repeated (another nine treatment sessions followed by reevaluation). A re-evaluation becomes a final evaluation when the goals of rehabilitation have been achieved.
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APP E NDIX C : Neck disability index
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