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Aims: To explore the development of cervical motor and nociceptive dysfunction in

patients with whiplash (WPs) and non-recovery based on injury-related work disability

1-year after injury when compared with ankle-injured controls (ACs).

Methods: A 1-year observational prospective study examining consecutive WPs and

age- and sex-matched ACs at 1 week,3 months, 6 months, and 1 year post-injury

using semi-structured interviews; global pain rating (VAS0-10) and the pain rating

index (PRI-T) and number-of-words-chosen (NWC) from the McGill Pain Questionnaire;

examining nociceptive functioning using the cold pressor test (CPT), pressure algometry,

and methodic palpation, and central pain processing using counter-stimulation; and

examining motor functioning by active cervical range-of-motion (CROM), and neck

strength [maximal voluntary contraction flexion/extension (MVC)]. One-year work

disability/non-recovery was determined using a semi-structured interview.

Results: A total of 141 WPs and 40 ACs were included. Total pain rating index (PRI-T)

NWC were higher in ACs after 1 week but higher in WPs after 3 months, 6 months, and

1 year. Ongoing global pain was higher in WPs after 1 week and after 3 and 6 months

but not after 1 year. Pressure pain thresholds were reduced, and palpation was higher

in the neck and jaw in WPs after 1 week but was not consistently different afterward

from ACs. Cervical mobility was reduced in WPs after 1 week, 3 months, and 6 months

but not after 1 year, and MVC was significantly reduced in WPs when compared with

ACs after 1 week and 1 year but not after 3 and 6 months. One-year non-recovery was

only encountered in 11 WPs and not in the AC group. Non-recovered WPs (N-WPs)

had consistently significantly higher VAS0−10, PRI-T, NWC, reduced pressure pain

thresholds, raised muscle-tenderness, reduced active cervical range-of-motion, reduced

active-neck-flexion/extension, and reported higher neck disability scores than recovered
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WPs. Of special interest, there was increasing tenderness in trigeminal-derived muscles

based on palpation scores, and marked reduction of PPDT was most pronounced in

N-WPs when compared with recovered WPs and ACs.

Conclusion: Cervical motor dysfunction and segmental nociceptive sensitization were

present from early after injury in WPs and prolonged in N-WPs. Differences in trigeminal

and cervical motor and sensory function in N-WPs could be of interest for future

treatment studies.

Keywords: acute whiplash injury, prospective observational study, nociceptive dysfunction, motor dysfunction,

control group

INTRODUCTION

The consequences of acute whiplash are recognized, and the
development of the whiplash-associated disorder (WAD)
remains of major concern (1–3). A recent focus on the
development of WAD has been on biopsychosocial factors,
including the role of nociceptive dynamics. Given that the
pain response may be altered after stressful accidents (4, 5)
and injuries (6), it has further been speculated whether
long-term nociceptive dysfunction is due to peripheral,
segmental, or central nociceptive sensitization. Including control
groups exposed to other types of minor injuries resembling
whiplash injuries could therefore be crucial for examining
the role of whiplash injuries in the development of long-term
disabling conditions.

The present study was a post-hoc examination of a previously
published 1-year prospective study of acute whiplash patients
(WPs) and acute non-sport ankle-injured controls (ACs). The
present study aimed to further examine pain reporting, the
development of nociceptive function in both trigeminal and non-
trigeminal derived muscles and active cervical motor function
after injury, and the development of peripheral, segmental, and
central nociceptive control. The primary outcome measure was
1-year work disability. Specifically, we explored three hypotheses:

First, we hypothesized that active cervical motor dysfunction
(defined as reduced active neck mobility and reduced active
isometric neck flexion and extension) was encountered after an
acute whiplash injury but not in a control group with injuries
remote from the neck. Second, we hypothesized that recovered
WPs and non-recovered WPs (N-WPs) would differ significantly
in early active cervical motor dysfunction and nociceptive
dysfunction. Third, we hypothesized that neck-related and jaw-
related tenderness would differ significantly between WP and
AC groups and that trigeminal involvement would play a role
in non-recovery.

MATERIALS AND METHODS

Study Design
The study was an observational prospective study examining
consecutive acute WP exposed to rear-end motor vehicle
accidents and a matched control group exposed to acute non-
sport ankle distortion.

Study Participants
During a 1-year inclusion period from January 1997 to January
1998, consecutive WPs and ACs seen at emergency units in
Aarhus County were invited to participate.

The WP inclusion criteria were as follows: exposure to rear-
end car collision, preservation of full consciousness during a
collision, no sign of amnesia after the injury, contact to the
local emergency unit within 2 days after collision presenting with
whiplash-related complaints (neck pain, headache, and stiffness
of neck), and age ranging from 18 to 70 years (WAD grades I,
II, III). The AC inclusion criterion was exposure to non-sport
ankle distortion.

The exclusion criteria for both WP and AC groups were as
follows: previously known considerable neck or back disorder;
previous significant posttraumatic headache complaints; known
medical history of severe headache, migraine, or widespread pain;
a record of considerable psychiatric disorder; and knownmedical
or alcohol abuse. An x-ray verified the findings of fractures
and dislocations.

Participants provided informed written and verbal consents
and participated in semi-structured interviews on previous and
present medical records.

Details of control group participants: To form a gender-
and age-matched control group, a group of 40 out of the first
100 consecutively included WPs were randomly selected (21
women and 19 men) and subsequently pairwise-matched with
consecutive ACs, fulfilling the inclusion criteria and belonging to
the same age group within the seven age groups categorized (18–
24, 25–29, 30–34, 35–39, 40–49, 50–59, and 60–67 years) and the
same sex.

Study Procedure
During a 1-year inclusion period, consecutive WPs and ACs seen
at one of two emergency units in Aarhus County were invited
to participate. Eligible participants provided informed written
and verbal consents before participating in the data collection.
Data collection methods were semi-structured interviews,
questionnaires, and clinical tests. These were repeated at each
time point (7). All examinations were done by the same examiner
(HK). The examiner was not blinded when examining the
participants belonging to theWP or the AC group. Non-recovery
status was determined after all examinations had been done.
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FIGURE 1 | Methods applied. (A) Pressure algometry. (B) Methodic palpation. (C) Active cervical range of motion. (D) The cold pressor test. (E) Active neck

strength extension/flexion.

Study Variables
Several different variables were included in the present study.
At baseline, indicators of cervical motor dysfunction and
nociceptive dysfunctionweremeasured as tests for cervical motor
dysfunction, active cervical range of motion (CROM), neck
strength extension/flexion nociceptive dysfunction, pressure
algometry, and methodic palpation, and CPT was performed.
In addition to this, participants completed the McGill Pain
Questionnaire (MPQ) for assessment of nociceptive dysfunction.
These tests and variables are described further below.

Of note, patients reported the use of medical and non-medical
treatment for their relevant injury (WP/AC) during the 1-year
observation period; these data are presented elsewhere (8).

McGill Pain Questionnaire
The MPQ is a validated self-report instrument for assessing the
quality and intensity of pain (9). In the present study, participants
were asked about their current global pain (ongoing self-reported
pain, VAS0−10). The Danish version of MPQ comprises 78
words divided into 20 groups, of which the respondent chooses
the words best describing the experience of pain symptoms.
Afterward, the reported pain is categorized into 5 pain rating
indices, including PRI-S (sensory), PRI-A (affective), PRI-E
(evaluative), PRI-M (miscellaneous), and PRI-T (total). The
number of words chosen (NWC) ranges from 0 to 20, with higher
numbers indicating pain describing words from several word
groups and categories.

Pressure Algometry
A pressure algometer (SOMEDIC AB, algometer type 1) (10) was
applied at trigeminal nerve-innervated muscles: (1) the temporal
muscle, (2) the masseter muscle; and neck muscles at (3) the
proximal insertion of the sternocleidomastoid muscle, (4) the
superior part of the trapezius muscle, and (5) the infraspinatus

muscle. Furthermore, the left, dorsal, proximal interphalangeal
joints of the third finger was chosen as a control site for the
determination of the distant pressure pain detection threshold
(distant PPDT) (11). Subjects were informed to push a button
when the sensation changed from a sensation of pressure to
the first sensation of pain (PPDT = pressure pain detection
threshold) in triplets and at five sites on the left and right
sides (Figure 1A). Three different measures were computed: total
PPDT, the sum of mean scores of triplets in all 10 muscles;
trigeminal muscle PPDT, the sum of mean scores of four jaw
muscles and the sum of mean score of six neck muscles; and
distant PPDT score (mean score of left PIP).

Methodic Palpation
Manual palpation (Figure 1B) was used to examine eight peri-
cranial muscle pairs on both sides (12). The examiners used
the second and third fingers to provide firm pressure on the
examined muscle while making small rotational movements: 0=
no visible reaction and denial of tenderness; 1 = visible reaction
but no verbal report of discomfort or mild pain; 2= verbal report
of painful tenderness with a facial expression of discomfort; 3 =
marked grimacing or withdrawal with a verbal report of marked
painful tenderness and pain. The tenderness score was calculated
from scores of each of the 16 examined spots (TTS range 0:48).
The examination order was as follows: the posterior temporal
muscle (2), the anterior temporal muscle (1), the masseter muscle
(3), the lateral pterygoid muscle (4) (the subject slightly opens his
mouth during this procedure), the sternocleidomastoid muscle
at the mastoid process (5), the sternocleidomastoid muscle at
medial part (pinching) (6), the muscles inserting on superior and
inferior nuchal lines (7), and the superior part of the trapezius
muscle (8). The muscle pairs were simultaneously examined on
the right and left sides.

Frontiers in Pain Research | www.frontiersin.org 3 July 2022 | Volume 3 | Article 906638

https://www.frontiersin.org/journals/pain-research
https://www.frontiersin.org
https://www.frontiersin.org/journals/pain-research#articles


Kasch et al. Whiplash: Motor and Nociceptive Dysfunction

The total palpation score was computed based on the sum of
all 16 scores. Palpation sites 1–4 (left+right) included the eight
trigeminal nerve innervated muscles during palpation and sites
5–8 (left+right) included eight neck muscles.

Active Cervical Range of Motion
With the subject situated in a comfortable chair, the assessment
of maximal voluntary flexion and extension of the neck as well
as left/right rotation and left/right lateral flexion took place (total
CROM was the sum of all 6 directions: flexion + extension +

left lateral flexion + right lateral flexion + left rotation + right
rotation), Figure 1C shows the mounted CROM instrument with
A and B being the goniometers, C being a compass, and D being
magnetic yoke pointing toward an artificial North pole (13–15).

Cold Pressor Test
On each of the four examination days, the participants
underwent a cold pressor test (CPT). If a participant withdrew the
hand during the recording period, VAS was assigned a value of 10
from the time of withdrawal and the remaining recording period.
The discomfort was immediately scored on a separate VAS scale
after the hand was removed from the cold water. As shown in
Figure 1D, participants immersed their dominant hand into the
ice cube-free water chamber, while using the non-dominant hand
to maneuver an electronic visual analog scale (e-VAS: 0 = no
pain; 10 = max. possible pain), with continuous measurements
during a 120-s sampling time by a computer at a frequency of
20Hz. The CPT was carried out using an insulated box with
two chambers mounted with a diffusible stainless-steel fence
for separation of the two chambers. One chamber contained a
water pump and 12 liters of ice cubes and 15 liters of cold tap
water filled the system through the first chamber. The second
chamber contained only cold water, and using the pump, the
system temperature was kept at an equilibrium of 2 ± 1 ◦C after
15min and during the following 60 min (16).

Counter Stimulation
At 3 and 6 months and 1 year post-injury, an additional counter-
stimulation test was applied, using both the pressure algometer
as a local experimental pain source and the CPT as a general pain
conditioner. The examinations took place 5min after performing
the CPT (16, 17). The pressure algometer was used with a
constant slope of the indentation rate of 30 kPa/sec on the right
masseter muscle, 1½ cm ante-superiorly to the mandibular angle.
The participant was instructed to press a button when reaching
the pressure pain tolerance threshold (PPT) at the right masseter
muscle before and 15 s after the immersion of the dominant hand
into cold water.

Neck Strength and Endurance
Neck Exercise Unit, “Follo Norway,” a neck-trainer instrument
(Figure 1E) with a computerized device for measuring maximal
torque (Nm) was applied to examine the isometric neck muscle
strength during neck extension (at 15◦) and flexion (at 30◦) (18,
19). First, to avoid trunk movement, the subject was restrained to
the chair with a strap across the chest. To familiarize the subject
with the neckmovement, the intendedmovement was performed
against a small load (1–2 kg) a few times. Finally, to establish

maximal muscle strength, three maximal voluntary contractions
(MVCs) were performed, and the highest obtained value was
used for further analysis. The participants were instructed to
“press their head against the pad as forcefully as possible” in
the intended direction. Each contraction lasted approximately
10 s, during which vigorous verbal encouragement was given, and
precisely 30 s of rest between each maximal effort contraction
was allowed.

Indicators of Non-Recovery
Work capacity (20) was determined after 1 year using a semi-
structured interview. In the present study, the outcome was used
as a binary variable, rating patients as either recovered or non-
recovered persons with WP and AC were asked to select one
of the six items after 1 year: (a) My work capacity is the same
as before the injury, (b) I work the same number of hours as
before the injury, but my tasks have been simplified or reduced
due to problems encountered after the injury, (c) I have reduced
my working hours and reduced work capacity due to problems
after the injury, (d) I have been dismissed from my job or have
changed job due to problems after the injury, (e) I am in job
training due to problems after the injury, and (f) I have applied
for or have received disability pension due to problems after the
injury. Non-recovery was assigned to participants who selected
items c–f.

Statistics
STATA/BE 17.0 (Texas, US) was applied. A mixed design (Stata:
Mixed-effects ML Regression) with two groups (WP, AC) and
three groups (recovered WPs, N-WPs, and AC) was applied.
The following statistics are provided using the Wald test and
with degrees of freedom, number of observations, X2 values,
and p-values. For subanalyses in the ML regression, z-values and
p-values are provided with coefficients mean± SE.

A priori, to find the best model fit, Akaike’s information
criterion (AIC) and Bayesian information criterion (BIC) were
applied in the analysis of data. The use of an unstructured matrix
structure provided the lowest AIC and BIC values, and this model
was chosen as the preferredmixedmodel. Data are also presented
in the margins plot. Examination days are designated 1 = 1
week; 2 = 3 months; 3 = 6 months; 4 = 1 year. P-values below
0.05 were considered significant. A command-line example of
three groups’ mixed model using global ongoing VAS0−10 is
as follows: vas i.recover##examday ||id:, nocons residuals(un,
t(examday)) nolog. Based on the command line, margins and
margins plots were computed.

Ethics
This study was approved by a local ethics review board (Aarhus,
County Ethical Committee #1996/3799) and conformed to the
Declaration of Helsinki II.

RESULTS

Descriptive Characteristics
A total of 141 (74 women and 67 men) subjects with acute
whiplash-injuries exposed to rear-end MVA and fulfilling the
WAD I-II criteria (21) and 40 acute non-sport ankle-injured
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controls being pairwise matched with 40 randomly selected WPs
were enrolled for the clinical prospective follow-up [Table 1 (See
(8) for demographic details). Five WPs dropped out before 6
months’ observation and four after 6 months; a 1-year follow-
up on recovery was thus obtained for 132 WPs (8, 22). One-
year non-recovery was only encountered in the whiplash group:
four had changed/reduced job functioning and seven were
work disabled/sick-listed].

Initial standardized neurological examination did not reveal
clinically significant findings (8) in WPs and ACs nor did the
N-WPs present with specific initial neurological findings.

Self-Reported Pain
Mixed-effects ML regression on ongoing self-reported pain
(VAS0−10) revealed a significant interaction [Wald X2 (7, N =

598) = 28.63, p = 0.0002]; however, there was no significant
difference between WPs and ACs, (|z| = 0.43, p > 0.67). There
was a significant effect on examination days 3 and 4 (|z| > 2.03, p
< 0.043) (see Figure 2a).

N-WPs were significantly different from recovered WPs
[Wald X2 (11, N = 592) = 77.30, p = 0.0000], (|z| > 4.84, p <

0.000) with a VAS score 2.9 ± 0.59 higher than recovered. There
was a significant effect on examination days 3 and 4 (|z| > 1.96, p
< 0.05) (see Figure 2b).

The total pain rating index (PRI-T) differed between WPs
and ACs [Wald X2 (7, N = 601) = 98.36, p = 0.0000], (|z| =
4.15, p < 0.000) with significantly higher scores at examination
day 1 in ACs (|z| = 11.73, p < 0.000). There was an effect on

TABLE 1 | Demographics of acutely injured participants at the first visit one

week post-injury.

Injury Groups Acute whiplash injury

n = 141

F = 74; M = 67

Non-sport ankle injury

n = 40

F = 21; M = 19

Age (Mean ± SD) 35.6 ± 10.8 years 34.8 ± 12.0 years

n % n %

Employment status

Employed before accident 132 93.6 35 87.5

Unemployed before accident 6 4.3 4 10.0

On leave 1 0.7 1 2.5

Retired 2 1.4 0 0.0

Marital status

Single 37 26.2 17 42.5

Married/common law 100 70.9 22 55.0

Divorced 1 0.7 1 2.5

Unknown 3 2.1 0 0.0

Educational status

Primary school 5 3.7 2 5.3

Secondary school 20 14.7 3 7.9

Craft training 78 57.4 18 47.4

University graduate 16 11.8 5 13.2

University incomplete 13 9.6 9 23.7

Other educational status 4 2.9 1 2.6

examination days 3 and 4 (|z| > 2.22, p < 0.026) and a significant
interaction between examination day and patient type (|z|> 5.04,
p< 0.000) with higher PRI-T scores inWPs at later examinations.
(see Figure 2c) N-WPs had [Wald X2 (11, N = 595) = 150.82, p
= 0.0000], (|z| = 4.23, p < 0.000) significantly higher scores on
PRI-T than recovered WPs. There was an effect on examination
days 3 and 4 (|z| > 2.77, p < 0.006) (see Figure 2d).

Number-of-words-chosen (NWC, McGill Pain
Questionnaire) (see Figure 2e) differed between WPs and
ACs [Wald X2 (7, N = 601) = 111.80, p = 0.0000], (|z| = 4.21,
p < 0.000), and there was a significant effect on all examination
days (|z| > 3.24, p < 0.001) and a significant interaction between
examination day and patient type (|z| > 4.89, p < 0.000). The
initial score was higher in the AC group (|z| > 16.60, p < 0.000).

N-WPs had significantly higher NWC than recovered WPs
[Wald X2 (11, N = 595) = 143.09, p = 0.0000] (|z| = 3.09, p
< 0.002) (see Figure 2f). There was an effect on all examination
days (|z| > 3.38, p < 0.001), and a significant interaction between
examination day 4 and N-WP patient type (|z|> 2.05, p< 0.040).

Pressure Algometry
Total pressure pain detection threshold (total PPDT) was
significantly lowered inWPs [mean difference 517.7± 218.5 kPa,
(|z| = 2.37, p < 0.018)] when compared with ACs [Wald X2 (7,
N = 577) = 43.42, p = 0.0000], with a significant effect of all
examination days (|z| > 2.8, p < 0.005) (see Figure 3a).

Similar findings of lowered tenderness in WPs when
compared with ACs were assessed by pressure algometry in the
subgroups of neck muscles [Wald X2 (7, N = 577) = 37.87], p =
0.0000], with a lower threshold in WPs of 356,51 ± 162.77 kPa
(|z|= 2.19, p= 0.028) when compared with ACs (see Figure 3b).

In trigeminal nerve-derived muscle groups [Wald X2 (7, N =

577)= 99.96], PPDT was lowered inWPs to 356, 51± 162.77kPa
(|z|= 2.64, p= 0.008) when compared with ACs (see Figure 3c).

Examining the three recovery groups (Figure 3d) in total
PPDT, there was a significant interaction [Wald X2 (11,N = 571)
= 110.28, p = 0.0000]; however, N-WPs did show a significant
difference from recovered WPs (|z| = 1.95, p = 0.052), and
examination days 3 and 4 had a positive effect on scores (|z| >

2.14, p < 0.032).
For neck pain PPDT (Figure 3e), N-WPs was significantly

lowered (|z| = 2.00, p = 0.046), and there was a significant effect
on examination days 2, 3, and 4 (|z| > 3.37, p < 0.001), [Wald X2

(11, N = 571)= 44.65, p= 0.0000].
For trigeminal nerve-derived muscle groups (Figure 3f), there

was a significant interaction [Wald X2 (11, N = 571)= 107.76, p
= 0.0000]. N-WPs did, however, not show a significant difference
from recovered WPs, (|z| = 1.93, p = 0.054), examination days 3
and 4 had a positive effect on scores (|z| > 4.29, p < 0.000).

Peripheral PPDT was assessed at the left PIP-3 joint [Wald ?2

(7, N = 578) 27.55, p = 0.0003]. The difference was based on
contributions from examination days (|z| = 0.67, p > 0.5). (|z|
= 2.80, p < 0.005); we found no significant difference between
WPs andACs (see Figure 3g), This was similarly found inN-WPs
[Wald ?2 (11, N = 572 39.39, p < 0.0000], where the difference
was based on contributions from examination days (|z| = 2.41, p
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FIGURE 2 | (a) On-going pain (VAS) in whiplash and ankle-injured controls. (b) VAS in recovered and non-recovered whiplash and ankle-injured controls. (c) Total pain

rating index, MPQ in whiplash and ankle-injured controls. (d) Total pain rating index in recovered and non-recovered whiplash and ankle-injured controls. (e) Number

of words chosen, MPQ in whiplash and ankle-injured controls. (f) NWC in recovered and non-recovered whiplash and ankle-injured controls.
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FIGURE 3 | (a–f) Muscle tenderness assessed by pressure algometry. (g,h) Peripheral Tenderness [left third finger, proximal interphalangeal joint (PIP)]. (a) Total PPDT

in whiplash and ankle-injured controls. (b) Neck muscle PPDT in whiplash and ankle-injured controls. (c) Trigeminal muscle PPDT in whiplash and ankle-injured

controls. (d) Total PPDT and recovery. (e) Neck muscle PPDT and recovery. (f) Trigeminal muscle PPDT and recovery. (g,h) Peripheral tenderness (left third finger,

proximal interphalangeal joint (PIP). (g) Peripheral tenderness in whiplash and ankle-injured controls. (h) Recovery and peripheral joint sensitization (PPDT PIP).

< 0.016) (Figure 3h); we found no significant contribution from
N-WPs (|z|= 0.89, p= 0.38).

Palpation
Total palpation scores were significantly higher in WPs than in
ACs [Wald X2 (7, N = 577) = 23.64, p = 0.0013]. Patient type
(|z| = 3.75, p < 0.000) and examination day 2 (|z| = 4.79, p
< 0.000) but not examination days 3 and 4 contributed to the
difference. There was a significant interaction between patient
type and examination days (|z|> 2.08, p< 0.037) (see Figure 4a).

In the palpation score of neck-derivedmuscles (see Figure 4b)
[Wald X2 (7, N = 577) = 44.97, p < 0.000], there were
significantly higher scores in WPs than ACs (|z| = 4.81, p <

0.000), and all examination days contributed to the difference (|z|
> 2.57, p < 0.01). There was a significant interaction between
patient type and all examination days (|z| > 2.60, p < 0.001).

In palpation of trigeminal-derived muscles (see Figure 4c)
[Wald X2 (7, N = 577) = 17.25, p < 0.0158], patient type (|z|
= 1.72, p = 0.086) did not significantly contribute and only
examination day 4 differed significantly (|z| = 2.67, p < 0.007).
There was no significant interaction between the patient type and
the examination day (|z| < 1.69, p > 0.092).

Regarding non-recovery, total palpation scores for examining
muscle tenderness using methodic palpation scores were
significantly higher in N-WPs than in recovered WPs [Wald X2

(11, N = 571) = 77.09, p < 0.0000] (see Figure 4d). Patient type
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FIGURE 4 | (a–f) Muscle tenderness assessed by palpation. (a) Total palpation score in whiplash and ankle-injured controls. (b) Neck palpation score in whiplash and

ankle-injured controls. (c) Trigeminal muscle palpation score in whiplash and ankle-injury. (d) Total palpation score and recovery. (e) Palpation score neck muscles and

recovery. (f) Palpation score trigeminal muscles and recovery.

N-WPs (|z| = 6.05, p < 0.000) contributed significantly, as did
examination days 2 and 3 (|z| > 2.11, p < 0.035).

For neck muscles, palpation scores were raised in N-WPs
when compared with recovered WPs (|z| = 5.37, p < 0.000)
[Wald X2 (11, N = 571) = 97.84, p < 0.0000] (see Figure 4e).
All examination days contributed significantly (|z| > 3.03, p
< 0.002).

In palpation of trigeminal-derived muscles, higher palpation
scores were obtained in N-WPs when compared with recovered
WPs (|z|= 5.63, p < 0.000) [Wald X2 (11, N = 571)= 59.48, p <

0.0000] (see Figure 4f). Examination day 4 (|z|= 2.20, p< 0.028)
contributed significantly.

Cold Pressor Pain
When examining cold pressor pain, time-to-peak pain (sec)
scores were similar in WPs and ACs (|z| = 1.26, p > 0.2) (see
Figure 5a) [Wald X2 (7, 562) = 14.66, p < 0.0406]. Discomfort
on the VAS0−10 scale was similar in WPs and ACs (|z| = 0.33, p
> 0.74).

N-WPs (see Figure 5b) had significantly shorter time to peak
pain than recovered WPs and ACs [Wald X2 (11, N = 556)
= 23.73, p < 0.0139], (|z| = −2.96, p < 0.003). The was no
significant difference between N-WPs and recovered WPs (|z| =
1.34, p > 0.18).

Counter Stimulation
Measures of PPT before showed a difference between WPs and
ACs [Wald X2 (5, N = 359) = 28.73, p < 0.000], (|z| = 3.37,
p < 0.001); WPs had PPT scores 102 ± 30 kPa lower than ACs

before the CPT, and examination day 4 was different (|z| = 3.49,
p < 0.000).

During the PPT during immersion of hand in cold water, there
was a significant difference between WPs and ACs [Wald X2 (5,
N = 359) = 23.38, p < 0.0003] (|z| = 2.25, p < 0.025), and
examination day 4 was different (|z|= 2.99, p < 0.003).

No difference in PPT between before and during CPT was
found [Wald X2 (5, N = 359)= 3.98, p > 0.55].

Figures 5c–e shows recovery and counter stimulation. There
was an interaction in PPT before and during the CPT; however,
N-WPs were not significant (|z| < 1.22, p > 0.17).

CROM
When examining an active cervical range of motion,
mobility was significantly restricted in WPs when compared
with ACs (see Figure 6a) [Wald X2 (7, 577) = 23.31,
p < 0.0015] with a significant effect on examination
days 2 and 3 (|z| > 2.08, p < 0.0038) but not 4
(|z| = 1.69, 0.09). There was a significant interaction
between ACs and examination days 3 and 4 (|z| > 2.02,
p < 0.04).

N-WP patient type (|z| = 6.18, p < 0.000) and examination
day 3 did significantly contribute to the difference (|z| = 2.46,
p < 0.014) [Wald X2 (11, N = 559) = 73.67, p = 0.0000],
(see Figure 6b). However, there was no significant interaction
between examination day and patient type.

Neck Strength
When examining maximal MVC (sum of flexion and extension,
Nm), mobility was significantly restricted in WPs when
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FIGURE 5 | (a,b) Cold pressor pain. time-to-peak pain and post-exposure discomfort (VAS0−10). (c–e) Counter stimulation and recovery. (a) Time-to-peak pain (sec)

in cold pressor test and recovery. (b) Discomfort (VAS) in cold pressor test and recovery. (c–e) Counter stimulation and recovery. (c) Counterstimulation difference in

PPT before and during coldpressor test. (d) Counterstimulation PPT before cold pain. (e) Counterstimulation PPT during cold pain.

FIGURE 6 | (a,b) Active Neck Mobility, CROM (degrees). (a) Cervical neck mobility in whiplash and ankle-injured controls. (b) Active cervical range of motion and

recovery.

compared with ACs (see Figure 7a) [Wald X2 (7, N = 564)
= 20.13, p = 0.0053] with an effect of patient type (|z|= 3.04,
p<0.002) and with no significant effect on examination days 2
and 3 (|z| < 0.60, p > 0.49) but an effect after examination day

4 (|z| = 2.00, p < 0.046). There was no significant interaction
between ACs and examination days.

N-WPs had lower MVC [Wald X2 (11, N = 559) = 30.09, p
= 0.0015] (|z| = 2.84, p < 0.005), and examination day did not
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FIGURE 7 | (a,b) Maximal Voluntary Contraction, (kPa). (a) Total MVC (Nm) in whiplash and ankle-injured controls. (b) Total MVC and recovery.

significantly contribute (|z| < 0.5, p > 0.06) (see Figure 7b), and
there was no significant interaction between examination day and
patient type.

DISCUSSION

In this observational prospective study, we found initial
high global pain scores in both WPs and ACs, but 1-
year work-related non-recovery was only encountered in
WPs. Surprisingly, the initial pain burden as assessed with
NWC and total pain rating index was higher in ACs but
was more abundant in WPs afterward. WPs had lowered
PPDT PPT and higher palpation tenderness scores than ACs.
Different patterns in muscle sensitization seemed involved in
neck-related muscles and muscles confined to the trigeminal
system. The use of palpation increased tenderness in N-WPs.
These factors could play an important role in the clinical
presentation and eventually also indicate the possibility of
different treatment options in WAD if trigeminal sensitization
is more involved during non-recovery, indicating an upward
spreading pain (23).

Non-recovered WPs had increased pain levels at all
examinations; however, remote pain was not encountered
in this study (left PIP-III) and, from an early point, presented
with severely affected active motor dysfunction, e.g., active
neck mobility strength, local tenderness in neck and jaw,
and neck-related pains that were more persistent during the
1-year observation. Cold pressor pain showed no difference
between WPs and ACs but reduced time-to-peak pain time
in N-WPs, indicating central sensitization in non-recovery.
The CPT and time-to-peak pain were markedly reduced in
the non-recovered WPs group from an early point. However,
when using counter stimulation, we did not observe abnormal,
aggravating, or more variating responses in non-recovered WPs
than in WPs.

In more recent studies, it has been suggested that chronic
WAD (I–II) is a non-specific neck pain condition, a “de novo”
tension-type headache, as clinical features are similar to non-
specific low-back pain conditions (24). Shared mechanisms
for so-called spinal dyssynergia might underlie the basis for
motor disability, non-recovery, and poor treatment results when
applying known physical rehabilitation methods.

Cervical motor dysfunction was present in WPs but not in
ACs. N-WPs experienced a marked reduction in active cervical
motor function, including severely reduced active neck mobility
and reduced active isometric maximal voluntary contraction,
as well as correlates of central, segmental, and peripheral
sensitizations of the nociceptive system.

Motor dysfunction was pronounced and more prolonged
in non-recovered WPs along with long-term nociceptive
sensitization in neck-related areas.

In the present study, WPs reported muscle tenderness in
trigeminal nerve-innervated muscles separate from muscles
anatomically innervated by upper spinal nerves and lower
cranial nerves. While migraines are driven by sensitization of
the trigeminal system, the upper cervical nerves (greater and
minor occipital nerves) are involved in migraines, tension-type
headaches, and neck pain (25). The mobility and neck strength
measures are based on motor function in neck motor nerves.

Non-recovery was only encountered after whiplash injury
during rear-end MVA. Motor dysfunction and early nociceptive
sensitization were encountered in the non-recovered whiplash
group.Within 1 week, altered pain perception and reducedmotor
function including both regional (neck, head, shoulder/arm)
and remote/generalized dysfunction were encountered in the
non-recovery whiplash group. Previously, we have reported
marked changes in a larger group of high-risk WPs (26).
The present findings are in line with recent studies that
have found dysfunctional neuromotor control in neck-related
muscles and inconsistently in the ocular muscles (27, 28) after
a whiplash injury. EMG changes have been demonstrated,
however, inconsistently (29–32), and similarly, inconsistently,
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dystonic neck muscles have been observed after an acute
whiplash injury. In the present study, only active neck strength
and mobility were examined.

We have previously shown that non-recovered WPs (33)
report a significantly larger amount of concussion-related
symptoms early after injury. After a concussion (34), a significant
number of patients develop de novo migraine-like headaches
and/or de novo tension-type headaches, in particular previously
pain-free young persons with a mixed headache presentation.

The spinal and cerebral components after mild central
neurotrauma bear great resemblance regarding cognitive
dysfunction and distress (4, 35–37), but motor disabilities seem
to differ between the groups, as this study also indicates.

The weakness of the present study is that it is a secondary
publication reassessing previously published results. The strength
of the study is the prospective observational design with a
control group that was exposed to a pain-producing injury
remote from the neck/head rather than a healthy control group;
however, the initial matching had some limitations as it was
arduous to recruit age- and sex-matched participants with AC.
WPs and ACs were examined as soon as within 1 week after
injury and followed up for 1 year. The main outcome was 1-
year work disability (20). It could be argued that the control
group was small (ACs: n = 40); however, the logistics and
timeframe of the initial design of a prospective controlled study
could not have been achieved without these limitations, given
that the original study was a PhD study done in 3 years.
Furthermore, the use of an examiner (HK) who was not blinded
toward the diagnosis of participants with WP and AC could
be inducing bias in the mere handling of the two groups.
Recovery status was however determined after all examinations
were done.

CONCLUSION

Further investigations of initial active motor dysfunction
and pain development, nociceptive sensitization, and the
spread of pain in whiplash-associated disorders are still
needed. The present results emphasize the complexity of neck
injury exposure, thereby demonstrating the importance of
including biological, psychological, and social factors in future
studies (38–41). Furthermore, standardization of clinical and
paraclinical measures should pave the road for future studies and
hopefully bring along new treatment options after “apparently”
mild neck injuries.
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