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ABSTRACT 1 

Objectives: The purpose of this study was to compare the effects of three different exercise 2 

approaches on neck muscle endurance (NME), kinesiophobia, exercise compliance, and 3 

patient satisfaction in chronic whiplash. 4 

Methods: This prospective randomized clinical trial included 216 individuals with chronic 5 

whiplash. Participants were randomized to one of three exercise interventions: neck-specific 6 

exercise (NSE), neck-specific exercise combined with a behavioral approach (NSEB), or 7 

prescribed physical activity (PPA). Measures of ventral and dorsal NME (endurance time in 8 

seconds), perceived pain following NME testing, kinesiophobia, exercise compliance, and 9 

patient satisfaction were recorded at baseline and at the three- and six-month follow-ups. 10 

Results: Compared to individuals in the PPA group, participants in the NSE and NSEB 11 

groups exhibited greater gains in dorsal NME (P = .003), greater reductions in pain following 12 

NME testing (P = .03) and more satisfaction with treatment (P < .001). Kinesiophobia and 13 

exercise compliance did not significantly differ between groups (P > .07). 14 

Conclusion: Among patients with chronic whiplash, a neck-specific exercise intervention 15 

(with or without a behavioral approach) appears to improve neck muscle endurance. 16 

Participants were more satisfied with intervention including neck-specific exercises than with 17 

the prescription of general exercise.  18 

Key Indexing Terms: Exercise; Neck Pain; Whiplash; Rehabilitation 19 

 20 

 21 

 22 
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INTRODUCTION 23 

Among people who suffer a whiplash injury, approximately 50% report symptoms that 24 

persistent for over 1 year,1 resulting in substantial costs to both the individual and society.2, 3 25 

Persistent pain and disability in chronic whiplash appears to be associated with impaired 26 

motor function,4-6 that includes deficient neck muscle endurance7 and altered function in deep 27 

and superficial neck muscles5 that may negatively affect the physical support of the cervical 28 

spine.8-11 The cervical spine is heavily dependent on neck muscles for its physical support 9, 10 29 

and thus, specific neck muscle training is recommended within the management approach of 30 

patients with a whiplash-associated disorder (WAD).12 However, although there is strong 31 

evidence that specific neck muscle training is effective in managing idiopathic neck pain,13, 14 32 

such training has shown only modest benefits in WAD.15, 16 Therefore, specific neck 33 

exercises are often not utilized in this population. It is more commonly suggested that 34 

patients with WAD remain physically active using a more general exercise approach, which 35 

has shown positive effects in modulating17 and preventing18, 19 chronic pain. However, the 36 

effects of general exercise have to our knowledge, not specifically been studied in cases of 37 

chronic WAD.  38 

Some individuals with WAD may associate neck-specific exercise with the risk of 39 

aggravating pain or (re)injury, inducing kinesiophobic behaviors that detrimentally affect 40 

exercise performance and adherence to the recommended exercise regimen.20, 21 This problem 41 

may be counteracted by incorporating a behavioral approach to neck-specific exercise. 42 

Behavioral approaches - that included progressive goal attainment strategies and pain 43 

physiology education in an attempt to modify inappropriate pain beliefs - have previously 44 

been used in conjunction with exercise to modify fear of pain and (re)injury related to 45 

physical activity.22, 23 This approach aims to modify maladaptive coping strategies, and to 46 
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enhance a patient’s capacity to undertake daily activities.24, 25 However, randomized 47 

controlled trials investigating behavioral approaches in chronic WAD management have 48 

yielded at best only modest improvements.15, 26, 27 Previous studies have been limited by 49 

methodological factors, such as small sample size26 and poorly standardized treatment.15 50 

Thus, further investigation of the potential additional benefits of a behavioural approach to 51 

neck-specific exercise in chronic WAD is warranted. 52 

The present study aimed to compare the effects of a neck-specific exercise intervention 53 

with and without the addition of a behavioral approach to that of a general exercise 54 

intervention in patients with chronic whiplash. Results were evaluated with regard to 55 

improved neck muscle endurance, perceived pain in response to endurance testing, 56 

kinesiophobia, exercise compliance, and patient satisfaction. We hypothesized that the neck-57 

specific exercise interventions with or without the behavioral approach would result in 58 

greater improvements in all outcomes compared to general exercise, and that the addition of a 59 

behavioral approach would result in greater improvements than seen with neck-specific 60 

exercise alone.  61 

METHODS 62 

Design 63 

Here we analyzed the secondary outcomes of a multicenter, prospective, randomized 64 

controlled trial (RCT) (ClinicalTrials.gov NCT01528579) with blinded outcome assessments 65 

conducted in six counties in south-east Sweden.28 The primary outcome measure of the RCT 66 

was neck disability index, which is reported elsewhere.29 This study was approved by the 67 

Regional Ethical Review Board, and was conducted in accordance with the Declaration of 68 

Helsinki. 69 

 70 
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Participants 71 

Figure 1 shows the flow diagram of participant recruitment and retention. The recruited 72 

participants all reported ongoing symptoms associated with a whiplash injury that occurred 73 

six months to three years prior to study entry, and were diagnosed with WAD grade II (neck 74 

pain and musculoskeletal signs) or III (neck pain plus neurological signs).30 Other inclusion 75 

criteria were an average neck pain intensity over the past week of >20 mm using a visual 76 

analogue scale (VAS)31 and/or a score of >20% on a Neck Disability Index (NDI),32 an age of 77 

between 18-63 years, and fluency in Swedish. Participants were excluded if they reported any 78 

of the following: signs of traumatic brain injury at the time of whiplash injury (loss of 79 

consciousness, retrograde and post-traumatic amnesia, disorientation, and confusion), 80 

previous serious neck pain causing sick leave of over one month during the 12-month period 81 

before their whiplash injury, previous serious neck trauma/injury, neuromuscular or 82 

rheumatologic disease, severe mental illness, current alcohol or drug abuse, or any condition 83 

that contraindicated their performance of exercise. 84 

 85 

Study Procedure 86 

Participant recruitment occurred between February 2011 and May 2012. Potential 87 

participants were identified via electronic medical records from health care registers and were 88 

subsequently recruited from primary health care centers, specialist orthopedic clinics, and 89 

hospital outpatient services. The first step of participant recruitment involved mailing an 90 

initial information and screening letter that contained basic study information, basic 91 

inclusion/exclusion criteria, VAS and NDI screening questionnaires, and a prepaid return 92 

envelope. Next, the apparently eligible respondents completed a telephone interview. Finally, 93 

individuals were subjected to a clinical examination by one of the study investigators to 94 

verify their diagnosis of WAD grade II or III.  95 
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The investigators were experienced physiotherapists located in each of the six 96 

participating counties. These investigators attended practical sessions together prior to the 97 

start of examinations and were trained to undertake the strict testing protocol. Each 98 

investigators skill in conducting the testing protocol was assessed by one of the principal 99 

researchers. Potential sources of bias were minimized as these investigators were blinded to 100 

the participants’ intervention group allocation, and had no involvement in delivering the 101 

interventions to participants.  An independent researcher randomly allocated the qualified 102 

participants using a computer generated list, and sent the participant’s group allocation and 103 

contact details in a sealed opaque envelope to the treating physiotherapist. Informed consent 104 

was obtained twice from all participants: firstly during the telephone interview by one of the 105 

principal researchers, and again during the session in which baseline measures were recorded 106 

supervised by the investigator.   107 

 108 

Interventions 109 

The study interventions were delivered by physiotherapists practicing primary health 110 

care in six different counties, thus minimizing geographical issues for participants attending 111 

intervention sessions. The behavioral approach was considered to be basic and performable 112 

by experienced physiotherapists with some previous knowledge of behavioral approaches. 113 

Prior to study commencement, the physiotherapists received one day of theoretical and 114 

practical training by the project leaders. The project leaders also provided a contact point for 115 

the therapists if they required further advice regarding the interventions. Participants in each 116 

intervention group underwent a physical examination performed by the physiotherapist, and 117 

filled in a diary describing the home exercises performed during the treatment period. 118 

Following completion of the intervention period, all participants in all three groups were 119 

encouraged to continue their exercises outside the physiotherapy clinic. The physiotherapists 120 
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in the neck-specific exercise (NSE) and neck-specific exercise with behavioral approach 121 

(NSEB) interventions followed a standardized (but different) exercise protocol (see Table 1 122 

for summary), with flexibility to modify the program on individual basis if required. The 123 

physiotherapists recorded the exercises that the participants’ completed at the clinic in a 124 

diary. 125 

 126 

Neck-Specific Exercise (NSE) Group 127 

The exercise program was supervised by a physiotherapist twice weekly for 12 weeks, 128 

with additional home exercises. The participants were given information concerning 129 

anatomical and physiological factors relevant to symptoms following whiplash injury, 130 

including the need for postural awareness (Appendix A). The exercises were initially low 131 

load and targeted at the deeper ventral12 and dorsal neck muscle layers (Appendix B). At 132 

weeks two to three, the patients commenced exercises designed to improve neck muscle 133 

endurance using weighted pulleys and guild boards (Appendix C). These exercises were 134 

continually progressed within the participant’s symptom tolerance. Participants in this 135 

exercise intervention group were instructed to avoid pain aggravation during exercise.  136 

 137 

Neck-Specific Exercise with Behavioral Approach (NSEB)  138 

The exercises performed by participants in this group were identical to those performed 139 

by the NSE group. During the first two weeks, participants formulated specific activity goals 140 

and received education specifically aimed at inducing behavioral change (Appendix A). To 141 

accommodate the behavioral component of their intervention, the commencement of gym 142 

exercises (Appendix C) was delayed by two weeks compared to the NSE group. Also in 143 

contrast to the NSE group, participants in the NSEB group were encouraged to continue their 144 

exercises despite pain, but to avoid a cumulative elevation of pain level over the duration of 145 
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the program. If this occurred, the exercise parameters were adjusted to reduce the elevated 146 

pain level.  147 

 148 

Prescription of Physical Activity (PPA) 149 

The participants in the PPA group had one or two appointments with the 150 

physiotherapist, which included a physical examination and motivational interview session 151 

(Appendix A). These initial meetings explored the participants’ motivation for change and 152 

provided them with information regarding the benefits of physical activity. Each participant 153 

was provided with an individual physical activity program (for instance, general aerobic 154 

exercises). Based on the physical examination and the interview, the physiotherapist chose 155 

exercises that the participant was able to perform and was motivated to do. The program did 156 

not include neck-specific exercises. The exercises were performed at home or at a selected 157 

location outside of health care, such as a gym.  158 

 159 

Measurements 160 

Outcome measurements were recorded at baseline and at the three- and six-month 161 

follow-ups except for kinesiophobia, which was measured at baseline and six months. At the 162 

three- and six-month follow-ups, the participants were also asked whether they had 163 

experienced any further neck injuries or received any other interventions for their neck during 164 

the study period. The participants completed a questionnaire including the self-reported 165 

measurements at home prior the physical testing session. Neck muscle endurance tests were 166 

conducted by the investigators. 167 

 168 

 169 

 170 
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Ventral and Dorsal Neck Muscle Endurance 171 

The primary outcome was a measure of neck muscle endurance (NME) that has been 172 

previously reported to be of good reliability (ICC > 0.88).33 NME was standardized and 173 

measured in seconds as previously described.34, 35 For all participants, ventral NME was 174 

tested first. Ventral neck muscle endurance was measured with the patient supine, keeping 175 

their legs straight, arms positioned alongside the body, and head and cervical spine in a 176 

neutral position. Participants were given instructions to slightly nod, retract their chin, and 177 

raise their head just above the examination table, such that a small head lift was performed in 178 

slight upper cervical flexion.34 Dorsal NME was measured with the patient prone, keeping 179 

their legs straight, arms alongside the body, and head initially supported on the examination 180 

table. A load of 2 kg for women or 4 kg for men was applied to the head, and the participants 181 

were instructed to lift their head just above the examination table with the tip of the chin 182 

pointing at the floor, thus performing a slight extension of cervical spine.34  183 

Participants were asked to maintain the test position for as long as possible and to stop 184 

the test by returning the head to rest on the examination table at the point of neck fatigue, or 185 

if they felt pain radiating into the arm. The participants were also instructed to stop the test if 186 

they experienced severe neck pain. For both tests, endurance was measured in seconds using 187 

a stopwatch. Before the official test trial, participants practiced the test (nod the chin in 188 

supine, chin pointing at floor and lifting the head without the weight in prone) for 189 

familiarization purposes. When necessary, the test leader verbally instructed the participants 190 

to correct their test position during the measurement.  191 

 192 

Perceived Neck Pain Intensity  193 

Immediately before and after the NME test, the pain intensity of the neck was measured 194 

using a VAS with a scale of 0 mm (no pain) to 100 mm (worst imaginable pain).31 195 
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Kinesiophobia 196 

The participants reported their perceived fear of movement and (re)injury using the 197 

Tampa Scale for Kinesiophobia (TSK-11) short form and the two-factor model of the TSK-198 

11, comprising activity avoidance (TSK-AA) and somatic focus (TSK-SF).36 The TSK-11 199 

includes 11 items that are each scored from 1 to 4, with higher scores indicating greater fear 200 

of movement and (re)injury. Subscale TSK-AA has 5 items with a possible total score 201 

ranging from 5 to 20, and the TSK-SF includes 6 items with a possible total score ranging 202 

from 6 to 24. 203 

 204 

Patient Satisfaction  205 

At the six-month follow-up, the participants rated their satisfaction with the 206 

intervention by answering the question “How is your experience of the intervention for your 207 

neck pain?” using a seven-point Likert scale, from 1 (very dissatisfied) to 7 (very satisfied).  208 

 209 

Exercise Compliance  210 

Compliance to exercise was defined as at least 50% attendance to the recommended 211 

intervention sessions (all three groups) with the addition of basic information for the NSE 212 

group and least 50 % of the behavioral components for the NSEB group. Completion rate was 213 

collected from the physiotherapist-completed diaries (NSE and NSEB groups) and participant 214 

completed exercise diaries (PPA group), (Appendix A). 215 

 216 

Statistical Analysis 217 

The study sample size was based on the primary outcome (NDI) of the RCT.28, 29 To 218 

detect a minimal clinically important NDI reduction of 7%,37 it was calculated that 63 219 

participants per group were required. To account for drop-outs, a total of 216 participants 220 
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were recruited. Statistical significance was set at an α level of 0.05. The analysis was 221 

performed on an intention-to-treat basis, including all participants who completed each 222 

measurement.  223 

All analyses were performed with the SPSS (version 20.0) statistical package. Group 224 

data at baseline were compared with one-way analyses of variance (ANOVA) or the Kruskal-225 

Wallis test for non-normally distributed data. For binary outcomes, the chi-square test was 226 

used. Drop-out analysis was performed by comparing the baseline variables between drop-227 

outs at six months and individuals who completed all outcome measurements. 228 

To analyze the neck muscle endurance results, a linear mixed model was conducted 229 

with time (3 levels; baseline, 3 months, and 6 months), group (three levels; NSE, NSEB and 230 

PPA), and gender (2 levels; men and women) as fixed effects, and ventral or dorsal neck 231 

muscle endurance as the dependent variable. Included in the model were individuals with 232 

baseline data and at least one more measurement (three and/or six months). Statistics (P 233 

values) for the linear mixed model analyses were reported for the; overall change over time 234 

(Pt); differences between groups (Pg); differences between gender (Ps); interaction between 235 

time and group (Pt*g); interaction between time, group and gender (Pt*g*s). For dorsal NME; 236 

the time*group*gender analysis showed non-significant differences between gender, so 237 

gender was excluded from the model. For ventral NME; there were significant differences 238 

between gender so post-hoc analyses were stratified for gender. The NME measurements 239 

were strongly positively skewed and variance significantly different (Levene’s test P < .05); 240 

thus, all measurements were log transformed (Log10). 241 

The perceived neck pain measurements were highly skewed, and therefore were 242 

analyzed using non-parametric tests. Between-group differences in neck pain, patient 243 

satisfaction and kinesiofobia (from the TSK-11 and both subscales) were analysed using 244 

Kruskal-Wallis tests and post-hoc comparisons were evaluated with the Mann-Whitney U test 245 
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when indicated. A Friedman’s test was used to determine within-group differences with 246 

respect to time, and the findings were further clarified using the Wilcoxon test. 247 

Finally, the measurement of exercise compliance was dichotomized (compliant, non-248 

compliant) according the attendance (defined as at least 50% attendance to the recommended 249 

intervention sessions) and analysed using a chi-square test.  250 

 251 

RESULTS 252 

This study included 216 participants, including 142 women and 74 men with a mean 253 

age of 40 years (SD, 11.4 years). Of these participants, 123 were diagnosed with WAD grade 254 

II and 93 with WAD grade III. Baseline characteristics were similar between groups, except 255 

that the NSE group was generally younger and contained more females compared to the PPA 256 

group (Table 2). A total of 184 participants (85%) were tested at three months and 165 (77%) 257 

at six months. Participants who dropped-out, and those who completely fulfilled the 258 

intervention did not significantly differ in any baseline characteristic (P > .10) or baseline 259 

measurements (P > .26). The groups did not significantly differ in the occurrence of new 260 

neck injuries or in the receipt of additional treatment (outside that provided by the study) over 261 

the duration of the study (Table 3). 262 

 263 

Ventral and Dorsal Neck Muscle Endurance  264 

Data from the NME tests for both the ventral and dorsal muscles are shown in Table 4. For 265 

dorsal NME a total of 182 individuals were included in the linear mixed model and 185 266 

participants for ventral NME.  For dorsal NME there were no significant group*time*gender 267 

interaction effect (F = 1.3, P = .25) but a significant group-by-time interaction effect (F = 4.1, 268 

P = .003), where both the NSE and NSEB groups (F = 6.8 to 5.5, P < .05) improved in dorsal 269 

NME from baseline to six months compared to the PPA group (F = .42 P = .66). 270 
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For ventral NME, we found no significant interaction effects between group*time*gender (F 271 

= 1.4, P = .23) or group*time (F = 1.8, P = .13) but a significant group by gender interaction 272 

effect (F = 3.2, P = .04)  When stratified for gender, there were significant differences 273 

between groups for men at six months (F = 4.2, P = .02), men in the NSE and NSEB groups 274 

showed higher ventral NME compared to men in the PPA group.   275 

 276 

Perceived neck pain  277 

There were significant between-group differences in pain intensity; pain was decreased 278 

for the NSE group at three months (P < .05) compared to the PPA group. At six months both 279 

the NSE and NSEB groups had decreased pain after the NME test compared to the PPA 280 

group (p = .04). (Table 5).  281 

 282 

Kinesiophobia  283 

TSK score did not significantly differ between groups (P > .12). From baseline to the 284 

six-month follow-up, the NSE group showed significant improvements in the total TSK-11 285 

score, and on the subscales for activity avoidance and somatic focus (P < .01). Over this time 286 

period, the NSEB group only showed improvement on the activity avoidance subscale (P < 287 

.03). For both the NSE and NSEB groups, these improvements were small (1 to 3 points). 288 

The PPA group showed no significant improvements over time (P > .19) (Table 5). 289 

 290 

 291 

 292 
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Patient Satisfaction  293 

At the six-month follow-up, 55% of the NSE group and 67% of the NSEB group 294 

reported that they were very satisfied with their treatment (score of 6 and 7 on the Likert 295 

scale). These proportions were significantly greater than in the PPA group (19%; P < .01). 296 

Exercise Compliance  297 

Compliance to exercise did not significantly differ between groups at three (P = .07) or 298 

six months (P < .90) (Table 3).  299 

 300 

DISCUSSION 301 

The present findings suggest that neck-specific exercise has positive effects on neck 302 

endurance in patients with chronic WAD. Both neck-specific exercise groups (NSE and 303 

NSEB) showed significant improvements in dorsal muscle endurance, which were not 304 

observed in the PPA group. Pain intensity immediately following endurance testing was 305 

decreased at six months in the NSE and NSEB groups. These results indicated that neck-306 

specific exercise can improve the capacity to tolerate sustained loading of the neck, which is 307 

a problem in individuals with WAD.7, 38 While general exercises show benefits in modulating 308 

17 and preventing 18, 19 chronic pain, they don’t appear to specifically address the motor 309 

deficits in patients with WAD.4-6  310 

Previous RCT studies including chronic WAD patients have concluded that exercise 311 

does not improve function15, 26 and that advice is equally effective compared to a 312 

comprehensive exercise program39 or individualized exercise.27 However, this neck-specific 313 

exercise program (NSE and NSEB) targeted at improving the endurance of the deep flexor, 314 

rotator, and extensor muscles, was also beneficial in improving neck function and reducing 315 

analgesic drug.29 Compared to participants in the PPA intervention, individuals within both 316 

neck-specific exercise groups also tended to be more compliant with their recommended 317 
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exercise program (this difference approached significance) and reported higher levels of 318 

satisfaction with their exercise intervention. The quality of treatment recommendations and 319 

information (including cause, prognosis and prevention) were reported as important factors 320 

for patient satisfaction with treatment40 suggesting that individuals with WAD may perceive 321 

neck-specific exercise to be more relevant to their condition than PPA. 322 

In contrast to our original hypothesis, our present findings did not show improved 323 

outcomes when a behavioral approach added to the exercise intervention. The NSEB group 324 

experienced a more rapid improvement in dorsal muscle endurance. We had anticipated that 325 

the addition of a behavioral approach would improve the benefits of neck-specific exercise by 326 

potentially reducing the individual’s kinesiophobia and the associated negative effects on 327 

exercise. However, TSK score did not differ between groups. Only the NSE group showed 328 

improvements on both TSK subscales and on the total TSK measures over time. In contrast, 329 

the NSEB group showed improvement only on the activity avoidance subscale. It is possible 330 

that non-provocative neck-specific exercises may also be beneficial in reducing fear of 331 

movement in WAD. However, the presently observed improvements in TSK were small, and 332 

TSK scores at baseline were relatively low. This indicates that kinesiophobia may not have 333 

been of significant clinical concern for the participants in the present study, which would 334 

make it difficult to detect clinically important change. 41  335 

 336 

Study Limitations 337 

The present study has several limitations. Improvements in neck muscle endurance 338 

were not observed across all conditions. Men in the NSE and NSEB group showed 339 

significantly enhanced ventral NME at six months follow-up. However, there was not a 340 

significant group by time interaction effect for dorsal NME for men so the results should be 341 

interpreted with caution. Future studies must consider whether the ventral neck muscle 342 
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exercises used in this study were the most appropriate compared to other exercise programs 343 

that have reportedly led to improvements.42, 43  344 

Overall, using endurance measures similar to those used in previous studies, here we 345 

recorded lower neck muscle endurance capacity than previously reported in healthy 346 

individuals34, 44 and in cases of non-specific neck pain,35, 44 especially for the dorsal neck 347 

muscles. Baseline measurements showed that women in the present study only had 10 % 348 

(dorsal muscles) and 52 % (ventral muscles) of the NME reported in healthy individuals,34 349 

while men showed 18 % (dorsal muscles) and 46 % (ventral muscles) of the NME values.34 350 

At the six-month follow-up, both the NSE and NSEB groups showed improved NME, but 351 

these values were still much lower compared to those reported in healthy individuals for both 352 

dorsal (women, 22 %; men, 35 %) and ventral neck muscles (women, 63 %; men, 51 %).34 353 

These findings, together with the observed inconsistent improvements in endurance in 354 

response to exercise, suggest that individuals with chronic WAD may require a longer 355 

training period to maximize improvements in endurance compared to patients with non-356 

specific neck pain.  357 

It must also be noted that the present findings are limited to the presently delivered 358 

exercise programs and behavior intervention. The gold standard for an RCT design would 359 

involve blinded investigators and participants, but it is not possible to blind patients/providers 360 

in exercise studies. This may have impacted the results if the participants and/or 361 

physiotherapists were influenced by their perceptions regarding the type of exercise program 362 

they were undertaking (NSE, NSEB, or PPA programs). Our findings suggest the participants 363 

had similar expectations for all three exercise programs (Table 1), but it cannot be excluded 364 

that the differences in consultation time with therapists between the exercise interventions 365 

may have affected findings. Limitations of the prescribed exercise approaches could have 366 

contributed to the small improvements observed in ventral NME. Likewise, different 367 
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behavioral interventions may have been more successful in reducing kinesiophobia and 368 

enhancing the effects of exercise compared to the effects demonstrated in this study. Future 369 

studies should investigate potentially better strategies for training ventral neck muscles as 370 

well as improving fear of movement and re-injury. The generalizability of the present study 371 

may be further limited by the fact that 23% of participants were lost to follow-up at six 372 

months. However, drop-out analysis showed no significant differences between participants 373 

who dropped out and those who completed the study. 374 

 375 

Conclusions 376 

In conclusion, among individuals with chronic WAD, neck-specific exercises resulted 377 

in greater gains in neck muscle endurance, decreased pain intensity immediately following 378 

endurance testing and greater patient satisfaction compared to prescribed physical activity. 379 

These findings suggest that neck-specific exercises should be considered as part of the total 380 

management plan for individuals with persistent pain and disability after a whiplash injury. 381 

Addition of the behavioral approach to exercise led to a more rapid improvement in dorsal 382 

muscle endurance, but no other effects. 383 
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Table 1. Description of the interventions. For more details see Appendix A, B and C. 

 

Neck-specific exercise (NSE) 

Week 1. Exercise targeted to facilitate the deep neck muscles, (sustain contraction for 3-5 

seconds, 3 sets x 5, progress to 3 sets x 10). Advised to exercise daily, 2 to 3 times/day. 

Basic information regarding neck muscle function provided, but avoid aggravation of pain. 

 

Week 2-3. Neck-specific exercise with isometric resistance in supine, progress to sitting 

position, (sustain contraction 3 to 5 seconds, 3 sets x 5, progress to 3 sets x 10). Advised to 

exercise daily, 2 to 3 times/day. 

Information provided regarding postural control and to not aggravate pain. 

Introduction to specific gym exercise twice weekly. 

 

Week 3-12. Neck-specific gym exercise in weighted pulley, starting load 0.25 to 0.5 kg 

(start with 3 sets x 5, progress to 3 sets x 30). 

Introduction to home-exercise, the same exercise as in gym but with resistance rubber bands. 

Exercise in gym 2 times/week and home exercise1 times/week. 

 

Theory underlying NSE program: Whiplash-associated disorders are known to be associated 

with impaired cervical neck muscle function thought to jeopardize the physical support of the 

cervical vertebral column. This disruption of physical support may result in subsequent 

perpetual strain to pain sensitive cervical structures and persistent mechanical neck pain. 

 

Key intent of NSE program: Progressive training of cervical neck muscles to address known 

impairments with an initial emphasis on facilitating deep cervical muscle activity and 

subsequent advancement to cervical endurance training. All exercise is performed with 

minimal aggravation of pain to minimize the deleterious impact of pain and to reduce 

generalized pain hypersensitivity. 

 

Neck-specific exercise with behavioral approach (NSEB) 

Week 1-2. Specific activity goal setting. Education in neurophysiological and neurobiological  

processes that can explain aggravating chronic pain. Body awareness techniques for 

relaxation and postural control. Information in coping strategies to recover from relapse of 

pain. Neck-specific exercise delivered as for the NSE group but encouraged to continue to 

exercises despite some pain. 

 

Week 3. Neck-specific exercise with isometric resistance  (same as NSE) 

Education regarding awareness of the influence that thoughts have on behavior. 

 

Week 4-5. Introduction to neck-specific gym and home exercise (same as NSE). 

Home-exercise including exercises to achieve the specific activity goal and the addition of 

relaxation techniques. (Exercise in gym 2 times/week and home 1 times/week.) 

 

Introduction to breathing exercise for relaxation. 

 

Week 6-7. Continued gym and home exercise with gradual progression. 

Repetition and reinforcement of pain education from week 1. 
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Week 8-10. Continued gym and home exercise with gradual progression. 

Follow-up of the specific activity goal. 

 

Week 11-12. The participant formulated strategies for dealing with relapse of pain  

and follow-up of the specific activity goal. 

 

Theory underlying NSEB program: Fear of pain and avoidance of activities that cause pain 

may jeopardize the successful participation of individuals with WAD in rehabilitative exercise 

programs and ability to perform daily activities. That may in turn further contribute to the 

persistence of pain and disability. 

 

Key intent of NSE program: Progressive training of cervical neck muscle function to address 

known muscle impairments with an initial emphasis on facilitating deep cervical muscle 

activity and subsequent advancement to cervical endurance training. In contrast to the NSE 

program, the NSEB program does not emphasis avoidance of pain. Instead it encourages 

exercise and activity despite pain in an effort to modify behavioral responses considered to 

perpetuate the persistence of pain.  

 

Prescription of physical activity group (PPA) 

Week 1. Motivational interviewing. Physical examination and individualized  

physical exercise program. (Neck-specific exercise was not included) 

 

Week 2-12. Continued exercise at home or location outside of health care system.  

One follow-up with the physiotherapist was possible and the participants could 

phone the physiotherapist if they had questions.     

  

Theory underlying PPA program: Regular general physical activity can result in a systemic 

modulation of pain and improved general physical/functional capacity. Physical activity 

activate descending pain-inhibiting systems and result in decreased pain sensitivity.  

                                                                        

Key intent of PPA program: Progressive increase in general physical activity and aerobic 

fitness.  

 

 

 

 

 

 

 

 540 

 541 

 542 

 543 



27 
 

Table 2. Baseline variables for the three intervention groups; neck specific exercise, neck specific exercise with behavioral approach and 

prescription of physical activity. 

 

* Months since whiplash injury 

† Whiplash injury as a result of a motor vehicle accident 

‡ Whiplash injury due to other accidents (e.g. fall, skiing, diving) 

§ Sought health care (physician, physiotherapist) for neck pain after the whiplash injury, before entry in the study. 

¶ Expectation on NSE, NSEB and PPA exercises before treatment; score 0 to 100, higher scores indicating higher expectations. 

Variables NSE group (N = 76) PPA group (N = 69) P-value

Variabel mean (SD)[range] 

Age, (years) 38.1 (11.3) [18 – 62] 42.9 (10.7) [18 – 63] 0.03

BMI kg/m2 25.7 (4.0) [19 – 35] 26.7 (4.9) [19 – 43] 0.10

Injury duration* 19.1 (8.5) [6 – 36] 19.6 (9.7) [6 – 36] 0.69

Variables n (% group)

Gender n (%) female 57 (75%) 38 (55%) 0.04

Whiplash motor accident
† 65 (86%) 54 (82%) 0.29

Whiplash other accident
‡ 11 (14%) 12 (14%) 0.29

WAD grade II 49 (64%) 41 (59%) 0.08

WAD grade III 27 (36%) 28 (41%) 0.08

Previous treatment
§ 64 (85%) 53 (78%) 0.37

Work full-time 43 (56%) 37 (54%) 0.72

Expectations NSE
¶ 7 (6 – 9) [2 – 10] 7 (5 – 8) [0 – 10] 0.38

Expectations NSEB
¶ 7 (5 – 9) [1 – 10] 7 (5 – 8) [0 – 10] 0.13

Expectations PPA
¶ 7 (5 – 8) [1 – 10] 7 (5 – 8) [0 – 10] 0.76

8 (7 – 9) [3 – 10]

7 (6 – 9) [0 – 10]

7 (5 – 9) [2 – 10]

38 (54%)

57 (80%)

36 (51%)

Variables median (IQR) [range]

47 (66%)

54 (76%)

17 (24%)

33 (46%)

NSEB group (N = 71)

40.1 (11) [19 – 63]

25.9 (5.1) [18 – 45]

20.3 (8.9) [6 – 36]
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NSE; neck specific exercise, NSEB; neck specific exercise with behavioral approach, PPA; prescription of physical activity, BMI; body mass 

index, WAD; whiplash-associated disorder, NDI; neck-disability index, IQR; interquartile range 

 

Table 3. Additional treatment, adherence to exercise and incidence of new neck 

injury for the three intervention groups at three and six months*. 

 

*Values are number of individuals and percentage per group 

†Sought additional treatment due to neck pain. 

‡Completed more than 50% of the recommended intervention sessions. 

§New neck injury from baseline to three and six months follow up. 

NSE; neck specific exercise, NSEB; neck specific exercise with behavioral intervention, PPA; prescription of physical activity. 

Variables NSE NSEB PPA P-value

Treatment
†

3 months 10 (16%) 10 (16%) 11 (19%) 0.50

6 months 16 (29%) 11 (24%) 15 (29%) 0.35

Compliance
‡

3 months 43 (73%) 44 (74%) 19 (50%) 0.07

6 months 16 (50%) 22 (53%) 20 (50%) 0.90

Neck injury
§

3 months 3 (5%) 2 (3%) 4 (7%) 0.61

6 months 0 1 (2%) 3 (6%) 0.14
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Table 4. Ventral and dorsal neck muscle endurance (NME) for the three groups; neck specific exercise, neck specific exercise with behavioral 

approach and prescription of physical activity at baseline, three months and six months follow up.  

 

Values are presented as geometric mean (back transformed log10) and 95 % confidence interval (CI). 

* P values reported for the; overall change over time Pt; differences between group Pg; differences between gender Ps; interaction between group 

and time Pt*g; interaction between time, group and gender Pt*g*s 

Variable  Period NSE NSEB PPA P t P g P s P t*g P t*g*s

Ventral NME†

Whole group Baseline 19 (15 – 26) 25 (19 – 32) 22 (16 – 30)

3 months 21 (18 – 28) 29 (23 – 39) 25 (19 – 35)

6 months 28 (22 – 38) 34 (26 – 45) 23 (17 – 32) < .01 .07 < .01 .13 .23‡

Women Baseline 15 (12 – 22) 18 (14 – 24) 20 (13 – 34)

3 months 19 (15 – 25) 21 (17 – 29) 21 (14 – 34)

6 months 23 (18 – 31) 24 (17 – 34) 24 (17 – 35)

Men Baseline 36 (20 – 66) 41 (27 – 62) 36 (21 – 66)

3 months 37 (21 – 66) 52 (34 – 81) 29 (19 – 46)

6 months 54 (30 – 105) 59 (42 – 87) 22 (14 – 39) < .02§

Dorsal NME†

Whole group Baseline 41 (29 – 62) 44 (32 – 63) 42 (28 – 65)

3 months 57 (42 – 79) 64 (46 – 93) 35 (23 – 56)

6 months 86 (62 – 123) 84 (60 – 120) 42 (28 – 66) < .01 .06 .11 < .01 .25‡

Women Baseline 37 (23 – 59) 34 (23 – 154) 49 (28 – 91)

3 months 53 (36 – 79) 49 (32 – 76) 43 (24 – 78)

6 months 75 (50 – 115) 65 (42 – 102) 55 (32 – 98) < .02¶

Men Baseline 68 (36 – 132) 67 (40 – 120) 36 (21 – 68)

3 months 71 (38 – 135) 101 (56 – 186) 31 (17 – 60)

6 months 144 (74 – 282) 128 (72 – 234) 35 (19 – 68) < .02¶

Group, geometric mean, 95% confidence interval (95% CI) P  values*
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†Neck muscle endurance in seconds for the groups, geometric mean and (95% CI) 

‡ P values for the main linear mixed model analyses, group*time*gender interaction effect (group; NSE, NSEB and PPA, time; baseline, three 

and six months, sex; women and men). The p-values§¶ shows the significant differences between groups from the linear mixed model. 

§ Significant differences between groups in ventral NME at six months. 

¶ Significant differences between groups in time*group interaction effect in dorsal NME. 

NME; neck muscle endurance, NSE; neck specific exercise, NSEB; neck specific exercise with behavioral approach, PPA; prescription of 

physical activity. 
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Table 5. Pain intensity measured immediately prior and following the neck muscle endurance test, the participants self-reported fear of 

movement for the three intervention groups; neck specific exercise, neck specific exercise with behavioral approach, and prescription of physical 

activity.  

 
 

Values are presented as median, inter-qurtile range (IQR) and range [].  

* Significant with-in group differences with respect to time p < .05 

Variables n NSE n NSEB n PPA P NSE-PPA P NSEB-PPA P NSE-NSEB P

VAS before NME
‡ Baseline 76 26 (14 – 53) [0 – 95] 71 30 (12 – 53) [0 – 89] 69 32 (23 – 53) [0 – 94] 0.41

3 months 62 17 (2 – 39) [0 – 97] 66 23 (4 – 45) [0 – 85] 55 30 (10 – 57) [0 – 100] 0.05 -5.0 .02 -3.0 .16 -2.0 .27

6 months 55 11 (3 – 11) [0 – 92] * 59 21 (5 – 39) [0 – 85] * 51 24 (6 – 62) [0 – 91] 0.09 -7.0 -2.0 -5.0

VAS after NME
§ Baseline 76 33 (24 – 58) [0 – 97] 71 43 (17 – 60) [0 – 95] 69 42 (26 – 63) [4 – 97] 0.44

3 months 62 24 (5 – 48) [0 – 95] 66 32 (9 – 55) [0 – 98] 55 41 (21 – 64) [0 – 100] 0.03 -11.0 .01 -5.0 .09 -6.0 .39

6 months 52 25 (6 – 44) [0 – 97] * 56 27 (9 – 54) [0 – 77] * 51 40 (16 – 48) [0 – 87] 0.04 -7.5 .04 -5.5 .05 -2.0 .94

TSK - 11
¶ Baseline 76 22 (18 – 27) [12 – 37] 71 21 (17 – 26) [12 – 41] 67 21 (16 – 28) [12 – 36] 0.95

6 months 54 19 (15 – 23) [11 – 36] 57 19 (15 – 25) [11 – 40] 52 21 (15 – 26) [11 – 43] 0.47 -2.5 -2.0 -0.5

TSK-AA
** Baseline 76 12 (10 – 15) [6 – 22] 71 12 (9 – 15) [6 – 23] 67 12 (9 – 15) [6 – 21] 0.76

6 months 54 11 (8 – 14) [5 – 21] * 57 10 (8 – 13) [6 – 22] * 52 12 (8 – 15) [6 – 23] 0.24 -2.0 -1.0 -1.0

TSK-SF
†† Baseline 76 9 (7 – 12) [5 – 17] 71 10 (7 – 13) [5 – 19] 67 10 (7 – 12) [5 – 19] 0.68

6 months 54 8 (6 – 10) [5 – 16] * 57 8.5 (6 – 13) [5 – 18] 52 9 (6 – 11) [5 – 20] 0.27 -0.5 0.5 -1.0

Group median, inter-quartile range (IQR) and range [ ] Treatment effects and P values†
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† Treatments effects at follow-up time (three and six months). If significant between-group differences in the Kruskal-Wallis test are evident, the 

p-values for post-hoc comparisons are shown. For outcomes; a negative effect favors the first group (the underlined group (NSE-PPA, NSEB-

PPA, NSE-NSEB). 

‡§VAS 0 to 100, higher scores indicating higher pain intensity, median, inter-quartile range (IQR) for the groups measured immediately before‡ 

and after§ the NME tests. 

¶TSK-11; total score short form, 11 items, from 11 to 44, higher scores indicate higher fear of movement and (re)injury, TSK-AA**; subscale 

activity avoidance, 5 items, from 5 to 20, TSK-SF††; subscale somatic focus, 6 items, from 6 to 24. 

NME; neck muscle endurance, NSE; neck specific exercise, NSEB; neck specific exercise with behavioral approach, PPA; prescription of 

physical activity. 
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Fig 1.  Flow diagram of participant recruitment and retention (n = total number; 

women/men). 
 
 

 

 

 

 

 

 

 

 

 

 E
n

ro
lm

e
n

t 

Assessed for eligibility by letter (n=7950) Letters 

for enquiry sent to individuals who had sought national care 
units in the preceding 6-36 months due to neck pain/whiplash 

 
Excluded (n=7324)  
Did not meet inclusion criteria (n=2173)  

Declined to participate (n=289) 

Address unknown (n=314)                        

Did not respond to the letter (n=4548) 

 

 

Assessed for eligibility by screening (telephone, 

physical examination (n=419) 

 

Neck specific exercise (NSE)          

Allocated to intervention (n=76)  

Never started intervention (n=6) 

Neck specific exercise with 

behavior intervention (NSEB) 

Allocated to intervention (n=71)  
Never started intervention (n=3) 

 

Prescribed physical activity 

(PPA)  

Allocated to intervention (n=69)  
Never started intervention (n=5) 

 

Follow-up 3 months  

Lost to follow ups (Lack of 

time/personal reason n=6, more 

pain after exercise n=1, unknown 

n=4, severe disease n=3, pregnant 

n=1) (n=15) 

Analyzed (n= 61; 45 /16) 

 

 

Follow-up 3 months  

Lost to follow-up 3 months (Lack of 

time/personal reason n=2, unknown 

n=1, moved n=1) (n=4) 

 

 

Analyzed (n= 67; 44/23) 

 

 

Follow-up 3 months  

Lost to follow-up 3 months (Lack 

of time/personal reason n=5, 

unknown n=3, severe disease n=4) 

(n=12) 

 

Analyzed (n=57; 29/28) 

 

 
Follow-up 6 months  

Lost to follow-up 6 months (Lack of 

time/personal reason n=4, more pain 

after exercise n=1, unknown n=4, 

moved n=2) (n=11) 

 

 

Analyzed (n=60; 39/21) 

 

Excluded (n=203) 
No whiplash injury (n=15)                                                  

Whiplash injury > 3 years ago (n= 37)                                                                                          

Working hours  make it impossible to participate (n= 37)                   

Other severe illness/severe pain elsewhere (n=42)                                         

Traumatic brain injury (n=3)                             

Fracture/luxation/op cervical spine (n=4 )                                                                      

Travelling abroad, moved to another city (n=8)    

Insufficient command of Swedish language (n=16)                           

Did not come to physical examination/no answer (=18)                                         

Sick leave > 1 months before whiplash injury (n=11)                                     

Declined to participate (n=12)                                                              

 

 

 

 

 

Randomized (n=216) 

 

Answered letter, agreed to participate (n=626) 

 

Excluded (n=207)                                  
Did not meet inclusion criteria for VAS and/or NDI

  

 

Follow-up 6 months  

Lost to follow-up 6 months  

(Lack of time/personal reason n=8, 

more pain after exercise n=1, 

unknown n=10, severe disease n=3) 

(n=22) 

 

Analyzed (n=54; 39/15)  

 

 

Follow-up 6 months  

Lost to follow-up 6 months (Lack 

of time/personal reason n=6, 

more pain after exercise n=1, 

pregnant n=1, unknown n=4, 

moved n=1, severe disease n=5) 

(n=18) 

Analyzed (n=51; 23/28) 

 

 



APPENDIX A  

Neck-Specific Exercise (NSE) Group 

Current recommendations for treatment of chronic whiplash-associated disorder include non-

provocative exercise regimens1 to avoid symptom exacerbation. In accordance, the 

participants in the NSE group were instructed to avoid pain aggravation during exercise. In 

addition to neck-specific exercises, this program included exercises for the shoulder girdle 

(axio-scapular muscles), low back, and abdomen, as well as stretching exercises.  

Week 1  

 Neck-specific exercise (Appendix B) aiming to facilitate deep neck muscles. 

 Provision of basic information regarding neck muscle function and the importance of 

exercising daily but avoiding pain aggravation. 

Weeks 2-3 

 Provision of information regarding the use of good body posture to minimize postural 

strain.  

 Isometric neck-specific exercises in the supine and sitting positions. 

  Introduction to neck-specific gym exercise (Appendix C).  

Weeks 3-12  

 Continued training with gradual progression.  

Week 12  

 Prescription of physical activity, instructions to continue with neck-specific and 

general exercise outside of the physiotherapy clinic. 

 

 

 



Neck-Specific Exercise with Behavioral Approach (NSEB) Group  

The behavioral intervention in this study was based on social cognitive theory (SCT) and the 

trans-theoretical model (TTM).2 Behavior changes are motivated by beliefs about the 

consequences of one’s behavior (e.g. fear of pain and/or (re)injury) and the ability to perform 

an activity despite pain. SCT methods for behavioral change include goal setting, enhancing 

the knowledge and skills needed to perform a given behavior, performing the given activity 

in small steps to ensure success (graded activity), stress management training, and learning 

strategies to deal with pain relapse. The TTM focuses on five stages of behavior change, 

including maintenance of an already changed health behavior (e.g. continuing to exercise).  

Weeks 1-2 

 Specific activity goal setting. The participants formulated three specific activity goals 

to improve daily activities at work, during leisure time, and during physical exercise. 

The participants chose activities that they had difficulties undertaking due to neck 

pain or due to the fear of aggravating neck pain. The goals were designed to be 

achievable during the 12-week rehabilitation program (e.g. 20 minutes of computer 

work performed 5 days a week). 

 Education in neurophysiological and neurobiological processes underlying chronic 

pain. 

 Provision of information regarding coping strategies and recovering from pain 

relapse. 

 Neck-specific exercises (Appendix B) aiming to facilitate deep neck muscles. 

 Instructions in relaxation exercises and body awareness techniques for postural 

control. 

 



Week 3 

 Isometric neck-specific exercises performed in the supine and sitting positions. 

 Introduction to self-monitoring and awareness of the influences of thoughts on 

behavior.  

Weeks 4-5  

 Introduction to neck-specific gym exercise (Appendix C). 

  Specific activity goal exercise. 

  Breathing exercises. 

Weeks 6-7 

 Continued training with gradual progression. 

 Reinforcement of education regarding the neurophysiological and neurobiological 

processes in chronic pain. 

Weeks 8-10  

 Follow-up of specific activity goal exercises, and continuation of neck-specific gym 

exercises. 

Weeks 11-12  

 Strategies for dealing with neck pain relapse. 

 Follow-up of specific activity goal exercise. 

 Prescription of physical activity, and instructions to continue with exercise outside of 

the physiotherapy clinic. 

 

Prescription of Physical Activity (PPA) Group 

Physical activity was prescribed with the aim of increasing general physical activity and 

aerobic fitness in order to decrease pain. Physical activity is considered to be of great benefit 

in the rehabilitation of patients with persisting pain.3 Such physical activity must be 



performed regularly for at least 10 minutes, and should be of at least moderate intensity.1 The 

instructional session for the PPA group was 60 minutes long, with the possibility of one 

additional 30-minute follow-up session. 

Week 1  

 Physical examination and motivational interviewing. 

 Individualized physical exercise program, not including neck-specific exercises.  

Weeks 2-12 

  Physical exercises at home or at a selected location outside of the health care system 

(eg, a gym), with the possibility of one follow-up with the physiotherapist. 

 The participants were permitted to phone the physiotherapist if they wished to ask 

questions during the first 12 weeks. 
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APPENDIX B 

Neck-Specific Exercises 

Neck-specific exercises were performed in the supine position. The physiotherapist instructed 

the patient to very slightly press their neck in the direction of the physiotherapist’s fingers. 

During these exercises, the patient was asked to try to minimize their contraction of the 

superficial neck muscles (m. trapezius, m. sternocleidomastoid, or m. scalene muscles). It 

was crucial to establish a correct movement pattern before the patient started home exercises. 

 

 

Appendix B Fig 1. Isometric Extension: The patient was instructed to feel the gentle touch 

from the physiotherapist’s palpation.. The patient was told to think of the movement as “if 

you perform a neck extension but do not move your head. Move your eyes in that direction—

up (over your head)” and hold the contraction for 3 to 5 seconds.  



 

Appendix B Fig 2. Isometric Flexion: In the starting head position, the patient was instructed 

to relax their jaw, keeping their lips together but teeth apart and their tongue relaxed. The 

physiotherapist’s fingers were placed gently under the patient’s chin. The patient was 

instructed to  “Perform a gentle nod, slightly press your chin against my finger but without 

moving. Move your eyes and look down” and maintain the contraction for 3 to 5 seconds. 

This exercise was performed with progressive increases of the isometric resistance (pressing 

the fingers to the chin). 

 



Appendix B Fig 3. Isometric Rotation: The patient was instructed to “Think about rotating 

your head but do not move your head. Move your eyes and look to the right, and hold still for 

3 to 5 seconds. Then move your eyes to the left, and hold still for 3 to 5 seconds”. This 

exercise was performed with progressive increases of isometric resistance (pressing the 

fingers to the temple). 

 Home exercise daily: start with 3 sets of 5 repetitions of each exercise.  

 Increase the exercises towards 3 sets of 10 repetitions in the supine and sitting 

positions.  

 

 

 



APPENDIX C 

Neck-Specific Gym Exercise 

The patients were instructed to maintain a neck position of slight upper cervical flexion and 

retraction when performing isometric training of the neck muscles in flexion, extension, and 

lateral flexion. The starting load (weighted pulley) was 0.25 to 0.5 kg. The focus of the 

exercise was endurance training with a gradually progression of exercise parameters up to 3 

sets of 30 repetitions. The physiotherapist chose one of two exercises for flexion (Appendix 

C Fig 1A or B), extension (Appendix C Fig 1C or D), rotation (Appendix C Fig 1E or 1F) as 

well as lateral flexion (only one available exercise option) (Appendix C Fig 1G). The 

participant started with exercise 1B and 1D if they were unable to maintain the neck position 

(upper flexion and retraction) during the weighted pulleys exercises. The rotation exercise 

was dynamic, using an elastic rubber band that was gently held between the teeth (Appendix 

C Fig 1E) or in the supine position with load (Appendix C Fig 1F). 

 

Fig.1a 



 

Fig 1b 

 

Fig.1c 



 

Fig. 1d 

 

Fig. 1e 



 

Fig. 1f 

 

Fig. 1g 

Appendix C Fig 1. For each of the following exercises participants were given the following 

instructions (and exercise parameters (sets and repetitions)) with the common theme for each 



exercise on maintaining good postural alignment and movement control  - A, Lean your body 

forward, 3 sets × 5 repetitions. B, Lift your head just above the table, 3 sets × 5 repetitions. C, 

Lean your body backwards, 3 sets × 5 repetitions.  D, Lift your head just above the table, 3 

sets × 5 repetitions. E, Turn your head to the right, hold 3 to 5 seconds, than move to the left 

and hold for 3 to 5 seconds, 3 sets × 5 repetitions in each direction. F, Turn your head to the 

right, hold 3 to 5 seconds, then move to the left and hold for 3 to 5 seconds, 3 sets × 5 

repetitions in each direction. G, Lean your body away from the pulley (lateral flexion) 3 sets 

× 5 repetitions to the left and 3 sets × 5 repetitions to the right. 
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