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Abstract: Whiplash injuries (WLs) are the most frequent cause of emergency room visits
after motor vehicle collisions. In clinical practice, massage, electrotherapy, mobilization,
or therapeutic exercise are used. As part of manual therapy, high-velocity, low-amplitude
manipulative techniques can also be used. Objectives: To evaluate the effect of the cervical
Specific Adjustment Technique (SAT) in adults affected by whiplash on pain, functionality,
cervical mobility, and radiological changes in cervical curvature through a prospective,
single-blind, randomized clinical trial. Methods: One hundred and nineteen patients
with grade II acute WL were randomly assigned to either the manipulation group (MAN
group = 59) or the rehabilitation group (RHB group = 60) to receive 3 or 20 sessions of
treatment, respectively. Both groups were measured at baseline and 15, 30, and 120 days
after starting treatment. Results: Statistically significant differences were found in the MAN
group in flexion (p = 0.041) and left-side bending (p = 0.022); similar statistical values were
found in the other measures. According to the interaction treatment-time effect, statistical
significance for the Cobb angle was obtained in the MAN group (p = 0.047). Conclusions:
the effects of SAT were comparable in terms of pain, functionality, and mobility of the
cervical spine. Although further research is needed on its effects in the acute phase, due to
its effectiveness and lower associated cost, SAT could be considered a useful technique, at
least during the first 3 months after a traffic collision.

Keywords: whiplash injuries; manipulation; manual therapy; physical therapy; exercises;
neck pain

1. Introduction
Whiplash injuries (WLs) and their consequences, along with whiplash-associated

disorders (WADs) [1], are the most frequent cause of emergency room visits after motor
vehicle collisions [2]. Whiplash is defined as a mechanism of energy transfer through
the tissues of the neck in which some degree of tissue damage is likely. Their magnitude
can range from a sprain/strain of soft tissues to complete rupture, joint dislocation, bony
fracture, or even spinal cord trauma [3].
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The annual incidence of WL is up to 70 per 100,000 individuals in Quebec, 106 per
100,000 individuals in Australia, 188–325 per 100,000 individuals in Holland, and 60.2 per
100,000 individuals in Spain. In these data, almost 90% of patients with WL registered in
emergency room services exhibited evidence of grade II–III WL [4].

Whiplash injury (WL), understood as a cervical spine strain after trauma, can cause
a great variety of clinical manifestations, such as pain and neck stiffness; numbness in
the upper extremities; concentration and memory problems [5]; and other problems, like
anxiety or depression [6]. However, there is no consensus regarding the multi-factorial
mechanisms underlying prolonged WAD symptoms, perhaps because, despite progress
in diagnosis through imaging tests, damage and physiological alterations are often not
detectable. Some of the sequelae of WAD may be explainable as a mild traumatic brain
injury; other theories include central sensitization, occult fracture, ligament instability, and
changes in cervical lordosis [7–9]. Regarding this last hypothesis, although the association
between changes in cervical lordosis and neck pain has been studied as a possible cause of
cervical pain, there are not many studies on patients with whiplash injury [10,11].

In clinical practice, therapeutic exercise has shown evidence in reducing the duration
and severity of WL in the treatment of pain, movement deficits, and disability, although this
response may be variable, especially in the early stages [12]. There are several reviews with
meta-analyses suggesting that exercise therapy lasting between 4 and 6 weeks may provide
an additional effect for the improvement in neck pain and disability in patients with post-
traumatic whiplash-associated disorders [13,14]. However, there is no consensus on which
approach is best to manage these patients [15], and many reports reveal significant gaps in
the information from studies investigating exercise for whiplash-associated disorders [16].

Moreover, high-velocity, low-amplitude manipulative techniques of the cervical spine
seem to offer results in recent and persistent nonspecific neck pain without additional
cost [17,18]. In fact, together with multimodal care, mobilization/manipulation has been
recommended in clinical practice guidelines on the treatment of whiplash-associated dis-
orders [19,20], combined with other treatments, such as educational videos and pain
neuroscience education, exercises, or conventional physical rehabilitation [14,21]. All these
treatments are also frequently used to treat neck problems, and they can produce similar
changes in the short term, although with different healthcare costs. However, the optimum
treatment and adequate dosage have not been determined, and there are insufficient data
to assess long-term outcomes. Furthermore, although manipulative techniques seem to be
effective in combination, there is insufficient evidence to confirm their benefit over more
traditional techniques, as the available evidence on their effectiveness is limited, and the
studies are of low quality [22]. Therefore, the main aim of the study was to determine the
mid- and long-term efficiency (15, 30, and 120 days after starting sessions) of the cervical
Specific Adjustment Technique (SAT) in patients with grade II acute WL, comparing it with
a conventional rehabilitation program.

2. Materials and Methods
This prospective, single-blind, parallel-group randomized clinical trial was carried out

in the physiotherapy service of the Clinic Hospital of Terrassa with the participation of the
rehabilitation, radiology, traumatology, and surgery services from May 2024 to November
2024. The study was registered on ClinicalTrials.gov (NCT06389188). It was conducted in
accordance with the Declaration of Helsinki and performed in accordance with relevant
guidelines and regulations of the local Ethics Committee in Clinical Research of Clinic
Hospital of Terrassa. The research is reported in accordance with the CONSORT guidelines.
In addition, informed consent was obtained from all participants before data collection
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and interventions. Informed consent was also obtained to publish the images in an online
open-access publication.

A total of 119 subjects with WL were recruited from emergency services of the Clinic
Hospital of Terrassa. Prior to study, participants were randomly divided into two groups,
MAN-Group (n = 59) and RHB-Group (n = 60), using the random number generator of a
statistical program (SPSS version 24) to receive 3 and 20 treatment sessions, respectively
(Figure 1). A single-blind study was performed because baseline measures were collected
before randomization, and the outcome assessments were blinded. On the other hand,
the patient did not know which procedure, experimental or control therapy, was going to
be applied.
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Figure 1. Flow-diagram of participants throughout the course of the study.

Inclusion criteria were patients between 18 and 60 years of age who went to the
emergency service after suffering a traffic car collision and were the driver of the car, as
well as diagnosed with acute WL grade II WAD by physicians from the traumatology
service (with neck pain due to whiplash trauma with objective findings but no radicu-
lopathy). In addition, patients had to be referred to the hospital rehabilitation service.
The exclusion criteria include other symptomatology different from neck pain and other
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coexisting medical conditions, which could severely restrict participation in the study. The
participants were asked not to seek other physiotherapy or pharmacological treatment
during the study period.

Pain with Visual Analogue Scale (VAS), Neck Disability Index (NDI), and Cervical
Range of Motion (CROM) were measured at baseline, 15, 30, and 120 days after starting
treatment sessions. Other outcomes were also measured at different times—hospital anxiety
and depression scale (HADS) and cervical lordosis Cobb angle (COBB) (Figure 2).
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Figure 2. Sequence of treatment and outcome measures. VAS, Visual Analogic Scale; NDI, Neck
Disability Index; CROM, Cervical Range of Motion; COOB-Rx, angular radiographic measurement
using the Cobb method; HADS, hospital anxiety and depression scale; T1 to T4, first to fourth
assessments; SAT, Specific Adjustment Technique in vertebral levels; Sess_1 to 3, sessions of treatment;
MAN, experimental manipulation group; RHB, control rehabilitation group.

2.1. Interventions

In the RHB group, the treatment protocol was carried out for four weeks, with five
sessions per week, from Monday to Friday. Patients who were randomized into the MAN
group were treated with cervical spine manipulation with SAT and received a total of
3 sessions of treatment over a month (days 1, 15, and 30 after the beginning of the study).
Previously, a specialized physical therapist assessed that there was no risk of vertebro-
basilar injuries following the International Framework [23]. Interventions in both groups
occurred over the same time period, and all patients started their sessions during the first
two weeks after the traffic car collision.

The SAT (see Video S1 in Supplementary Materials) was performed by a single phys-
iotherapist with more than 20 years of experience in manual therapy. Treatment with SAT
was applied over the superior cervical segment (cervical-2/cervical-3) after the baseline (T1)
(Figure 3); the second intervention, over inferior cervical segment (cervical-5/cervical-6),
was made after (T2); the third intervention was made after (T3), over superior thoracic
segment (thoracic-1/thoracic-2). To ensure the safety of the treatment, there was a protocol
in place to report and monitor adverse effects until the end of the study (T4), 90 days after
the last intervention. In some cases, mild, short-term neurovegetative reactions (sweating
or hypotension) appeared during or immediately after performing the treatment.
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The RHB group was treated with passive manual therapy (P-MT) via soft tissue
mobilization, massage, and muscular stretching of the anterior and posterior cervical
muscles; active therapeutic exercises (A-TE); and oculo-cervical exercises (OC-E). Due to
the high number of patients, a longer treatment time, and the limited resources available
in the Rehabilitation Service of the Hospital de Terrassa, three different physiotherapists
with more than 15 years of clinical experience participated. Before starting the study, they
attended a 3-h workshop to reach a consensus on the techniques and their application.
Patients received a total of 20 sessions of 30 min each over 4 weeks (Figure 2). The exercises
were performed five times (30-s intervals each time) in a sitting position. Cervical movement
was performed during expiration time, always in the same order. The eye exercise program
was structured with cervical exercises, eye exercises, and a combination of both. Cervical
exercises were performed in a seated position with an upright trunk supported by the
chair backrest. During exhalation, the subjects executed cervical movements in a specific
order: suboccipital flexion and extension, global cervical flexion and extension, right and
left rotation, and right and left lateral flexion. Each cycle consisted of 5 repetitions, with a
30-s rest in a neutral position between cycles; ocular exercises were performed in a seated
position with the trunk stabilized. The subjects held a reference object and directed their
gaze in different directions (upward, downward, right, left, and diagonals) without moving
the neck or trunk (Figure 4). Each cycle included 5 repetitions, followed by a 30-s rest
to prevent dizziness or hyperventilation. To ensure proper execution, the subjects were
advised to hold their chin with one hand to prevent compensatory movements; combination
of exercises, both cervical and ocular exercises, were performed in the same sequence. The
movement was always in the same order, finally describing diagonals. In addition, during
the third and fourth weeks, the same previous protocol was performed, adding bilateral
cervical stretching.
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Figure 4. Ocular and cervical exercises. (A) Cervical exercises. Patient performs flexion and extension,
left and right rotation, and side bending; (B) ocular exercises. Patient performs ocular movement in
some directions without neck movement; (C) ocular and cervical exercises combined.

2.2. Outcome Measures

The baseline measures were collected before randomization, and the outcome assess-
ments were blinded. All assessment measures, including range of motion and the Cobb
angle on radiography, were collected by the same clinician, who was not involved in the
treatment programs and did not know to which group belonged the outcomes assessed.
Except for cervical range of motion, all outcome measures were recorded for statistical
analysis only once. In addition, at the physiotherapy service, patients received a paper
copy of the questionnaires to fill out on their own. As Figure 1 shows, four assessments
were taken in this study in both groups (T1–T4).

2.3. Subjective Pain Intensity

Neck pain intensity was assessed with a Visual Analogue Scale (VAS) to measure
the amount of pain experienced by a subject from both groups on a continuum from
0 to 100 mm. Scores can range from 0 (no pain) to 100 (worst imaginable pain). This
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method has been proven to be a reliable, generalizable, and internally consistent measure
of clinical and experimental neck pain [24].

2.4. Neck Specific Disability

Neck-specific disability was measured with Neck Disability Index (NDI). The NDI is a
valid measurement of disability in neck pain disorders. It is widely used, and it has shown
good reliability and validity in WAD studies. NDI scores can range from 0% (no limitation
on activity) to 100% (worst possible disability) [25,26].

2.5. Cervical Range of Motion (CROM)

Neck range of motion was tested with the CROM Instrument. The CROM attaches
to the subject’s head and contains two gravity goniometers and one compass goniometer.
All cervical motions and subsequent measurements were performed according to the
manufacturer’s specifications and were reproduced exactly for each trial, with a single
examiner performing all measurements [27]. CROM was assessed in a relaxed sitting
position, hips and knees positioned at 90◦ angles and buttocks positioned against the back
of the chair. The goniometer was placed on the top of the head and was set in the neutral
position. The participants were instructed to hold at the end of the movement for three
seconds for every register. Three measurements were recorded for each type of movement,
and the mean was used in further statistical analysis. The CROM device is a reproducible
measurement method for a symptomatic WAD population using the measurement protocol
described [28].

2.6. Cervical Lordosis Cobb Angle

Cobb angle (COBB) method was measured to assess cervical lordosis as the angle
between the horizontal line on the lower endplate of second cervical vertebra (C2) and
a horizontal line on the lower endplate of seventh cervical vertebra (C7). A clinically
normal cervical lordosis has been described as a Cobb angle of 31–40 degrees, with subjects
standing and eyes focused straight ahead. A cervical lordosis of less than 20◦ from C2 to
C7 has been shown to be related to cervical dysfunction and pain [9].

2.7. Hospital Anxiety and Depression Scale

Hospital anxiety and depression scale (HADS) was used to determine the levels
of anxiety and depression experienced by participants. HADS has 14 items, and it was
designed for the evaluation of anxiety and depression in non-psychiatric outpatient hospital
services. The entire sum for both HADS anxiety and HADS depression levels ranges from
0 to 21. A score equal to or more than 10 indicates clinically significant symptoms of anxiety
or depression [29].

2.8. Clinical Applications

This study aims to contribute to the advancement of the knowledge about the treat-
ment of acute grade II WL, showing the effectiveness of SAT compared to other frequently
used treatment protocols. The lack of randomized clinical trials related to the application of
spinal manipulation techniques in whiplash injury, compared to studies in which passive
and active interventions are applied, increases the interest in this study. According to
the results, it could be included as part of used treatment protocols in the treatment of
acute grade II WL since it could reduce the number of treatment sessions and associated
healthcare costs.
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2.9. Statistical Analysis

Sample size calculation with ANOVA of repeated measures of two ways was per-
formed with the G*Power 3.1.9.2 software, with 0.25 medium effect size and at 5% sig-
nificance level, power of 0.8; the sample size was n = 98 for both groups. We considered
a sample loss of 20%, and 59 participants were required in each group. The main anal-
yses were made on an intention-to-treat basis, including all available patients at either
time point.

Data were analyzed with SPSS Version 24. Descriptive statistics were calculated, and
normality of quantitative measures was verified. Finally, to study the main objective,
mixed models of analysis of variance were separately estimated for each response. The
between-subject factor was the treatment group, the intra-subject factor was the time of
measurement, and the interaction between both was also analyzed. Age and gender were
added as adjustment terms for the between-subject comparison. In cases of significant
interaction, an additional simple effect analysis was performed. Cohen’s d effect size
was calculated for each contrast. Absolute values of d were interpreted according to the
outcome: a null effect for values < 0.20, a small effect for values of 0.20–0.50, a medium
effect for values of 0.50–0.80, and a large effect for values > 0.80.

3. Results
One hundred and twenty-nine participants were screened for the eligibility criteria.

One hundred and nineteen participants met the inclusion criteria and were randomly
assigned to the MAN (n = 59) or RHB (n = 60) group to receive 3 and 20 treatment sessions
over 4 weeks. At three-month follow-up, analyses were conducted in 53 participants of the
experimental group and 50 participants of the control group. Table 1 shows descriptions of
demographic and clinical data at first measurement for the entire sample and separated by
groups. There were no significant differences between the groups before treatment or at
follow-up for any outcomes. Table 2 shows the mean outcome for the two groups along the
three follow-ups and the significance of the three effects analyzed in each mixed model.
Table 3 shows the contrasts associated with the main effects of treatment and time for the
previous mixed models. Regarding the interaction analysis for lordosis, Table 4 shows
the simple effect analysis comparing the treatment effect for each measurement time for
responses with significant interactions.

Table 1. Baseline characteristics of participants.

Total MAN RHB p

Age 32.3 ± 9.3 30.6 ± 8.3 34.0 ± 10.4 0.212
Gender

0.315Male 66 (55.5) 32 (53.6) 34 (56.7)
Female 53 (44.5) 27 (46.4) 26 (43.3)
Type of injury

0.886Extension 8 (10.1) 5 (11.9) 3 (8.3)
Flexion 70 (89.9) 37 (88.1) 33 (91.7)
Employment

0.506Yes 70 (58.8) 36 (61.0) 33 (55.0)
No 49 (41.2) 23 (39.0) 27 (45.0)
Days to start of treatment 18.1 ± 8.4 17.5 ± 6.1 18.7 ± 10.7 0.334
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Table 1. Cont.

Total MAN RHB p

Pain (VAS) 6.5 ± 2.0 6.7 ± 2.0 6.6 ± 1.9 0.344
Disability (NDI) 46.5 ± 16.9 45.5 ± 16.1 47.6 ± 17.8 0.250
Cervical mobility (CROM) (◦)
Flexion 31.6 ± 13.9 31.7 ± 15.8 31.5 ± 11.9 0.472
Extension 41.6 ± 16.9 41.9 ± 17.9 41.3 ± 16.1 0.424
Right rotation 43.8 ± 16.4 44.6 ± 17.4 43.0 ± 15.5 0.293
Left rotation 42.5 ± 14.1 41.9 ± 15.1 43.2 ± 13.2 0.314
Right side bending 27.9 ± 10.5 28.2 ± 11.9 27.7 ± 9.0 0.394
Left side bending 30.8 ± 9.8 31.5 ± 10.2 30.1 ± 9.5 0.218
Anxiety (HADS) 10.3 ± 4.4 10.1 ± 4.1 10.5 ± 4.8 0.312
Depression (HADS) 7.2 ± 4.2 6.8 ± 3.6 7.6 ± 4.8 0.173
Lordosis (COOB) 20.0 ± 12.6 18.1 ± 11.9 22.0 ± 13.1 0.101

Values are mean ± SD or n (%). MAN, experimental manipulation group; RHB, control rehabilitation group; VAS,
pain Visual Analogue Scale; NDI, Neck Disability Index; CROM, Cervical Range of Motion Instrument; HADS,
hospital anxiety and depression scale; COOB, angular radiographic measurement using the Cobb method.

Table 2. Descriptive of outcomes and significance of components of mixed models.

Mean Treatment Time Treatment ×
Time

Treatment T1 T2 T3 T4 F p F p F p

Pain (VAS) RHB 6.55 5.46 3.85 2.43
0.15 0.701 50.09 <0.005 0.73 0.774MAN 6.69 5.76 3.58 2.05

Disability (NDI) RHB 47.6 37.7 23.0 16.2
0.10 0.750 57.80 <0.005 0.31 0.817MAN 45.5 37.4 24.4 13.1

Flexion (CROM) RHB 31.5 32.9 39.5 44
4.22 0.041 18.85 <0.005 1.38 0.253MAN 31.7 39.1 46.5 48.9

Extension (CROM) RHB 41.3 48.6 52.1 60.5
0.03 0.851 22.43 <0.005 0.45 0.721MAN 41.9 45.9 55.9 63.2

Right rotation
(CROM)

RHB 43.0 48.3 53.4 59.5
2.87 0.092 20.75 <0.005 0.44 0.724MAN 44.6 52.2 58.7 60.4

Left rotation (CROM) RHB 43.2 48.9 58.2 61.1
0.27 0.604 32.69 <0.005 0.32 0.811MAN 41.9 50.9 59.4 59.9

Right side bending
(CROM)

RHB 27.6 31.9 34.0 37.2
2.92 0.089 20.03 <0.005 1.41 0.243MAN 28.2 33.4 39.8 40.4

Left side bending
(CROM)

RHB 30.1 34.4 35.6 39.5
5.31 0.022 22.19 <0.005 2.28 0.083MAN 31.5 37.2 43.3 44.6

Lordosis (COOB) RHB 22.0
NA

25.2
NA 1.64 0.202 4.42 0.037 0.42 0.037MAN 18.1 24.3

Anxiety (HADS) RHB 10.5
NA

7.4 7.0
0.11 0.736 21.02 <0.005 1.10 0.337MAN 10.1 7.3 5.0

Depression (HADS) RHB 7.6
NA

4.0 3.7
0.13 0.715 25.77 <0.005 1.11 0.333MAN 6.8 4.3 2.3

Treatment, effect of treatment; Time, effect of time; Treatment × Time, interaction effect treatment by time; T1 to
T4, first to fourth assessments; VAS, pain Visual Analogue Scale; NDI, Neck Disability Index; CROM, Cervical
Range Of Motion Instrument; COOB, angular radiographic measurement using the Cobb method; HADS, hospital
anxiety and depression scale; RHB, control rehabilitation group; MAN, experimental manipulation group; NA,
not applicable; adjusted by age and gender.
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Table 3. Contrasts between treatment groups and assessment times.

MAN vs. RHB T2 vs. T1 T3 vs. T1 T4 vs. T1
MD p/d 95% CI MD p/d 95% CI MD p/d 95% CI MD p/d 95% CI

Pain (VAS) 0.11 0.701/0.04 −0.47; 0.70 −1.00 0.001/0.31 −1.58; −0.42 −2.90 <0.005/0.73 −3.63; −2.18 −4.38 <0.005/0.99 −5.19; −3.57

Disability (NDI) 0.64 0.750/0.03 −3.28; 4.55 −8.95 <0.005/0.34 −13.63;
−4.26 −22.84 <0.005/0.87 −27.57;

−18.11 −32.1 <0.005/1.06 −37.56;
−26.56

Flexion (CROM) 3.36 0.041/0.19 0.14; 6.59 4.30 0.025/0.21 0.55; 8.05 11.34 <0.005/0.53 7.49; 15.20 14.95 <0.005/0.58 10.24; 19.67
Extension (CROM) 0.36 0.851/0.02 −3.41; 4.13 5.61 0.013/0.23 1.18; 10.05 13.40 <0.005/0.53 8.84; 17.95 20.30 <0.005/0.67 14.78; 25.81

Right rotation (CROM) 2.69 0.092/0.16 −0.44; 5.81 6.46 0.002/0.29 2.42; 10.51 12.24 <0.005/0.55 8.18; 16.29 16.27 <0.005/0.66 11.78; 20.75
Left rotation (CROM) −0.84 0.604/0.05 −4.01; 2.34 7.26 <0.005/0.34 3.43; 11.10 16.20 <0.005/0.77 12.38; 20.02 18.02 <0.005/0.73 13.51; 22.53

Right side bending
(CROM) 2.03 0.089/0.16 −0.31; 4.38 4.71 0.001/0.31 1.93; 7.50 8.95 <0.005/0.57 6.10; 11.80 11.20 <0.005/0.61 7.83; 14.60

Left side bending (CROM) 2.69 0.022/0.21 0.39; 4.99 4.93 <0.005/0.33 2.20; 7.65 8.54 <0.005/0.56 5.78; 11.30 11.67 <0.005/0.66 8.45; 14.90
Lordosis (COOB) −3.04 0.202/0.12 −7.72; 1.65 NA Table 4 NA
Anxiety (HADS) −0.21 0.736/0.03 −1.43; 1.01 NA −2.92 <0.005/0.42 −4.18; −1.66 −4.34 <0.005/0.54 −5.80; −2.88

Depression (HADS) −0.20 0.715/0.03 −1.26; 0.87 NA −2.98 <0.005/0.48 −4.12; −1.85 −4.28 <0.005/0.61 −5.56; −3.00

MD, mean difference; MAN, experimental manipulation group; RHB, control rehabilitation group; T1; T4, first;
fourth assessments; VAS, pain Visual Analogue Scale; NDI, Neck Disability Index; CROM, Cervical Range Of
Motion Instrument; COOB, angular radiographic measurement using the Cobb method; HADS, hospital anxiety
and depression scale; NA, Not applicable; d: Cohen’s d effect size; adjusted by age and gender.

Table 4. Interaction analysis for lordosis (COOB) for T3 vs. T1.

Treatment
T3 vs. T1

MD p/d 95% CI

RHB 3.24 0.319/0.09 −3.16; 9.65
MAN 6.12 0.047/0.18 0.07; 12.17

MD, mean difference; COOB, angular radiographic measurement using the Cobb method; T3-T1, third and first
assessments; RHB, control rehabilitation group; MAN, experimental manipulation group; d: Cohen’s d effect size;
adjusted by age and gender.

According to the type of treatment, statistically significant differences were found in
flexion (p = 0.041) and left side bending (p = 0.022) in both cases, with the highest means
in the experimental group. According to the effects of the time factor, all the outcomes
showed significant general changes over time, which resulted in significant comparisons
between each time point versus the baseline for all outcomes. Differences between time
assessments were negative (pain, disability, anxiety, and depression) or positive (the rest of
the measures) but reflected an improvement in the evaluation in all cases.

According to the interaction treatment–time effect, it was found that the evolution
in both groups had statistically similar values in all measures except for the Cobb angle,
where statistical significance was obtained (p = 0.047). The change between assessments
after treatment and at baseline was positive for both treatment groups but only significant
in the MAN group.

4. Discussion
The present study showed the effectiveness of SAT in grade II WAD treatment (neck

pain and musculoskeletal signs) compared to a protocol based on therapeutic exercises and
soft tissue mobilization. As hypothesized, the effects of SAT on pain, functionality, and
CROM and the effects on anxiety and depression were comparable to other physiotherapy
techniques [30]. However, the limited number of high-quality trials in this field limits the
strength of the conclusions.

Initial outcome measures within the first 6 weeks after the accident in the acute phase
of whiplash-associated disorder (WAD) were justified by the importance of measuring the
initial response to the intervention, since improvements or changes are normally expected
during this period [31]. This allows capturing the short-term effects of the intervention.
Furthermore, it should be noted that the 30-day treatment period was established in the
treatment protocol of the Rehabilitation Service of the Hospital de Terrassa. Finally, the
90-day follow-up period was included to compare, in both groups, the results in the acute
management of WADII in the mid- and long-term since some patients may experience
persistent symptoms. In this sense, there are studies that conclude that conservative and
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active interventions can be useful for reducing pain in the acute management of WADII
in this period [4], but there are no studies on techniques such as SAT, which can offer
comparable effects with a lower number of associated sessions.

In our study, we found that 3 treatment sessions in the experimental group were more
effective than 20 treatment sessions in the control group. It is important to emphasize that
the intervention in the experimental group lasted considerably less time (an average time
of 45 min per session compared to 15 min for cervical manipulation). Although there is a
knowledge gap in health economic evidence for non-invasive interventions in whiplash
injuries, previous studies have been carried out to analyze not only the efficacy but also
the cost-effectiveness relationship associated with different treatment approaches, like
a behavioral therapy protocol or a manual therapy protocol compared with exercise or
compared to a standard and conservative care program for people with neck pain following
traffic accidents [32].

Because head orientation in space and posture require the visual, vestibular, and
proprioceptive systems, neck and eye exercises are important in maintaining neck dynamics,
and eye exercises have also been shown to influence cervical mobility. In addition, the
mobilization of soft tissues, with massage and stretching of the anterior and posterior
muscles of the neck, has been frequently applied, although caution is needed when drawing
a valid conclusion on the efficacy of active and passive interventions in patients with
whiplash injury [33].

De Rosario et al. [34] concluded that neck motion analysis was a useful objective
tool to estimate part of the course of pain-related disability in WAD patients during the
first months of rehabilitation. In this sense, Rahnama et al. [35] used dynamic ultrasound
imaging to measure muscle deformation (elongation or shortening of the muscle during
real-time movement) and the deformation rate (how fast the deformation occurs) of the
deep dorsal neck muscles during a neck extension task. This research showed altered
values associated with pain, disability, and fatigue between individuals with WAD and
healthy controls. These findings possibly reflect that these muscles utilize altered strategies
while performing a neck extension task. Indeed, adaptive dysfunctional patterns may
develop that are secondary to the functional deficits. Peterson et al. [36] showed how three
months of neck-specific exercises significantly improved ventral neck muscle interactions
compared with staying on a waiting list. In our study, the differences obtained between
the RHB group and the MAN group on CROM, only in flexion and left side bending, are
difficult to explain. Despite this, improvement in CROM in the second measurement in both
groups stands out, especially in the long-term measurement, where the greatest differences
were obtained. Although more studies to verify these results are needed, the relevance of
performing specific neck, scapulothoracic, and shoulder mobilization and strengthening
exercises in the acute phase is raised [13].

Apart from that, considering that the association between cervical lordosis (sagittal
alignment) and neck pain is controversial, some studies have proposed that decreased
cervical lordosis, especially involving a kyphotic deformity from trauma, degeneration, or
forward head posture, could cause neck pain [37]. For this reason, one of the short-term ob-
jectives should be to recover the curvature in the cervical lordosis, but it is unclear whether
spinal manipulative therapy can change cervical lordosis since several investigations have
obtained conflicting results [10,11]. One of the objectives of this study was to increase
knowledge in this field and to determine whether cervical lordosis changes after three
spinal manipulations in patients with grade II whiplash-associated disorders.

Although the RHB group had higher baseline cervical lordosis than the MAN group
(22 vs. 18.1), there were no significant differences between the groups, and the final
lordosis was practically the same (25.2 vs. 24.3). The treatments increased the Cobb angle
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in both groups (RHB = 3.24, MAN = 6.12), as reflected in the significant treatment by
time interaction (p = 0.037), but only the SAT produced a significant increase (p = 0.047).
Although there are few previous studies that are related, Harrison et al. [10] compared
the effects of a sequence of cervical manipulations in a chronic cervicogenic pain group
with a control group. Pretreatment and post-treatment Visual Analogue Scale (VAS) pain
ratings and lateral cervical radiographs were analyzed for changes in alignment. This
protocol decreased neck pain intensity and improved cervical lordosis. Anterior head
weight-bearing was reduced by 11 mm, Cobb angles averaged an increase of 13 degrees,
and the angle of intersection of posterior tangents on C2 and C7 averaged 17.9 degrees of
improvement. These results are in line with those obtained in our study (an increase of
6.12 degrees in Cobb angle), considering that the differences obtained in the measurements
may be the consequence of a greater number of interventions (3 manipulations over 4 weeks
in our study vs. 38 manipulations over 15 weeks).

Although there is no strong relationship between cervical lordosis measurements,
disability, and pain level [38], some studies, such as that by Yip et al. [39], related to the
craniovertebral angle (CV) (the angle formed between a horizontal line through the spinous
process of C7 and a line from the spinous process of C7 through the tragus of the ear, used
to assess the posture of the head forward)), found a clear association of this variable with
the degree of neck pain and disability.

Musculoskeletal disorders, especially WL, and myofascial pain syndromes may play
an important role in the correlation between forward head posture, neck pain, and reduced
cervical lordosis. In this sense, an increase in cervical lordosis, as indicated by Sun et al.
(2014), could reduce the compression of the cervical facet joint and produce a decrease in
pain [37].

The available studies that have reported a possible association between neck pain
and the angle of lordosis have been carried out in different conditions of neck pain, but
there are few studies with this objective in WL [40,41]. However, our findings reinforce the
hypothesis that an increase in cervical lordosis could also be associated with a decrease
in pain in patients with acute whiplash and would justify the use of spinal manipulation
techniques (cervical and thoracic) in their treatment, as described in several systematic
reviews on neck pain [3,13]. Additional studies are needed to clarify whether the CV or the
Cobb angle could provide clinicians with more objective information about disability and
severity in patients with neck pain [9].

Finally, psychological factors are suggested to be as important as collision severity in
predicting the complaints and the changes related to treatment in collision victims with
WAD grade I and II [42]. In our study, the results of anxiety and depression obtained with
the HADS questionnaire show a greater decrease in the experimental group, although not
significant, comparing measurement times T3 and T4 versus T1. These results agree with
Wenzel et al. (2002), who found a positive association between whiplash injuries and anxiety
and depression disorder (HADS questionnaire) in whiplash injuries produced more than
2 years ago but not in more recent whiplash injuries [43]. Part of the association between
whiplash injuries and long-term anxiety and depression may be due to the personal wear
and tear experienced by the patient when he perceives that the symptoms (mainly neck
pain and headache) do not improve.

Before concluding, we need to address the limitations of this study. The large volume
of patients, a longer treatment time, and limited resources available caused three different
therapists to be assigned to the RHB group. This could increase the inter-researcher
variations, although they had a previous meeting to reach a consensus. All the outcome
assessments were taken by the same physician in all the variables. However, the radiologist
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who obtained the image could be different, although we also had a previous meeting at
the baseline.

Additional limitations included the difficulty of blinding therapists and patients due
to the type of manipulation technique and the number of lost-to-follow-up participants
compared to those who dropped out during intervention. Regarding those lost to follow-
up, it is difficult to have a broad, detailed understanding of the biopsychosocial and
contextual issues influencing recovery and compliance with treatment [44]. It would
have been interesting to implement some type of complementary intervention, such as
educational meetings, to maintain the patient’s interest and adherence [45]. The possibility
that the patient improved significantly could have influenced the results (a period between
30 and 130 days is estimated for recovering from pain) [46]. In our study, from the end
of treatment until the last evaluation (T3 to T4 measurement), 90 days had passed (and
120 days since baseline).

We have not found studies that relate the loss rate or the lack of adherence with
self-reported clinical improvement after a whiplash injury, but it is an interesting aspect
that should be studied because it is possible that they are related. On the other hand,
the payment of the financial compensation from the insurance company could be related
since several studies have analyzed the influence of the economic factor in the recovery
process [46].

5. Conclusions
The absence of significant differences between groups, before treatment and at follow-

up, for any outcome makes the SAT comparable, and even better in some regard, to the
treatments when treating pain and improving the functionality and mobility of the cervical
spine. It was also successful in determining the evolution of states of anxiety and depression.
Furthermore, it was shown to be effective when we found a loss of cervical lordosis since
the significant treatment–time interaction showed that the Cobb angle increased in both
groups, although only SAT produced a significant increase.

Although more research is needed on the effects of cervical manipulation techniques
in grade II WL in the acute phase, due to its effectiveness and low associated healthcare
cost (a shorter treatment period of 3 vs. 20 treatment sessions), SAT could be included in
treatment protocols or clinical practice guidelines.
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WLs Whiplash injuries.
SAT Specific Adjustment Technique.
MAN Manipulation group.
RHB Rehabilitation group.
WAD Whiplash Associated Disorders.
SPSS Statistical Package for Social Sciences.
VAS Visual Analogue Scale.
NDI Neck Disability Index.
CROM Cervical Range of Motion.
HADS Hospital anxiety and depression scale.
COBB Cobb angle.
COBB Rx Cobb angle radiograph.
T1 Baseline.
T2 Second intervention.
T3 Third intervention.
T4 Fourth intervention.
P-MT Passive manual therapy.
A-TEs Active therapeutic exercises.
OC-Es Oculo-cervical exercises.
C2 Second cervical vertebra.
C7 Seventh cervical vertebra.
Sess. Session.
SAT C2/C3 Specific Adjustment Technique in the C2/C3 vertebral segment.
SAT C5/C6 Specific Adjustment Technique in the C5/C6 vertebral segment.
SAT T1/T2 Specific Adjustment Technique in the T1/T2 vertebral segment.
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