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Abstract
Background: Years after whiplash injury, more than 40 % of people experience persistent neck pain and disability, called whiplash-associated
disorders (WAD). The relations between neck related function, neck pain and disability are inconclusive and need to be further investigated. The
aims were; a) to compare the effect of three different exercise interventions – neck-speci�c exercise (NSE), NSE with a behavioral approach (NSEB)
and prescribed physical activity (PPA) – on neck-muscle endurance (NME), active cervical range of motion (AROM), grip strength and pain intensity
immediately before and after the tests, and b) to compare neck-disability in individuals who are below or above the cut-off for normative reference
values of healthy individuals regarding NME, AROM and grip strength.

Methods: This is a secondary analysis of a randomized controlled multicenter study including 12 months’ follow-up. A total of 216 individuals with
chronic WAD grades II or III were recruited. Data were recorded at baseline, 3, 6, and 12 months. Linear mixed models were used and sub-group
analyses were evaluated with non-parametric tests.

Results: NSE and NSEB resulted in greater improvements compared to PPA (p < .01) and were maintained at 12 months’ follow-up in ventral (only
males) and dorsal NME, AROM and pain intensity during testing. In grip strength, there were no signi�cant between-group differences (p > 0.05).
There were no signi�cant differences between the NSE and NSEB groups (p > .05). Sub-group analyses revealed improvement in disability at 12
months follow-up in NSE and/or NSEB for individuals both below and above the cut-off reference value in NME and AROM. More severe disability
was seen in individuals below the reference values both at baseline and 12 months’ follow-up. Individuals in the PPA group below the reference
values in NME and AROM reported increasing disability at 12 months compared to baseline.

Conclusion: The results suggest that neck-speci�c exercises (NSE, NSEB) improved clinical function and decreased disability in chronic WAD
compared to PPA. The results may imply that higher neck-related clinical function can be important for reduced disability.  

Trial Registration: ClinicalTrials.gov: NCT01528579, date of registration: February 8, 2012, retrospectively registered;
https://clinicaltrials.gov/ct2/show/NCT0152857

Background
Years after a whiplash injury, more than 40% of patients experience persistent neck pain, disability, dizziness and other symptoms known as
whiplash-associated disorders (WAD) (1–3). The injury and pain cause an altered function in the cervical spine and neck muscles (4–8) and can
affect upper limb function (9–11). Self-reported pain and neck-related disability which affect personal care, lifting, reading, work, driving, and
recreation can predict recovery after whiplash injury (12), but the relations between physical capacity and neck pain and disability are inconclusive
(13, 14). Improved neck muscle endurance was an important factor in decreasing neck pain in WAD (15). Decreased cervical range of motion can
affect daily activities, for example can skill driving be restricted by less than 40° cervical rotation (16). In healthy adults, low grip strength were
associated with risk of all-cause mortality and low cardiovascular �tness (17–19) and males with low grip strength in adolescence were at an
increased risk of obtaining the disability pension (20).

In chronic WAD with arm- and neck pain, it can be speculated that decreased neck muscle function and cervical range of motion may lead to lower
physical activity and thereby to general lower muscular strength and lower cardiovascular �tness. Exercises to improve function are important after
whiplash injury and is recommended in combination with education as the primary intervention in chronic WAD (21). Randomized controlled
exercise studies have reported, at best, modest evidence for improvements in chronic WAD (22–24). Neck-speci�c exercises, previously reported by
our research group, led to reduced disability and pain one year after intervention (25), as reported in a questionnaire. Improvement in neck muscle
endurance (NME) was also seen at 6 months’ follow-up (26). The long-term effect of neck-speci�c exercises on NME at 12 months’ follow-up has
not been investigated nor has active cervical range of motion (AROM) or grip strength. Measurement of pain during testing may give information as
to whether potentially improved physical function (NME, AROM and grip strength) also leads to less pain provocation. Moreover, to compare self-
reported disability in individuals below against in line or above cut-off reference values for NME, AROM and grip strength in the three different
exercise interventions (NSE, NSEB and PPA) can lead to enhanced understanding and improved exercise interventions for chronic WAD. We
hypothesized that neck-speci�c exercise would have a positive effect on the deep and super�cial neck muscles to control intersegmental motion
and improve NME. We also hypothesized there would be some secondary effects of exercise on AROM and grip strength due to improved NME and
decreased pain, which would thereby create an opportunity to decrease disability.

The aims of the present study were to evaluate neck-related clinical function and the relation to self-reported disability in chronic WAD as follows: a)
compare the effect of three different exercise interventions – neck-speci�c exercise (NSE), neck-speci�c exercise with a behavioral approach (NSEB)
and prescribed physical activity (PPA) – on NME, AROM, grip strength and pain intensity before and after the tests, and b) to compare self-reported
neck-disability in individuals who are below against in line with or above the cut-off for normative reference values of healthy individuals regarding
NME, AROM and grip strength.

Methods
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This planned secondary analyses of NME, AROM and grip strength included participants in a prospective randomized controlled (RCT) multi-center
study (ClinicalTrials.gov: NCT01528579), with assessor and group allocation blinding and included a 12 months’ follow-up. This research is
reported according to the CONSORT guidelines (27).

Participants
In this study 216 participants were included, 142 females and 74 males (mean age 40 years; SD, 11.4), of whom 123 had WAD grade II (neck pain
and musculoskeletal signs) and 93 had grade III (neck pain plus neurological signs) (28). The �ow diagram shows details of participants,
recruitment and retention (Fig. 1). The recruitment of participants and the exercise interventions were reported earlier (26) and are brie�y described
below. Inclusion criteria were: neck symptoms associated with a whiplash injury at least 6 months but not more than 3 years prior to study entry,
age between 18 and 63 years, WAD grade II or III, an average neck pain intensity over the past week > 20 mm according to a 100-mm Visual Analog
Scale (VAS), and/or > 20 on the Neck Disability Index (NDI, 0–100). Exclusion criteria were: signs of traumatic brain injury at the time of whiplash
injury (disorientation, confusion, loss of consciousness, retrograde and posttraumatic amnesia), previous serious neck pain causing sick leave of
more than 1 month during the 12-month period before their whiplash injury, inability to understand and write in Swedish, previous serious neck
trauma/injury, neuromuscular or rheumatic disease, severe mental illness, current alcohol or drug abuse, or any condition that was contraindicated
for exercise intervention.

Procedure
The participants were recruited between February 2011 and May 2012. Participants were identi�ed from the healthcare registries of six Swedish
counties, including primary healthcare centers and hospital outpatient services. Baseline data (Table 1) were collected, and experienced test leaders
examined the participants before allocation. The test leaders were educated by the research team and followed a strict test protocol. The
participants were randomized to one of three different exercise interventions by an independent researcher using a computer-generated list created
by a University statistician. The independent researcher put the individual results in sealed opaque envelopes for further distribution to the treating
physiotherapists. The test leaders were blinded to the participants' intervention group allocation and were not involved in delivering the interventions
to participants.
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Table 1
Baseline characteristics of the three intervention groups: neck-speci�c exercise (NSE), neck-speci�c exercise with a behavioral approach (NSEB) and

prescribed physical activity (PPA).
Variables NSE group (N = 76)   NSEB group (N = 71)   PPA group (N = 69) P-value

Variables mean (SD)                

Age, (years) 38.1 (11.3)   40.1 (11)   42.9 (10.7) .03

BMI kg/m2 25.7 (4.0)   25.9 (5.1)   26.7 (4.9) .10

Injury durationa 19.1 (8.5)   20.3 (8.9)   19.6 (9.7) .69

Variables n (% group)                

n (%) female 57 (75%)   47 (66%)   38 (55%) .04

Sick-leave 12 (16%)   19 (27%)   16 (23%) .27

Whiplash motorb 65 (86%)   54 (76%)   54 (82%) .29

Whiplash otherc 11 (14%)   17 (24%)   12 (14%) .29

WAD grade II 49 (64%)   33 (46%)   41 (59%) .08

WAD grade III 27 (36%)   38 (54%)   28 (41%) .08

Previous treatmentd 64 (85%)   57 (80%)   53 (78%) .37

Work full-time 43 (56%)   36 (51%)   37 (54%) .72

Pain drugse 40 (53%)   44 (62%)   45 (67%) .09

BMI, body mass index; SD, standard deviation; WAD, whiplash-associated disorder; NDI, neck-disability index; NME, neck muscle endurance;
CROM, cervical range of motion

a Months since whiplash injury.

bWhiplash injury as a result of a motor vehicle accident.

cWhiplash injury due to other accidents (eg, fall, skiing, and diving).

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

eTaking pain medication for neck pain.

Interventions
The exercise interventions were described in the study protocol (29) and will only be reported brie�y below. The study interventions were delivered by
physiotherapists practicing in primary health care. The physiotherapists received a day of standardized theoretical and practical training from the
research team prior to study commencement. All three exercise interventions were undertaken over a 12-week period and the participants were
encouraged to continue the exercises outside the physiotherapy clinic after completion of the intervention period.

Neck-speci�c exercise (NSE)
The exercises initially had a low load and targeted the deeper neck muscle layers. Neck-speci�c exercise (NSE) was supervised by a physiotherapist
twice weekly during the 12 weeks, with additional home exercises. Participants in the NSE group were instructed to avoid pain aggravation during
exercise and the exercises were continually progressed within each participant's symptom tolerance. The exercises continued with progressive low
load resistance training with use of weighted pulleys and guild boards. The exercise program can be found at the Academic Archive On-line (30).

Neck-speci�c exercise with a behavioral approach (NSEB)
Exercises were identical to those performed by the NSE group with the addition of a brief behavioral intervention based on social cognitive theory
and the transtheoretical model (31). The behavioral intervention including education and strategies for pain management (e.g. relaxation, dealing
with neck pain relapse). In contrast to the NSE group, participants in the NSEB group were encouraged to continue their exercises and activities
despite pain, but to avoid a cumulative elevation of pain intensity over time.

Prescribed physical activity (PPA)
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The PPA group had one or two appointments with the physiotherapist and the participants were prescribed an individual physical activity program
(e.g. general aerobic exercises, gym classes). The program did not include neck-speci�c exercises and activity was performed outside the health
care system. The participants could phone the physiotherapist if they wished to ask questions during the 12 weeks.

Outcome measurements
All measurements (clinical and questionnaires) were conducted at baseline, 3, 6 and 12 months after baseline. NME and pain intensity before and
after the tests have been reported for 3 and 6 months outcome (26), therefore only results of changes from baseline to 12 months will be presented
in NME. For AROM and grip strength, all time points will be presented. Well-trained test leaders performed the clinical tests in a standardized way.
The investigators were blinded to the randomization procedure and were not involved in providing the exercise interventions. Before each test, the
measurement process was explained to participants.

Neck Muscle Endurance (NME)
NME has good reliability (intra-class correlation coe�cient, ICC 0.88–0.93) (32). NME was standardized and measured in seconds as previously
described (26, 33). Ventral NME was tested �rst with the patient supine, positioned with straight legs, arms alongside the body, and head and
cervical spine in a neutral position. The participants were given instructions to nod slightly, retract their chin, and raise their head just above the
examination table. The participants practiced the test once in supine (with a slight nod, retracting the chin but not lifting the head) before the test
started. Directly after the ventral NME test was the dorsal NME test. Dorsal NME was measured with the patient prone, positioned with straight legs,
arms alongside the body, and head initially supported on the examination table. A load of 2 kg for females and 4 kg for males was applied to the
head and the participants were instructed to lift their head just above the examination table. The tip of the chin should point at the �oor, thus
performing a slight extension of the cervical spine. The dorsal NME was practiced once in prone (chin pointing at �oor and head lifting without the
weight) before the real test started. The test position should be maintained for as long as possible. The participants were asked to stop the test by
returning the head to rest at the point of neck fatigue and in case of radiating pain into the arm or severe neck pain. The test position was corrected
by the test leader if necessary. NME was measured in seconds using a stopwatch. The test was stopped if the participants were unable to hold the
test position.

Active Range of Motion (AROM)
AROM was assessed in sagittal (�exion/extension), frontal (lateral �exion), and transverse (rotation) planes with a Cervical Range of Motion Device
(CROM) showing substantial reliability (ICC range .77 to .99) (34). The participants were sitting upright with neutral pelvic position, hips and knees
at 90° and arms resting in the lap. The CROM device was placed on their head. The participants were told to move their head at a steady pace as far
as possible, keeping the body and shoulders still. The test leader held their hands on the participants’ shoulders to minimize movements in body
and shoulders. All measurements were taken in the same order, �exion, extension, right and then left lateral �exion followed by right and left
rotation. The participant took a pause at the end of each movement so readings could be taken and then they returned to the neutral position before
the next movement.

Grip strength
Isometric hand grip strength was measured with the Jamar Hand Dynamometer which is a reliable method (intra-class correlation coe�cient, ICC
.85 to .98) (35). Handgrip strength was measured once on the right and once on the left hand with participants standing, arms alongside the body
with the elbows at 90°, the forearms in a neutral position and 0° wrist extension. Maximum strength was assessed in kilograms after 6 seconds of
sustained maximal contraction.

Pain
Pain intensity of the neck was measured using the Visually Analogue Scale (VAS) with a scale of 0 mm (no pain) to 100 mm (worst imaginable
pain) immediately before and after the tests (36).

Self-reported neck disability
Disability was measured with the Neck Disability Index (NDI) which consists of 10 items (pain intensity, personal care, lifting, reading, headaches,
concentration, work, driving, sleeping, and recreation) graded from 0 (no activity limitations) to 5 (major activity limitations), which are added
together, and transformed into percentages (0%, no pain or di�culty; 100%, highest score for pain and di�culty). NDI was completed in a
questionnaire before the tests. To detect a minimal clinically important change, a NDI reduction of 7% is required (37). The NDI is considered a
reliable and valid measurement of disability in patients with neck pain disorders (37). Levels of disability in WAD 6 months after the injury were
de�ned by NDI scores from 0 to 100: full recovery NDI < 10, mild to moderate disability 11 to 29, ongoing moderate/severe pain and disability NDI > 
30 (38).

Adherence to exercise
Data on adherence to exercise during the 12-week intervention period were collected from the physiotherapist-completed diaries in the NSE and
NSEB groups and participant-completed exercise diaries in the PPA group. At 12 months’ follow-up, the participants reported whether they had
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continued with the exercise program.

Statistical analyses
Analyses were performed using SPSS (version 24.0) statistical package. Descriptive statistics were analyzed with one-way analyses of variance
(ANOVA) or the Kruskal-Wallis test for non-normally distributed data. For binary outcomes, the chi-square test was used. Drop-out analysis was
performed using the Mann-Whitney U test by comparing the baseline variables between drop-outs at 12 months and individuals who completed
outcome measurements. The study sample size was based on the primary outcome (NDI) of the RCT (29) and calculation showed that 63
participants per group were required. To account for drop-outs, a total of 216 participants were recruited. Statistical signi�cance was set at an α
level of .05. The analysis was performed on an intention-to-treat basis, including all participants who completed each measurement.

Linear mixed model was used to analyze ventral and dorsal NME, AROM, grip strength and pain as dependent variables, taking into account time
from intervention (4 levels: baseline, 3, 6 and 12 months) and intervention group (3 levels: NSE, NSEB and PPA). A �rst-order heterogeneous factor
analysis was used, with time as repeated factor, group as �xed factor and sex as a covariate. Included in the model were individuals with baseline
data and at least one more measurement. Three analyses were performed for the total AROM (values in degrees of �exion/extension, right/left
lateral �exion and right/left rotation). NME was measured in seconds and grip strength value (in kilograms) was the mean value of right and left
grip strength. NME data were strongly positively skewed and the measurements were Log10 transformed. AROM, grip strength and pain were
normally distributed.

Cut-off for normative reference values for healthy individuals were as follows: ventral NME was set to ≥ 23 s for females and ≥ 56 s for males;
dorsal NME ≥ 173 s for females and ≥ 157 s for males (33); AROM was set to ≥ 93° to ≥ 110° in �exion/extension, ≥ 49° to ≥ 77° in total lateral
�exion, and ≥ 97° to ≥ 135° in total rotation (normative reference values for healthy individuals in both female and male subjects across a range of
ages) (39); grip strength was set to ≥ 25 kg for females and ≥ 42 kg for males (40). The sub-group analyses for individuals below against in line
with and above the reference values were evaluated with a non-parametric test, using median and inter-quartile ranges, between-group differences in
NDI were analyzed using Kruskal-Wallis tests and post hoc comparisons were evaluated with the Mann-Whitney U test, when indicated.

Results
The test and questionnaires were completed by 160–185 participants (74–85%) at the follow-up assessments (Fig. 1). Baseline characteristics were
similar between groups, except that more females were included in the NSE group and the participants were generally younger compared with the
PPA group (Table 1). There were no differences between drop-outs and those who completed the intervention regarding baseline measurements in
NME, AROM, grip strength or pain during testing (p > .27). Adherence to exercise during the 12-week intervention period was in the NSE and NSEB
groups 70% and 71%, and in the PPA group 49%, p = .07. At 12 months’ follow-up, 25% in NSE, 34% in NSEB and 42% in the PPA group reported they
trained completely or almost completely according to their exercise program and 54% (NSE) respectively 35% (NSEB and PPA) trained to some
extent (p = .09). Of the total group (n = 216), individuals below the cut-off reference values in NME, AROM and grip strength had signi�cantly higher
NDI at baseline compared with those in line with or above the reference values: below the reference values, NDI median 34 to 38 (IQR, 26–46), in line
with or above the reference values, NDI median 26 to 30 (IQR, 18–38), p < .01. There were no differences between WAD grades II and III in the
proportion of individuals below against in line with or above the reference values (p > .15) except for grip strength where more individuals with WAD
grade III (64%) were below the reference values (p = .05).

Results in neck muscle endurance, active range of motion, grip strength and pain during testing

Unadjusted data from the tests are shown in Table 2. In dorsal NME, there were signi�cant between-group differences: both females and males
improved in the NSE and NSEB groups compared to the PPA group (F = 3.6, p < .01). There were signi�cant between-group and sex differences in
ventral NME (F = 5.1 to 22.1, p < .01). Males in both the NSE and NSEB groups improved compared to the PPA group (F = 22.2, p < .01). There were no
signi�cant between-group differences for females (F = 0.2, p > .91), but females in the NSEB group improved from baseline to 12 months (F = 3.6, p 
< .03).
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Table 2
Ventral and dorsal neck muscle endurance, cervical range of motion and grip strength for neck-speci�c exercise (NSE), neck-speci�c exercise with a

behavioral approach (NSEB) and prescribed physical activity (PPA) groups.
Variable Period NSE NSEB PPA

Ventral NME        

Women Baseline 14 (9–30) [2–222] 17 (8–33) [2–162] 24 (13–48) [2–101]

    12 months 23 (11–40) [2–125] 25 (9–46) [3–114] 23 (7–57) [3–79]

Men Baseline 59 (22–91) [5–243] 40 (21–82) [5–175] 21 (9–64) [4–373]

    12 months 67 (42–143) [6–183] 51 (31–110) [10–258] 25 (13–65) [1–200]

Dorsal NME        

Women Baseline 33 (18–79) [0–511] 37 (17–113) [2–660] 46 (19–174) [5–540]

    12 months 89 (34–176) [0–1860] 74 (37–155) [6–964] 60 (12–166) [4–450]

Men Baseline 108 (28–202) [10–421] 66 (32–153) [3–405] 50 (9–170) [3–347]

    12 months 127 (47–186) [1–382] 166 (60–292) [13–1305] 56 (27–122) [0–634]

AROM        

Flexion/extension        

Women Baseline 95 (26.2) [26–138] 98 (30) [34–152] 99 (26.1) [22–143]

    3 months 102 (28.6) [18–147] 102 (32.9) [20–158] 98 (25) [42–134]

    6 months 101 (28.3) [26–156] 106 (32) [24–172] 99 (27.6) [26–132]

    12 months 105 (26.4) [42–156] 106 (28.6) [28–155] 94 (29.4) [24–134]

Men        

Baseline 104 (26) [49–150] 92 (24.4) [25–122] 89 (19.5) [50–130]

    3 months 109 (24.2 [60–135] 94 (21.2) [47–124] 88 (25.4) [30–125]

    6 months 113 (26.5) [52–139] 96 (23.1) [20–135] 92 (25.6) [33–138]

    12 months 110 (24.8) [60–143] 106 (25.7) [60–143] 94 (27.4) [30–144]

Lateral �exion        

Women Baseline 66 (18.1) [22–99] 66 (18.1) [32–108] 70 (15.9) [20–96]

    3 months 68 (18.8) [18–110] 70 (21.7) [24–128] 67 (18.8) [26–100]

    6 months 69 (17.7) [28–100] 71 (20.3) [20–110] 69 (18.6) [18–104]

    12 months 70 (19,1) [32–120] 72 (19.1) [24–115] 65 (17.5) [30–95]

Men Baseline 68 (15.2) [39–87] 61 (20.4) [8–92] 61 (17.4) [30–94]

    3 months 74 (23.8) [28–110] 66 (20.6) [15–95] 59 (16.8) [10–112]

    6 months 73 (21.6) [32–108] 66 (20.0) [14–95] 62 (21.8) [10–112]

    12 months 73 (21.8) [36–114] 69 (21.7) [20–104] 60 (21.6) [18–136]

Rotation        

Women Baseline 114 (26.4) [30–170] 112 (27.4) [50–162] 114 (25.4) [26–166]

    3 months 118 (21.2) [40–147] 118 (29.4) [22–172] 107 (30.4) [36–154]

    6 months 116 (23.0) [54–155] 123 (29.1) [22–172] 110 (24.5) [48–144)

    12 months 120 (22.7) [28–158] 121 (27.7) [40–176] 109 (28.4) [50–154]

Values are presented as median and inter-quartile range (IQR) and [range] for neck muscle endurance values (NME) at baseline and 12 months.
Active range of motion and grip strength are presented as mean, standard deviation (SD) and [range] at baseline, 3, 6 and 12 months.

NME, neck muscle endurance; AROM, active range of motion; NSE, neck-speci�c exercise; NSEB, neck-speci�c exercise with a behavioral
intervention; PPA, prescription of physical activity
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Variable Period NSE NSEB PPA

Men Baseline 115 (26.0) [58–180] 107 (31.3) [11–140] 105 (25.5) [55–155]

    3 months 118 (27.1) [60–154] 115 (23.3) [45–146] 107 (26.7) [34–154]

    6 months 119 (31.2) [32–164] 111 (28.4) [34–150] 106 (27.6) [34–146]

    12 months 119 (23.1) [74–150] 117 (24.6) [45–154) 105 (28.8) [32–150]

Grip strenght        

Women Baseline 22.6 (6.4) [12–39] 22.6 (5.8) [9–43] 23.1 (7.1) [7–40]

    3 months 22.3 (5.8) [10–36] 22.7 (6.1) [4–40] 22.2 (8.1) [1–34]

    6 months 23.5 (6.5) [12–38] 24.4 (8.5) [10–59] 23.6 (7.3) [1–37]

    12 months 24.9 (6.2) [11–34] 24.5 (6.1) [4–42] 22.0 (8.4) [2–35]

Men Baseline 40.7 (10.5) [21–64] 43.7 (9.5) [30–59] 40.4 (12.6) [31–49]

    3 months 42.2 (10.1) [21–57] 42.5 (10.6) [21–60] 42.2 (12.4) [11–66]

    6 months 43.1 (9.9) [19–60] 46.6 (10,8) [26–66] 44.8 (10.6) [21–63]

    12 months 41.7 (10.4) [18–57] 45.4 (11.1) [26–62] 44.5 (13.2) [16–66]

VAS before test Baseline 33 (22.1) [0–88] 33 (25.1) [0–86] 36 (22.9) [0–91]

    12 months 20 (21.5) [0–77] 26 (23.4)[0–80] 32 (27.4) [0–92]

VAS after test Baseline 40 (23.8) [0–97] 42 (27.6) [0–95] 45 (25.2) [0–93]

    12 months 28 (24.2) [0–88] 33 (27.8) [0–100] 40 (28.5) [0–91]

Values are presented as median and inter-quartile range (IQR) and [range] for neck muscle endurance values (NME) at baseline and 12 months.
Active range of motion and grip strength are presented as mean, standard deviation (SD) and [range] at baseline, 3, 6 and 12 months.

NME, neck muscle endurance; AROM, active range of motion; NSE, neck-speci�c exercise; NSEB, neck-speci�c exercise with a behavioral
intervention; PPA, prescription of physical activity

There were signi�cant between-group differences in AROM (F = 5.9 to 14.3, p < .01): the NSE and NSEB groups improved compared with the PPA
group in �exion/ extension, and rotation (F = 5.9, p < .01). Lateral �exion was improved in the NSE group compared with the PPA group (F = 10.2, p 
< .01).

In grip strength, there were no signi�cant between-group differences (F = 2.9, p < .05), but there were signi�cant within-group differences over time (F 
= 2.9, p = .03). Females in all three exercise groups had improved grip strength (p < .05).

There were signi�cant between-group differences in pain both immediately before (decreased pain in the NSE group compared to the PPA group; F = 
4.2, p < .02) and after the tests (decreased pain in both the NSE and NSEB groups compared to the PPA group; F = 16.3, p < .01) at 12 months’ follow
up.

Change scores in self-reported disability (NDI) in individuals below or above the reference values for healthy individuals in neck muscle endurance,
active range of motion and grip strength

At 12 months, NDI was improved in individuals both below and in line with or above the cut-off reference values for NME, AROM and grip strength
(only in line with or above the cut-off for grip strength) in the NSE and/or the NSEB groups compared with the PPA group, (NSE − 3 to -7, NSEB − 2 to
-11; PPA − 4 to 8, p < .04) (Table 3). There were no signi�cant differences between the NSE and NSEB groups (p > .07). In the PPA group, NDI
increased (worsen disability) for individuals below the cut-off reference values in cervical �exion/extension and lateral �exion (p < .05) from
baseline to 12 months’ follow-up.
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Table 3
Change score in Neck Disability Index (NDI %) from baseline to 12 months’ follow-up for individuals below and above the normative cut-off

reference values for healthy individuals in neck muscle endurance, cervical range of motion and grip strength; differences are between NSE, NSEB
and PPA groups.

              P-value, between group differences

Variable NSE NSEB PPA NSE - PPA NSEB - PPA NSE - NSEB

  <
normal

≥
normal

<
normal

≥
normal

<
normal

≥
normal

<
normal

≥
normal

<
normal

≥
normal

<
normal

≥
normal

Ventral NME − 1
(-11 to
8)

− 6
(-18 to
0)

− 5 (− 
14 to
4)

-11
(-18 to
-5)

4 (-4 to
10)

0 (-8 to
4)*

.12 .03 .03 .003 .40 .48

Dorsal NME -3 (-12
to 7)

-9 (-21
to -5)

-8 (-15
to 2)

− 8
(-18 to
-4)

3 (-4 to
10)

-6 (-8
to 0)*

.04 .16 .001 .16 .19 .16

Range of motion                        

Flexion/extension − 3
(-18 to
5)

− 6
(-14 to
1)

-2 (-16
to 6)

− 8
(-18 to
-4)

8 (0 to
10)

0 (-8 to
3)*

.02 .13 .02 .004 .83 .14

Lateral �exion 0 (-10
to 10)

− 7
(-18 to
-1)

-6 (-20
to 6)

-8 (-17
to -3)

6 (11
to 6)

0 (-6 to
6)*

.07 .01 .07 .001 .07 .61

Rotation − 4
(-16 to
8)

− 6
(-15 to
0)

− 4
(-14 to
6)

− 8
(-18 to
-4)

2 (0 to
10)

− 4 (-8
to 6)

.06 .07 .02 .01 .76 .25

Grip strength -2 (-10
to 8)

-6 (-18
to 0)

-6 (-20
to 6)

-8 (-16
to -2)

2 (-4 to
10)

0 (-8 to
7)

.08 .02 .08 .003 .08 .75

NSE, neck-speci�c exercise; NSEB, neck-speci�c exercise with behavioral intervention; PPA, prescription of physical activity; NME, neck muscle
endurance; Values are presented as median and inter-quartile range (IQR).

Cut-off normative reference values for healthy individuals; ventral NME ≥ 23 s for females and ≥ 56 s for males, dorsal NME ≥ 173 s for
females and ≥ 157 s for males, active cervical range of motion; �exion/extension ≥ 98°, total lateral �exion (right and left) ≥ 43°, total rotation
(right and left) ≥ 109°, grip strength ≥ 25 kg for females and ≥ 42 kg for males.

*= p < .05, signi�cant with-in group differences between individuals < reference values compared to ≥ reference values at 12 months follow-up.

There were signi�cant differences in the NSE, NSEB and PPA groups at 12 months’ follow-up between individuals below against above the cut-off
reference values for NME and AROM. For grip strength, there were differences in the NSE and PPA groups (Table 4, p < .05). In the NSE and NSEB
groups, NDI was signi�cantly improved at 12 months’ follow-up for individuals above the reference value (NDI, median (IQR); 22 (7–29) to 6 (0–22)
compared with individuals below the reference value (NDI; 36 (23–49) to 23 (7–14) (p < .05). In the PPA group, individuals below the reference
values for NME, AROM and grip strength had increased disability (NDI; 48 (32–52) to 42 (28–48) at 12 months’ follow-up compared with those
above the reference values (NDI; 30 (18–40) to 20 (14–28) (Table 4, p < .05).
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Table 4
Neck Disability Index (NDI) at baseline and 12 months’ follow-up in the NSE, NSEB and PPA groups, number and percentage of individuals below

and in line or above cut-offs for normative reference values in neck muscle endurance, cervical range of motion and grip strength.
Variable Baseline 12 months

    NDI, median (IQR)   NDI (median (IQR)

NSE group n < normal ≥ normal n < normal ≥ normal

Ventral NME 28 (36%)* 34 (24–44) 28 (22–38)* 27 (52%)* 30 (19–46) 18 (12–24)*

Dorsal NME 12 (16%) 30 (24–42) 26 (22–35) 14 (27%) 26 (18–44) 18 (2–20)*

Range of motion            

Flexion/extension 35 (46%)* 34 (24–33) 30 (22–40) 35 (63%)* 30 (20–48) 18 (7–29)*

Lateral �exion 42 (55%) 36 (27–47) 28 (22–32)* 36 (66%) 36 (23–49) 18 (11–26)*

Rotation 37 (49%) 34 (24–42) 28 (23–39) 31 (56%) 30 (18–48) 18 (7–26)*

Grip strength 30 (39%)* 34 (28–43) 26 (22–36) 29 (57%)* 36 (21–46) 18 (6–24)*

NSEB group n < normal ≥ normal n < normal ≥ normal

Ventral NME 28 (36%)* 38 (28–46) 27 (20–34)* 30 (53%)* 27 (17–44) 22 (7–29)

Dorsal NME 14 (20%) 36 (24–44) 24 (15–34)* 15 (27%) 28 (18–38) 6 (0–22)*

Range of motion            

Flexion/extension 44 (62%) 42 (26–52) 30 (22–36)* 40 (67%) 30 (15–48) 20 (10–30)*

Lateral �exion 40 (56%) 38 (26–50) 30 (22–38)* 39 (66%) 32 (12–44) 20 (11–28)*

Rotation 32 (45%)* 30 (24–44) 34 (22–39) 37 (63%)* 34 (20–46) 20 (9–28)*

Grip strength 29 (41%)* 35 (22–34) 30 (23–38) 35 (61%)* 23 (7–41) 22 (12–32)

PPA group n < normal ≥ normal n < normal ≥ normal

Ventral NME 28 (53%) 36 (28–47) 28 (18–39)* 20 (41%) 44 (31–52) 24 (12–34)*

Dorsal NME 17 (25%) 37 (28–46) 24 (16–30)* 10 (21%) 42 (28–48) 20 (14–28)*

Range of motion            

Flexion/extension 38 (55%) 36 (28–48) 30 (19–40)* 26 (52%) 48 (32–52) 28 (14–40)*

Lateral �exion 45 (62%) 38 (32–50) 30 (19–41)* 31 (62%) 48 (31–56) 31 (16–42)*

Rotation 30 (43%) 36 (28–48) 28 (19–38)* 22 (44%) 42 (32–52) 28 (11–41)*

Grip strength 35 (51%) 37 (26–46) 32 (20–38) 26 (56%) 44 (25–52) 30 (18–40)*

NDI; Neck Disability Index, median and inter-quartile range (IQR), NME; neck muscle endurance, NSE; neck-speci�c exercise, NSEB; neck-speci�c
exercise with behavioral intervention, PPA; prescription of physical activity

n (%); number and percentage of individuals above ( ≥ = on/over) the cut-off (normative reference values for healthy individuals) in neck muscle
endurance (NME), active range of motion (AROM) and grip strength at baseline and at 12 months’ follow-up, * = p < 0.05, signi�cant differences
between baseline and 12 months’ follow-up for number of individuals above ( ≥ = on/over) the cut-off for normative reference value in NME,
AROM and grip strength.

Cut-off normative reference values in NME, AROM and grip strength; ventral NME ≥ 23 s for females and ≥ 56 s for males, dorsal NME ≥ 173 s
for females and ≥ 157 s for males, cervical range of motion; �exion/extension ≥ 98°, total lateral �exion (right and left) ≥ 43°, total rotation
(right and left) ≥ 109°, grip strength ≥ 25 kg for females and ≥ 42 kg for males.

< normal = values below the cut-off for normative reference values, ≥ normal = above (on/over) the cut-off for normative reference values, *= p 
< .05, signi�cant with-in group differences between individuals < reference values compared with ≥ reference values at baseline and 12 months’
follow-up.

Discussion
This study showed that three months of neck-speci�c exercise (NSE and NSEB) results in greater improvements in NME, AROM and pain intensity
after testing in chronic WAD compared to prescribed physical activity (PPA) and these improvements were maintained at 12 months’ follow-up. In
the subgroup analyses, signi�cant or closed to signi�cant improvements in NDI from baseline to 12 months were found in the NSE and/or the NSEB
groups compared with the PPA group for individuals both below and above the cut-off reference values for NME, AROM and grip strength. Despite
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that individuals in the present study were above the cut-off for normative reference values at baseline for NME, AROM and grip strength, they
reported moderate to severe disability (38) before they started the exercise interventions. The increased disability at 12 months for those in the PPA
group below cut-off reference values indicates the importance of enhancing neck function with neck-speci�c exercise as the best alternative.
However, many individuals in the NSE and NSEB groups did not reach normal values (33–48%) in ventral NME, AROM and grip strength, and only
27% reached normal values in dorsal NME at 12 months’ follow-up, indicating that more effort is needed to improve exercise interventions in chronic
WAD.

As has been found previously (26), NME was improved and pain intensity during testing was decreased in the NSE and NSEB groups after neck-
speci�c exercises at six months’ follow-up. The present study showed that the results of NME were maintained at 12 months’ follow-up and that
AROM showed signi�cantly greater improvement during the same time period in the NSE and NSEB groups compared with the PPA group. The
results suggest that three months of neck-speci�c exercise with the recommendation to continue exercise was a better alternative than PPA. Pain
intensity was measured immediately before and after the neck muscle endurance test. At 12 months’ follow-up, pain intensity during testing as well
as NME were improved. Reduced load-bearing capacity of the neck has earlier been reported by Kristjansson et al. (48) in females with chronic WAD,
suggesting that enhanced endurance of neck muscles is important. The results of the present study indicate that neck-speci�c exercise improved
load-bearing capacity of the cervical spine and that these results were maintained at 12 months’ follow-up. The results also showed that individuals
in the PPA group below the cut-off reference values in NME, AROM and grip strength reported a higher score in disability at 12 months’ follow-up
(NDI ≥ 42). This is well over the level de�ned by Ritche et al (38) for ongoing moderate/severe pain and disability (NDI > 30) indicating that general
exercises lead to worsening disability for these individuals.

As presented previously (26), there were no differences between groups for females in ventral NME at 3 and 6 months follow-up and the results at
12 months’ follow-up were the same, suggesting that general exercises such as those undertaken in the PPA group can be equally effective as neck-
speci�c exercises. However, the neck-speci�c exercise program (NSE and NSEB) was directed at improving the endurance of the deep �exor, rotator,
and extensor muscles which showed reduced pain intensity after the tests that lasted to 12 month’s follow-up, indicating a better strategy for
improved neck-related function and disability. To enhance endurance in ventral neck muscles a program of increasing intensity over a longer period
or other exercises may be needed. Previous studies have reported altered function between deep and super�cial neck muscles in chronic WAD (41,
42), and have found that the deep ventral neck muscles were elongated during arm elevation (41) suggesting altered inter-segmental activation in
the deep ventral neck muscles which may decrease cervical spine stability. Peterson et al. (42) reported that the interplay between the deep dorsal
neck muscles was weaker in females with WAD which may decrease muscular support in the maintenance of a stable cervical spine. Moreover,
activation of the deep ventral neck muscles were delayed in chronic neck pain and exercise targeted to improve neuromuscular control of the deep
muscles decreased pain and improved the activation of the muscles (43). The NME tests used in the present study cannot distinguish between deep
and super�cial muscles but it can be speculated that the neck-speci�c exercise used in the NSE and NSEB groups trained the deep neck muscles,
resulting in decreased pain and improved neck muscle function which is altered in chronic WAD (4, 6, 7).

Many individuals in the present study showed decreased NME, AROM and grip strength compared to reported normative reference values both at
baseline and 12 months’ follow-up (33, 39, 40). There are to our knowledge no guidelines for the level of endurance that is needed to perform daily
activities and it seems reasonable to assume that the variance between individuals is high due to their work situations and daily activities. It seems
also reasonable to assume that an important goal in rehabilitation after whiplash injury could be to improve NME, AROM and grip strength to reach
the cut-off for normative reference values, but there is no guarantee that normative values indicate no pain or disability in chronic WAD. In the
present study, individuals reported moderate to severe disability despite normative values in NME, AROM and grip strength at baseline. For
individuals above the cut-off reference values neck-speci�c exercises were signi�cantly more effective in improving disability at 12 months’ follow-
up (NSEB improved in all values except for dorsal NME; NSE improved in 3 values) compared to the PPA group. The results indicate that
improvement in persistent disability after whiplash injury can occur if exercise interventions are directed at the neck muscles, and that more general
exercise interventions, such as in the PPA group worsened disability for individuals below the cut-off reference values.

Neck-speci�c exercise seems to have the possibility to improve AROM. The main goal with the exercise program was initially to activate the deep
neck muscles, minimize the contraction of super�cial muscles and to increase neck muscle endurance. The deep neck muscles are supposed to
maintain postural control due to their close attachment to the vertebrae and their unique capacity to contribute to control of intersegmental motion
(44, 45). After initially deep activation exercises, progressive isometric endurance training of the neck muscles was introduced with only one
concentric/eccentric resistance exercise, in cervical neck rotation. Despite that, AROM improved which may be a result of improved muscle function
and decreased pain and that individuals could move their head more in daily life.

In other studies, psychological factors, such as fear-avoidance beliefs and pain catastrophizing, have been reported to be related to pain and
disability in chronic WAD (46, 47); fear of movement was the strongest predictor for engagement in activities and pain acceptance (48). The
behavioral approach added to the neck-speci�c exercise in the NSEB group was expected to enhance the bene�ts of neck-speci�c exercise by
reducing fear of movement. However, there were no signi�cant differences between the NSE and NSEB groups in any of the outcomes indicating
that neck-speci�c exercise was the most important component to improve neck function and decrease pain after testing. The individuals in the
present study scored low in fear of movement, catastrophizing and depression/anxiety at baseline (49), indicating that psychological factors may
not have been a major concern.
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Grip strength was slightly improved in the three exercise groups at 12 months. The participants in the three groups were encouraged to continue
with general aerobic and strength exercise two to three times a week after the 12 weeks intervention. In the NSE and NSEB groups,
recommendations were given to continue with neck-speci�c exercise. Two studies have reported associations between low grip strength and
disability and morbidity (18, 20). In the present study, including participants with WAD grade III with neurological de�cits and pain in the arm, daily
neck- and arm pain may result in low grip strength and therefore lead to lower physical activity. The results suggest that further progress in exercise
programs for patients with chronic WAD are important, to improve self-reported disability and neck related function.

Conclusion
Individuals with chronic WAD randomized to three months of neck-speci�c exercise (NSE) and NSE with a behavioral approach (NSEB) maintained
signi�cantly greater improvements in neck-related clinical function at 12 months’ follow-up compared with individuals randomized to prescribed
physical activity (PPA). There were no signi�cant differences between the NSE and NSEB groups. The results indicate that improvement in
persistent moderate to severe disability and neck related clinical function after whiplash injury can occur if exercise interventions are directed to the
neck muscles, as was the case in the NSE and NSEB groups. Greater improvements in disability were seen among individuals in line with or above
the normative cut-off reference values for healthy individuals in neck muscle endurance, active cervical range of motion and grip strength, indicating
that improved neck-related clinical function is important in chronic WAD. In the PPA group which did not have neck-speci�c exercises, increased
disability was seen for individuals below the cut-off reference values.
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Figure 1

Flow diagram of participants in the study
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