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LAY ABSTRACT
The aim of this study was to evaluate the effectiveness of 
neck-specific coordination training using a virtual reality 
device, in comparison with general coordination training 
and a standard exercise programme as part of inpa­
tient rehabilitation for patients with chron ic neck pain. 
Pain, disability and mobility of the neck were determin­
ed before and after 3 weeks of training intervention in 
51 patients. The virtual reality training group exhibited 
greater effects in relief of headaches, and bending the 
neck forwards and backwards com pared with the stan­
dard exercise group, and an increased ability to bend 
the neck backwards compared with the coordination 
training group. The results suggest that neck-specific 
coordination training using a virtual reality device in­
creases  the benefits of standard inpatient rehabilitation 
in patients with chronic neck pain, particularly in bend­
ing the neck backwards.

Objective: To evaluate the effects of neck-specific 
sensorimotor training using a virtual reality device 
compared with 2 standard rehabilitation program-
mes: with, and without general sensorimotor train-
ing, in patients with non-traumatic chronic neck 
pain.
Design: Pilot randomized control study.
Patients and methods: A total of 51 participants were 
randomly assigned to 1 of 3 groups: 1: control group; 
2: sensorimotor group; 3: virtual reality group. All 3 
groups received the clinic’s standard rehabilitation 
programme. Group 2 also received “general sensori-
motor training” in the form of group therapy, for a 
total of 120 min. Group 3 received additional virtual 
reality-based “neck-specific sensorimotor training” 
for a total of 120 min. Participants’ neck pain, head-
aches, active cervical range of motion, and Neck 
Disability Index were determined before and after 3 
weeks of intervention.
Results: Compared with the control group, the vir-
tual reality group showed significant (p < 0.05) ad-
vantages in relief of headaches, and active cervical 
range of motion in flexion and extension. Com pared 
with the sensorimotor group, the virtual reality  
group showed significant improvements in cervical 
extension.
Conclusion: Virtual reality-based sensorimotor train-
ing may increase the effects of a standard rehabi-
litation programme for patients with non-traumatic 
chronic neck pain, especially active cervical range of 
motion in extension.

Key words: neck pain; rehabilitation; virtual reality; kinema­
tics. 
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Neck pain is a widespread problem; 60–80% of 
individuals develop neck pain during their life­

time, with 30–50% of the general population reporting 
neck pain annually (1–3). Many patients experience 
neck pain as a complex biopsychosocial disorder, with 
problematic physical and psychological symptoms (3), 

such as reduced cervical range of motion, headaches, 
lack of concentration, emotional and cognitive disorders 
(4, 5). Aside from the decreased quality of life, these 
complaints are a major cause of inability to work (6, 7) 
and lead to considerable economic damage (8). Hence, 
the demand for an effective treatment is indisputable.

According to a recently published review (9), the 
strongest treatment effects for neck pain are those 
associated with exercise. However, the evidence for 
this claim is only of moderate quality. Since there is 
no data available at present to show that any one form 
of exercise is evidentially more effective than another, 
multimodal care is concordantly recommended by 
leading experts (3, 9). 

Sensorimotor training methods are a current trend 
in exercise therapy, and for the first time they take into 
account the special function of the neck, by including 
connections between the perceptions of sensory organs 
located in the head and neck muscles (10–14). Alter­
ations of sensorimotor control have been identified in 
many patients with neck pain, and are thought to play 
an important role in the aetiology and maintenance of 
associated disorders (14, 15).

To date, there are only a few sensorimotor training 
concepts that have been specially developed for the 
neck region. Initial studies found that patients under­

http://crossmark.crossref.org/dialog/?doi=10.2340/16501977-2786&domain=pdf
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going these training methods experienced reduced 
neck pain, as well as improvements in cervical range 
of motion, self­reported disability, and general health 
(11, 13, 14, 16). However, a systematic review from 
2014 (17) revealed very little evidence for eye­neck co­
ordination and proprioceptive exercises. Furthermore, 
a randomized controlled trial (RCT) found that neck 
coordination exercises did not produce a larger effect 
than strength training and massages (18).

Application of a virtual reality (VR) device is a 
novel and promising option for training cervical kine­
matics (10, 12, 19). In theory, this technique provides 
several advantages: distracting attention and therefore 
reducing pain and kinesiophobia (20, 21), engaging 
and motivating physical activities, and improving the 
effectiveness of exercise (22, 23). 

To date, only one RCT has compared the effects 
of VR­based training with conventional kinematic 
training using laser beams in patients with chronic 
neck pain (12). The VR group exhibited significant 
improvements in motion velocity, pain intensity, health 
status, and accuracy of neck motion. 

Due to the conflicting evidence and lack of research, 
there is a need for more studies that consider the ef­
fectiveness of VR­based sensorimotor training con­
cepts, especially in combination with other effective 
therapeutic exercises or as part of individually tailored 
programmes (12).

The aim of this study was therefore to evaluate the 
effects of neck-specific sensorimotor training using a 
VR device, in comparison with standard rehabilitation 
programmes, both with and without general sensorimotor 
training, in patients with non­traumatic chronic neck pain.

METHODS

Participants 

A total of 55 patients who underwent inpatient rehabilitation at 
the Federseeklinik Bad Buchau (Germany) due to experiencing 
non­traumatic chronic neck pain (more than 3 months) were 
recruited between February 2014 and March 2017. Diagnoses 
were primarily made by patients’ general practitioners, and con­
firmed by the physician in charge at the rehabilitation hospital. 
Further inclusion criteria were such that the patients must be 
adults aged 18 years or more, and have taken no pain medication 
or muscle relaxants for 24 h before the tests. Exclusion criteria 
were: traumatic neck pain, neck pain originating from whiplash, 
cervical fracture/dislocation, operations in the cervical spine 
area, damage to the inner ear, vertebrobasilar insufficiency, 
basic neurological diseases, range of motion of the cervical 
spine < 10° in flexion, extension, and/or rotation. 

The subjects were divided randomly into 3 groups: a control 
group (CG), a sensorimotor group (SMG), and a VR group 
(VRG). Randomization of subjects was carried out in blocks 
(block-size 15), and stratified by sex. The randomization scheme 
was generated using the software “Randomization.com” (http://
www.randomization.com).

The study was approved by the ethics committee of the  
University of Ulm (registration number 317/13), and was 
conducted in accordance with the Declaration of Helsinki. All 
patients provided written informed consent prior to study entry.

Sample size estimation and blinding

As there is no dependable data to date, the choice of sample 
size based on clinical experience and feasibility. A sample size 
of 15–20 patients per group was considered, at very least, to 
show tendencies concerning therapeutic effects.

Due to the nature of the intervention, blinding was not  
possible for the patient or the therapist.

Intervention

Between the start (pre­intervention) and end of rehabilitation (post­
intervention), there was a period of approximately 3 weeks, during 
which the inpatient interventions described below took place.

The CG underwent a “standard rehabilitation programme”, 
including a combination of individual and group therapies in­
structed by physiotherapists and certified sports scientists. In 
detail, the programme comprised different forms of general and 
neck-specific exercise therapy, such as strengthening, mobiliza­
tion, relaxation, medical training therapy, functional gymnastics, 
aqua therapy, physical therapy, and traditional “back school”. 
The adaptation of exercises was up to the individual therapist 
and their clinical expertise. Patients also received special 
lectures from orthopaedists and psychologists, who provided 
information about chronic pain, along with therapeutic goals, 
and an emphasis on the importance of being proactive.

The SMG received the “standard rehabilitation programme” 
plus a total of 120 min of “general sensorimotor training”. This 
training took place over 4 30­min group therapy sessions, and was 
instructed by a physiotherapist or a certified sports scientist. The 
objective was training and improvement in patients’ coordination 
through skill exercises (e.g. passing an obstacle course, dribbling, 
rope skipping, tossing balls through rings), balance exercises (e.g. 
standing with eyes closed, single­leg stance, slacklining), small 
game forms (e.g. juggling, curling, throwing and catching), and 
partner games, such as badminton or table tennis.

In addition to the “standard rehabilitation programme”,  
patients in the VRG completed a total of 120 min of “neck-specific 
sensorimotor training” (NSST) using a VR device in individual 
therapy. Due to the required concentration, the training was 
divided into 6 20­min sessions. The training was instructed by 
a scientific assistant with a basic education in physiotherapy. 

The NSST was executed using a modified VR system (Fraunhofer- 
Institut für Graphische Datenverarbeitung, Darmstadt, Germany) 
based on that described by Kramer et al. (19), as follows. In the 
upright sitting position, the patient wore a helmet (Schutzhelm 
uvex pheos alpine. Fürth, Germany) with an integrated monitor 
(virtual reality head­mounted display 5DT HMD 800­26 2D,  
League City, Texas, USA). A globe was shown, moving in a 
virtual space on predetermined trajectories, on the monitor (Figs 
1–3). The patient was asked to follow by moving the head the 
orbital pathways of the globe. The patient had to try to track the 
virtual globe as closely as possible with a white circle, whose 
position in the virtual scene corresponded to their head position. 
A fixed eye position was maintained due to the short distance 
between the patient’s eyes and the monitor in the helmet, so this 
task could only be accomplished with head movements.

A 3Space Fastrak System (Polhemus Inc., Colchester, VT, 
USA) was used for head­movement tracking. The sensors of 
the tracking system were attached to the test helmet. 

www.medicaljournals.se/jrm
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Before each training session, the current maximum active 
cervical range of motion (ACROM) of the patient was deter­
mined in a total of 8 directions: flexion, extension, right and 
left rotation, and the diagonals in between. The current maxi­
mum ACROM was registered using 3Space Fastrak in order to  
calibrate the system (external black octagon in Figs 1–3).

In every NSST session, the VRG patients underwent each of 
the following tasks twice: the Head Repositioning Test (HRT) 
(Fig. 2A) on the basis of Revel et al. (24), the Head to Target 
Test (HTT) (Fig. 2B) on the basis of Loudon et al. (25) and 
Kramer et al. (19), and a dynamic exercise including 5 different 
trajectories (Fig. 3A–E) on the basis of Kramer et al. (19).

Rest breaks of approximately 3 min were given between tasks, 
and extended if any side­effect (e.g. motion sickness, nausea, or 
headaches) was reported. Patients only continued if side­effects 
subsided, otherwise they would stop the training session. 

Head Repositioning Test and Head to Target Test. The subject 
started in an upright seated position, with their head in a neutral 
position, which the subject was asked to memorize (required 
position HRT) (Fig. 2A). The globe then led the subject’s head 
to a specific position in 1 of the 8 directions (required position 
HTT) (Fig. 2B), and disappeared. After that, the subject was 
asked to first find the neutral position again without visual guid-
ance (actual position HRT), and then the specific end position 
(actual position HTT).

Dynamic exercise. In this exercise, globes travelled along trajec­
tory A–E, one after another, and the subject had to follow them 
in the virtual scene by moving their head precisely (Fig. 3A–E).

In order to achieve the best possible effects, the NSST was 
adapted to the participants, and successively increased in level 
of difficulty. Therefore, every training unit was different in terms 

of the underlying ranges of motion and 
speeds: the boundaries for the globe’s 
trajectories varied from 30% to 90% 
(inner grey octagon in Figs 1–3) of the 
current individual maximum ACROM 
(external black octagon in Figs 1–3).The 
speed of travel of the globe increased 
from 5 s (very slow) to 3 s (very fast) 
per trajectory.

Outcome measures 

A 0–10 numerical rating scale (NRS) was used to investigate the 
mean pain intensity during the last week. Higher scores indicate 
greater intensity. The NRS is a well­evaluated, reliable and valid 
tool to measure pain (26). The following pain categories were 
evaluated: neck pain at rest, neck pain during motion, headache 
at rest, headache during motion.

For patients with neck pain, the NRS exhibits a minimal de­
tectable change (MDC) value of 2.1, and a minimum clinically 
important difference (MCID) value of 1.3 (27). 

ACROM was determined using the VR device twice at both 
measuring points, and represented as angles (in degrees). Mean 
values were calculated for further data analysis. The following 
movement directions were evaluated: flexion, extension, left rota­
tion, and right rotation. Thus far, there are no data on MCID (5). 

The Neck Disability Index (NDI) (28), a questionnaire with 
10 items, was used to examine self­reported disability associated 
with neck pain. Each section was scored on a 0–5 rating scale. 
Higher scores (maximum 50) indicate greater disability. The 
NDI was shown to demonstrate good validity and reliability (29). 
Changes should exceed the MDC of 8.4 points, or at a minimum 
the MCID of 3.5 points’ cut­off to be considered relevant (30).

All outcome measures were collected pre­ and post­ 
intervention for each patient in each group. A non­blinded 
scientific assistant (the same as instructed the NSST) handed 
out the assessments (NRS and NDI) to the patients, and as­
ked them to complete them autonomously. In order to avoid 
assessor­caused bias, explanations regarding how to deal with 
the assessments were provided in writing on the corresponding 
questionnaires. 

Statistical analysis 

All statistical analyses were performed using the statistical pro­
gramme “R” (31). The Shapiro–Wilk test was used to check the 
normality of the outcome variables. Parametric statistics were 
used as the majority of variables were found to be normally 

Fig. 1. Active cervical range of motion. Corner 
points of the external black octagon: represent 
the patients’ current maximum active cervical 
range of motion (ACROM) in a total of 8 
directions: flexion, extension, right and left 
rotation and the diagonals in between; internal 
grey octagon, respectively, inner rim of the 
yellow area: calculation basis for training units 
varying between 30% and 90% of the ACROM.

Fig. 2. (A) Head Repositioning Test; (B) Head To 
Target Test. External black octagon: corresponds 
to the patients’ current maximum active cervical 
range of motion (ACROM); Internal grey octagon: 
calculation basis for training units varying between 
30% and 90% of the ACROM; green line: target 
specification by software (globe); red line: Actual 
curve performed by the patient (white circle in the 
virtual scene) using head movements. Black arrow: 
required target direction respectively target position 
(arrowhead) as an example for Head Repositioning 
Test, respectively, Head To Target Test.

J Rehabil Med 53, 2021
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distributed. Descriptive statistics are presented as means with 
standard deviations (SD). Within­group differences between 
pre­ and post­intervention were evaluated using a paired 2­tailed 
t-test. The significance level was set at p < 0.05.

Due to the exploratory nature of this pilot, no adjustments 
(concerning the significance level of the p­value) were made 
for multiple tests, in order to maintain sensitivity to potentially 
interesting effects, even at the risk of increased Type I error.

Basic treatment effects between the 3 groups were examined 
using a 1­way analysis of variance (ANOVA) for each para meter, 
based on the score differences post­intervention minus pre­
intervention. For post hoc tests, the Tukey­Kramer test was used. 

To demonstrate the estimated effect sizes of observed 
between­group changes and its precision, Cohen’s d and its 
95% confidence interval (95% CI) was calculated (32). It 
was interpreted as suggested by Cohen, with d ≥ 0.2 indicat-
ing small effect size, 0.5 medium, and d ≥ 0.8 large effect 
size (33). 

RESULTS

General characteristics of the subjects
A total of 55 patients with non­traumatic chronic neck 
pain were enrolled in the study. 20 were assigned to 
the CG, 18 to the SMG, and 17 to the VRG. Four 
patients had to be excluded from the analysis due to 
organizational deviations from the treatment planning 
set out in the study plan. Therefore, only the data for 

the final 51 patients were analysed. The flow diagram 
for participants in the study is shown in Fig. 4. 

The patients’ baseline characteristics are shown in 
Table I. The distribution of age, sex, and family status 
was similar in all 3 groups. 

In addition to neck pain, most patients experienced 
headaches. The pre­intervention prevalence of head­
ache at rest (at least 1 on NRS) was 67% in the CG, 
88% in the SMG, and 82% in the VRG. The pre­

Fig. 3. (A–E) Dynamic exercise; trajectories 
A–E. External black octagon: corresponds to 
the patients’ current maximum active cervical 
range of motion (ACROM); internal grey octagon: 
Calculation basis for training units varying between 
30% and 90% of the current ACROM; green line: 
target specification by software (globe in the 
virtual scene); red line: Actual curve performed 
by the patient (white circle in the virtual scene) 
using head movements.

Table I. Baseline characteristics by group

Characteristic
CG 
(n = 18)

SMG 
(n = 16)

VRG 
(n = 17)

Age, year, mean (SD) 49.8 (8.1) 53.1 (5.7) 51.2 (8.8)
Number of women, n (%) 12 (66) 11 (69) 9 (53)
Family status, n (%)
  Single 3 (17) 4 (25) 1 (6)
  Married 11 (61) 10 (63) 9 (53)
  Divorced 2 (11) 1 (6) 4 (24)
  Widowed 1 (6) 0 (0) 1 (6)
  Unknown 1 (6) 1 (6) 2 (12)
NDI (0–50), mean (SD) 18.2 (6.7) 21.5 (6.4) 18.7 (5.2)
Mean pain intensity during the last week on NRS (0–10)
  Neck pain at rest, mean (SD) 4.2 (2.6) 4.4 (3.1) 4.9 (2.1)
  Neck pain during motion, mean (SD) 5.3 (2.2) 4.6 (2.6) 5.3 (2.6)
Headache at rest, mean (SD) 2.7 (2.4) 4.8 (2.9) 3.8 (3.0)
Headache during motion, mean (SD) 2.7 (2.9) 3.8 (3.3) 4.7 (3.4)

CG: control group; SMG: sensorimotor group; VRG: virtual reality group; NDI: 
Neck Disability Index; NRS: numerical rating scale; SD: standard deviation.

www.medicaljournals.se/jrm
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intervention prevalence of headache during motion was 
56% in the CG, 69% in the SMG, and 88% in the VRG.

The mean intensity of headache was slightly higher 
in the SMG and VRG than in the CG, and the mean 
NDI was comparatively high in the SMG (Table I). 
There were no major differences in any other para­
meters between the groups.

Side-effects
Besides the weight of the helmet, which some patients 
found unpleasant, no other negative side­effects were 
reported regarding the VR device or in general. There­
fore, all patients (not including the 4 who discontinued 
participation) could complete the measurements requir­
ed for the training, as planned.

Pain
The rehabilitation led to a clinically relevant relief of 
neck pain and headaches for most patients (Table II, Fig. 
5A–D). Within­group analysis showed a statistically 
significant improvement in the VRG across all pain 
categories. For the SMG, significant improvements were 
seen in reducing headaches while at rest. The CG saw 

significantly reduced neck pain during motion. Between-
group analysis showed that the VRG improved signifi­
cantly more than the CG in reducing headaches at rest 
(VRG vs CG p = 0.008) and headaches during motion  
(VRG vs CG p = 0.023), each with large effect sizes. 

Active cervical range of motion 
The VRG improved in each movement direction (Table 
II, Fig. 5E–H). For flexion, extension, and left rotation, 
the improvements were statistically significant. For in­
crease in flexion and extension, the differences between 
groups were statistically significant (flexion: VRG vs 
CG p = 0.041, extension: VRG vs CG p = 0.007; VRG 
vs SMG p = 0.031), with medium­to­large size effects 
in favour of the VRG.

Neck Disability Index 
The improvements in self­reported disability were both 
statistically significant and clinically relevant in all 3 
groups. The mean changes in NDI scores achieved 
were all above the MCID of 3.5 points, with the SMG 
and VRG showing clearer improvements than the CG 
(Table II, Fig. 5I).

 

Allocated to VRG (n= 17) 

•  Received allocated 
intervention  
(n= 17) 

•  Did not receive 
allocated intervention 
(n= 0)   

 

 

Allocated to SMG (n= 18) 

•  Received allocated 
intervention (n= 16) 

•  Did not receive 
allocated intervention 
(reason: due to 
mistakes in 
organisation) (n= 2)   

 

Allocated to CG (n= 20) 

•  Received allocated 
intervention (n= 18) 

•  Did not receive 
allocated intervention 
(reason: due to 
mistakes in 
organisation) (n= 2)   

Assessed (n=17) Assessed (n= 16) Assessed (n= 18) 

 

Analysed (n=17) 

 

Analysed (n=16) 

 

Analysed (n=18) 

Assessed for 

eligibility (n=55) 

Enrolment 

Excluded (n=0) 

Randomised n=(55) 

Allocation 

Post-Intervention 

Analysis 

Fig. 4. Flow diagram of study participants. CG: control group; SMG: sensorimotor group; VRG: virtual reality group.

J Rehabil Med 53, 2021
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DISCUSSION

This pilot study is the first to evaluate the effects of 
neck-specific sensorimotor training using a VR device in 
combination with a standard rehabilitation programme, in 
direct comparison with the same standard rehabilitation 
programme both with and without general sensorimotor 
training in patients with non­traumatic chronic neck pain.

Overall, the results show that patients in the VRG 
underwent significant improvements in their neck pain, 
headaches, ACROM in flexion, extension, and left ro­
tation, as well as in self­reported disability. Compared 
with the CG, the between­group analysis revealed that 
the additional VR training had greater effects in improv­
ing headaches, and ACROM in flexion and extension. 
The only statistically significant difference relevant to 
the SMG was a between­group comparison showing a 
marked improvement in cervical extension in the VRG.

Considered in detail, the relief of neck pain during 
motion was almost equal in all 3 groups. Regarding 
neck pain at rest, the VRG was the only group that 
showed a statistically significant improvement, even 
though between­group analyses found no statistically 
significant advantage compared with the other groups.

More conspicuous were the different reductions in 
headaches. In the VRG these reductions were stat­
istically significant, and the differences in the mean 
values clearly constitute a clinically significant change, 
as they exceeded both MCID (1.3) and MDC (2.1). 
Moreover, between­group analysis revealed that these 
improvements were significantly higher than those in 
the CG, and the corresponding size effects were large. 

Aside from the fact that the prevalence and the 
base line values for pain variables were partly higher 
in the VRG, which might be a determining factor in ex­

plaining the greater improvements, the present results 
appear to suggest that additional sensorimotor training 
using a VR device might reduce pain more effective­
ly than a pure standard rehabilitation programme in  
patients with non­traumatic chronic neck pain.

These findings are in accordance with previous 
research. Several studies have shown that exercises 
based both on eye­head coordination (13, 16) and neck 
coordination that aimed to improve patients’ sense of 
their cervical position lead to a reduction in neck pain 
in cervicalgic patients (11, 13, 14). Training using 
VR techniques decreased pain more effectively than 
the same training using a laser pointer attached to the 
participant’s head (10, 12).

Sarig Bahat et al. (10, 12) consider that, due to cervical 
kinematic training directing impairments such as reduced 
movement range, accuracy, velocity, and smoothness, fine 
motor control and coordination are improved. 

According to Panjabi (34) and Jull et al. (14), im­
proved coordination between the deep and super ficial 
cervical muscles may lead to better support of the 
cervical segments, and could decrease the stress on 
cervical structures, which, in turn, could reduce neck 
pain. Furthermore, Sarig Bahat et al. (10) consider that 
(VR­based) kinematic training might enhance neural 
connections between the eyes, neck, and vestibular 
systems. Assuming that cervicogenic headache might be 
related to a disturbed cervicocephalic reflex system (15), 
an appropriate reorganization, potentially caused by VR­
based training, might explain the significant reduction in 
headaches within the VRG in the current study.

In addition to pain, the current study investigated 
changes in the ACROM, and found that the best im­
provements were achieved in the VRG. Flexion and 
extension increased by approximately 20–25%, which 

Table II. Within- and between-group differences in outcome measures pre- to post-intervention for the 3 groups

Outcome 
measures

Pre­ intervention Post­intervention Cohen’s d (95% CI)a

CG
(n = 18) 
Mean (SD)

SMG 
(n = 16)
Mean (SD)

VRG 
(n = 17)
Mean (SD)

CG 
(n = 18)
Mean (SD)

SMG
(n = 16)
Mean (SD)

VRG
(n = 17)
Mean (SD) VRG vs CG SMG vs CG VRG vs SMG 

Pain (numerical rating scale)
Neck pain at 
rest

4.2 (2.6) 4.4 (3.1) 4.9 (2.1) 3.2 (3.0) 2.9 (2.2) 2.2 (1.2)** 0.61 (–0.05 to 1.3) 0.19 (–0.50 to 0.86) 0.45 (–0.24 to 1.15)

Neck pain 
during motion

5.3 (2.2) 4.6 (2.6) 5.3 (2.6) 3.5 (2.2)* 3.1 (2.3) 3.7 (2.0)* –0.07 (–0.73 to 0.60) –0.10 (–0.77 to 0.59) 0.03 (–0.65 to 0.72)

Headache at 
rest

2.7 (2.4) 4.8 (2.9) 3.8 (3.0) 2.0 (2.1) 2.8 (3.1)** 0.4 (0.7)** 1.00** (0.30 to 1.71) 0.54 (–0.15 to 1.12) 0.53 (–0.16 to 1.23)

Headache 
during motion

2.7 (2.9) 3.8 (3.3) 4.7 (3.4) 2.3 (2.6) 2.6 (3.0) 1.1 (1.2)** 0.90* (0.20 to 1.59) 0.23 (–0.45 to 0.90) 0.74 (0.03 to 1.44)

Active cervical range of motion (degrees)
Flexion 45.8 (12.9) 38.9 (12.2) 40.9 (14.6) 42.9 (12.6) 37.9 (14.8) 48.5 (13.3)* –0.81* (–1.50 to –0.12) –0.17 (–0.85 to 0.50) –0.66 (–1.36 to 0.04)
Extension 43.1 (13.3) 39.1 (12.7) 35.4 (12.8) 39.8 (14.7) 37.7 (15.1) 44.6 (12.9)** –1.21** (–1.93 to –0.49) –0.14 (–0.82 to 0.53) –0.91* (–1.62 to –0.19)
Left rotation 59.3 (10.1) 51.7 (17.9) 57.4 (12.7) 59.9 (9.3) 55.8 (15.5) 65.2 (16.9)* –0.65 (–1.33 to 0.03) –0.35 (–1.03 to 0.33) –0.30 (–0.99 to 0.39)
Right rotation 61.8 (15.3) 54.6 (13.7) 55.6 (10.4) 64.0 (0.2) 58.6 (13.4) 59.5 (14.0) –0.13 (–0.79 to 0.54) –0.15 (–0.82 to 0.53) 0.01 (–0.67 to 0.69)

Neck Disability Index (NDI)
NDI 18.2 (6.7) 21.5 (6.4) 18.7 (5.2) 13.7 (7.0)** 13.7 (7.9)** 11.4 (7.5)** 0.41 (–0.26 to 1.08) 0.62 (–0.07 to 1.31) –0.08 (–0.76 to 0.61)

*p < 0.05, **p < 0.01: Paired 2­tailed t-test results marked beside post-intervention values; ANOVA analysis with post hoc Tukey­Kramer test results marked 
besides the Cohen’s d. aCalculated for the differences post- minus pre- intervention.CG: control group; SMG: sensorimotor group; VRG: virtual reality group; SD: 
standard deviation; 95% CI: 95% confidence interval.

www.medicaljournals.se/jrm
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is a clinically significant change that would probably 
make a difference in everyday activities for patients. Im­
provements in rotation were smaller, possibly due to the 
near­normative baseline values (5) and ceiling effects.

Sarig Bahat et al. (10) also found that kinematic 
training both with and without an interactive VR device 
increased ACROM, with some advantages in the VRG, 
especially in flexion and extension. 

Besides the VR technique, which is known to en­
hance baseline ACROM (35), another explanation 
might be the procedure used for VR­based training 
in the current study. The explicit request for subjects 
to reach the maximum end of motion and their active 

involvement encouraged patients to push themselves to 
their limits in each training session. Each subsequent 
training session was undertaken within the regained 
motion range, and thus represents an optimum stim­
ulus for the increased motion. Such, probably crucial, 
individual and regular adjustment of the training para­
meters is rarely seen in other applications of standard 
rehabilitation methods. 

The combination of improved pain and ACROM 
might have contributed to the reduction in self­reported 
disability in the present study’s population. This hypo­
thesis is supported by the detected changes of the NDI 
scores, which indicate that sensorimotor training in the 

Fig. 5. (A–I) Differences post- minus pre-intervention in outcome measures for each group. Dot: Mean; whisker: SD. CG: control group; SMG: 
sensorimotor group; VRG: virtual reality group; NRS: numerical rating scale; ACROM: active cervical range of motion; NDI: Neck Disability Index.

J Rehabil Med 53, 2021
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Study limitations
This study has a number of limitations. Firstly, there 
was a potential risk of bias. Despite the fact that patients 
were asked to complete the questionnaires (NRS and 
NDI) autonomously, and the ACROM was (objectively) 
measured via the 3Space Fastrak System, an assessor­
caused risk of bias cannot be ruled out, as the assessor 
was not blinded.

Secondly, the small sample size could be problema­
tic. Although the within­group changes indicate that 
patients in the VRG benefited most from the treatment, 
a statistically significant superiority of method could 
only partly be confirmed by between-group analysis, 
which might be due to the small sample size. 

Thirdly, due to lack of long­term follow­up there is 
a possibility that the results may have only been short­
lived. Originally, it was planned to perform a follow­up 
after 6 months, but due to a low response rate (<30%) 
it was not possible to carry out a useful data analysis. 

Despite these constraints, the results of this pilot 
study provide important data on how to calculate the 
number of cases to include in follow­up studies. 

Conclusion

This study shows that, for patients with non­traumatic 
chronic neck pain, the application of a VR­based 
neck-specific sensorimotor training within a common 
standard rehabilitation programme is both feasible 
and reasonable. The results suggest that patients in the 
VRG improved in terms of their neck pain, headaches, 
ACROM in flexion, extension, and left rotation, as 
well as in self-reported disability. Specific between-
group differences implied potential advantages of 
the VR training concerning headaches and ACROM 
in flexion and extension, compared with the CG, and 
concerning enhanced cervical extension compared 
with the SMG.

Although the results of this pilot study largely agree 
with those of previous research, follow­up studies 
are needed to validate the effects in a larger cohort 
of patients with neck pain of both non­traumatic and 
traumatic origins. Moreover, future studies should 
use lightweight glasses for the application of VR, and 
should explore the potential effects of VR concerning 
kinesiophobia.
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SMG and VRG increased the effects of the pure standard 
rehabilitation concerning activities of daily living.

This is also in agreement with previous findings.  
Studies including patients with chronic neck pain, of both 
idiopathic and traumatic origin, demonstrate the effective­
ness of neck-specific sensorimotor exercises on neck 
disability (11, 14). Again, VR­based regimes seem to be 
more effective than training using laser pointers (10, 12).

As the findings of this pilot study largely agree with 
previous findings, the results may be translated to  
patients with non­traumatic chronic neck pain in general, 
although further research is necessary to confirm these 
effects. The training could also be a good option for 
patients with whiplash­associated disorders (WAD). 
These patients are often more challenging to treat than 
patients with non­traumatic neck pain. The assumption 
that this is due to differences in physical impairment 
(6) is arguable. Jull et al. (6) found impairment in the 
neck flexor synergy in patients with neck pain of both 
whiplash and insidious origin. While this impairment 
between the 2 groups appears to be similar (6), deficits 
in head repositioning accuracy and cervical movement 
control are known to be greater in patients with traumatic 
neck pain (16, 36–38). As the VR­based training used 
in the present study addresses both head repositioning 
accuracy (using HRT and HTT) and movement control 
(using the dynamic exercise), patients with WAD might 
benefit from such a training method even more than 
patients with non­traumatic neck pain. 

The study design made it possible to investigate 
the supposed benefit of a new and promising exercise 
methodology, namely the VR device, within a com­
mon standard rehabilitation setting in patients with 
non­traumatic chronic neck pain.

The application of VR in rehabilitation therapy  
offers new possibilities. In addition to the neck-specific 
sensorimotor training, which appears to improve fine 
motor control as well as the ACROM, it distracts 
patients’ attention, and therefore also has potential to 
positively influence psychological aspects, such as 
kinesiophobia (39), which play an important role for 
chronic pain patients (40). Follow­up studies should 
consider this aspect by incorporating appropriate out­
come measures.

This study demonstrated that the VR technique can 
be integrated into the rehabilitation daily routine with 
little effort. The main challenge was in treatment plan­
ning, as can be seen from the reasons for participants 
withdrawing from this study. Negative side­effects, 
such as VR­associated sickness, which have been 
reported in other trials (10, 12) did not occur in the 
present study population. However, some patients 
complained about the weight of the helmet, and so, 
in future, lightweight glasses should be used instead. 

www.medicaljournals.se/jrm
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