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Neck Pain 

Epidemiology 

Neck pain is a common musculoskeletal di sorder affecting all age groups of the 

general population, and is an import ant reason for consulting general 

practitioners and physiotherapists [1–6].  The 1-year prevalence of neck pain 

ranges from 30 to 50% throughout the wo rld, with a point prevalence of about 

14% [3,4,7–9]. The prevalence of neck pain  is higher in high-income countries [7,9]. 

Neck pain, along with low back pain and shoulder pain [10], is one of the most 

prevalent musculoskeletal disorders in The Netherlands. In the general 

population, about 20% to 70% of the adults will experience neck pain at some time 

during their lives, and prevalence is high est during middle age [4,7–9,11]. Woman 

have a higher risk of neck pain [3,8]. Over  the last 10 years, the global prevalence 

of neck pain of more than 3 months du ration has increased by 21%, and it is 

expected that, with people living longer [3,12], incidence will increase even further 

over the coming decades.  

A substantial part of people with neck pain develops chronic pain and disability 

[13–15]. Compared to other global diseases, neck pain is one of the leading causes 

of disability around the world [15–17], an d low back and neck pain combined is 

the first primary cause of disability [15,18]. Years lived with disability caused by 

neck pain increased by 21% over the last 10 years [12,15]. Neck pain is also a 

disabling condition in workers, and the economic burden due to neck pain is high. 

It represents one of the most costly condit ions in industrialized countries, with 

medical, rehabilitation and lost productivi ty costs all running high [6,19,20].  

Neck pain is the most commonly presen ting musculoskeletal disorder in 

physiotherapy practice in The Netherlands [5]. Individuals with neck pain make up 

approximately 9.5% of people receiving primary care physiotherapy [5]. Given the 

growing impact of neck pain and the adver se effects on quality of life and ability 

to work as well as the social economic  burden that comes with it, it is 

recommended that neck pain should be one of the priorities for research on 

prevention and therapy [12] .  

 

Definition 

Neck pain can be defined as “an unpl easant sensory and emotional experience, 

associated with actual or potential tissue  damage in the neck region, which starts 

at the superior nuchal line and continues down to the level of the scapular spine” 

[21–23]. Neck pain is a subjective, personal experience [22]. The pain can originate 
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from anatomical structures in the cervical region, such as zygapophyseal joints, 

vertebrae, muscles, ligaments, neural struc tures, and the interv ertebral disc [24]. 

There is, however, no conclusive evidence regarding a specific underlying disease 

causing the pain. Consequently, most cases are labelled as non-specific neck pain. 

It develops gradually and the onset may be  insidious or may be brought on by 

trauma. It is a complex biopsychosocial disorder with physical and psychological 

symptoms [24,25].  

People with non-specific neck pain re present a heterogeneous population 

experiencing a variety of clinical sympto ms. The main symptoms associated with 

neck pain are: pain and stiffness in cerv ical region, restriction of the range of 

motion, lower cervical strength, propriocep tive deficits, impaired postural control, 

headache, dizziness, and radiating pain to  the occiput, nuchal muscles, shoulders 

and upper limbs [26–28]. Neck pain is also  associated with other musculoskeletal 

health problems such as low back pain and headache, poorer self-rated health, 

and different types of mental function s such as anxiety and depression [27].  This 

makes neck pain a mu ltifactorial disorder. 

The Bone and Joint Decade 2000–2010 Task Force on Neck Pain divides neck pain 

into 4 grades [22]: Grade I neck pain and associated disorders with no signs 

suggestive of major pathology and no or litt le interference with  activities of daily 

living; Grade II neck pain with no signs of  major pathology, but interference with 

daily activities; Grade III neck pain with no  signs of major pathology, but presence 

of neurologic signs of nerve compression such as decreased de ep tendon reflexes, 

weakness, or sensory deficits; Grade IV ne ck pain with signs of major structural 

pathology. 

 

Traumatic neck pain 

Traumatic neck pain, often referred to as Whiplash-associated Disorders, is the 

term given to the variety of symptoms affecting the neck, that are triggered by an 

accident with an acceleration–deceleration mechanism such as a car accident [29]. 

Whiplash can be defined as “an accelera tion–deceleration mechanism of energy 

transfer to the neck. It may be the result of rear-end or side-impact motor vehicle 

collisions, but can also occur during di ving or other mishaps. The impact may 

result in bony or soft-tissue injuries (whipl ash-injury), which in turn may lead to a 

variety of clinical manifestations called  Whiplash-Associated Disorders” [29]. 

Traumatic neck pain is associated with a wider range of symptoms as compared 

to nontraumatic neck pain, includ ing paresthesia/anesthesia in the upper 



568453-L-bw-Stenneberg568453-L-bw-Stenneberg568453-L-bw-Stenneberg568453-L-bw-Stenneberg
Processed on: 20-10-2021Processed on: 20-10-2021Processed on: 20-10-2021Processed on: 20-10-2021 PDF page: 13PDF page: 13PDF page: 13PDF page: 13

GENERAL INTRODUCTION 

13 

quadrant, visual and auditory disturbance s, sleeping problems, and cognitive and 

emotional problems [27,28]. 

People with traumatic neck pain are regard ed as a subgroup of non-specific neck 

pain [29–32]. However, it is unclear as to whether this distinction is relevant as 

some studies found no clinically relevant  differences between the two neck pain 

conditions [33–35]. Contrary, others stud ies demonstrated statistically significant 

higher levels of pain, impairments, disability and psychological distress, and 

poorer prognosis in people with trauma tic neck pain when compared to people 

with nontraumatic neck pain [36–40].  

For traumatic neck pain, th e most used classification system is the classification 

system proposed by the Quebec Task Fo rce on Whiplash Associated Disorders 

[29]. This widely used classification sy stem categorizes neck pain which occurs 

after a traffic collision based on the severit y of signs and symptoms, into grades 0 

to 4: Grade 0 WAD with no complaint abou t neck pain, no physical sign(s); Grade 

1 WAD with neck pain, stiffness, or tender ness, with no physical sign(s); Grade 2 

WAD with neck pain, stiffness, or tender ness with musculoskeletal sign(s); Grade 

3 WAD with neck pain, stiffness, or tender ness with neurologic signs; Grade 4 WAD 

with neck fracture or dislocation. 

It is suggested that different mechanisms  may underlie nontraumatic neck pain 

and traumatic neck pain and it is en couraged to distinguish between them 

including different classification systems and clinical management [30,31]. 

However, there is a lack of high-quality evidence to determine whether people 

with nontraumatic neck pain and with tr aumatic neck pain are indeed all that 

different in terms of type and severity of impairments, disability, and psychological 

factors. This information is important for clinical management, practice guidelines 

and research. Should we di stinguish subgroups, provide specific diagnostic and/or 

treatment recommendations? Or can we treat these patients as a homogeneous 

group and allow statistical pool ing in systematic reviews?  

 

Risk factors 

There are several risk factors associated with the onset of neck pain. Most strong 

and consistent risk factors for developing neck pain include a previous history of 

neck complaints or trauma, low back pain, poor psycho logical health and being 

female [4,41,42]. There is limited evidenc e that old(er) age, high physically 

demanding jobs, low social/ work suppor t, and smoking constitute higher risks 

[4,41,42]. 
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Clinical course and prognosis 

The clinical course of neck pain is gene rally poor [13]. About 30% of people with 

neck pain will develop chronic sympto ms, and 50% to 85% of all people who 

experience neck pain at some initial point, will report neck pain 1 to 5 years later 

[14,43]. Because of this, a complete reso lution of symptoms is less common as 

neck pain follows a “recurrent” or “epi sodic” course marked by remissions and 

exacerbations [7,14,44]. A stu dy performed in general practice in The Netherlands 

showed that at one year, 76% of the patients felt fully recovered or much 

improved, even though 47% still reported ne ck pain [45]. About 45% of people with 

neck pain show a prompt decrease in pain and disability in the first 6.5 weeks, but 

show limited improvement after that [46].  

In people with traumatic neck pain , pain and disability mainly reduce  in the initial 

three 3 months following the accident , and approximately 50% continues to 

experience symptoms 1 year  after the onset [44,47]. 

In people with neck pain the course of pain  and disability is individual and variable. 

Poor health, prior neck pain or other musculoskeletal disorders, poor 

psychological health, worrying, and pass ive coping are associated with poor 

prognosis [13,14]. In people with traumatic neck pain, high pain intensity, high self-

reported disability, high posttraumatic  stress symptoms, strong catastrophic 

beliefs, and cold hyperalg esia are associated with poor recovery [13]. However, 

the level of certainty of these reported prognostic factors is low to moderate.  

 

Physiotherapy assessment 

Clinical examination enables the physioth erapist to assemble information about 

the patient’s specific health problem in or der to set a physiotherapeutic diagnosis, 

provide a prognosis, guide treatment and measure outcome [48]. To consider all 

various aspects of the patient's health  problem, physiotherapists must select 

appropriate examination procedures as pa rt of the clinical reasoning process. 

They are expected to choose valid, reliab le and clinically applicable measurement 

instruments for specific purposes [48,49] . Clinically applicable measurement 

instruments should be inexpensive and ea sy to perform, both for patients and 

physiotherapists. Several instruments are available to measure neck-related 

impairments, disability and psychological factors [50–52]. However, although 

widely used clinically, the clinimetric properties of these instruments have often 

not been adequately evaluated. Advanced  technologies are often not available 
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within a primary care physiotherapy se tting due to high costs and limited 

applicability. Clinimetric pr operties of questionnaires u sed for assessing activity 

limitations and participation restrictions in people with traumatic neck pain, for 

example, have been studied in hetero geneous populations of people with 

nontraumatic neck pain [53,54]. Their cont ent validity in a population of people 

with traumatic neck pain ha s not been established yet, while there are indications 

that most recommended condition spec ific questionnaires have limited content 

validity [53,54]. A possible reason is that these questionnaires omit a substantial 

part of the specific limitations that these pa tients experience [55, 56]. In that case, 

these questionnaires would not be suitable to  assess the specific limitations of 

people with traumatic neck pain. 

Further, active cervical range of motion is  the most routinely collected function by 

physiotherapists. Nevertheless, very few clin ical tests for assessing active cervical 

range of motion have been eva luated in people with neck  pain. Moreover, cervical 

kinematics are complex [57–59]. Next to planar range of motion of the primary 

movements (flexion-extension, lateral be nding and rotation) being reduced in 

people with neck pain, 3-dimensional coup ling between cervical rotation, lateral 

bending, and flexion-extension  is affected as well [60, 61]. Yet, no clinically 

applicable instrument is available to evaluate these 3-dimensional coupling 

motions. 

 

The International Classification of Func tioning, Disability  and Health (ICF) 

As neck pain is considered a multifactor ial disorder, it requires insights into the 

functioning and disability of people with neck pain in clinically relevant domains 

and their interrelationship. The ICF is a classification of health and health-related 

domains that visualizes the interact ions among the various components of 

functioning and health [62,63]. It is  the most used classification system in 

physiotherapy health care, and is organized in two parts: 
 

�� Functioning and disability. This part consists of (1) body functions and 

structures, and (2) activi ties and participation. 

�� Contextual factors. This part consists of (1) environmental factors and (2) 

personal factors. 
 

Each ICF component can be expressed in both positive and negative terms. The 

framework can be used for measuring health and disability at both individual and 

population levels [62]. However, desc ribing the relationship between the 



568453-L-bw-Stenneberg568453-L-bw-Stenneberg568453-L-bw-Stenneberg568453-L-bw-Stenneberg
Processed on: 20-10-2021Processed on: 20-10-2021Processed on: 20-10-2021Processed on: 20-10-2021 PDF page: 16PDF page: 16PDF page: 16PDF page: 16

16 

individual constructs of the ICF is only possible if the measurement instruments 

used (mostly questionnaires), measur e the constructs purely, while not 

simultaneously measuring ot her constructs of health. 

 

Aims and outline of this thesis 

The general aims of this thesis were to de scribe the clinical characteristics of two 

types of neck pain presenting in primary physiotherapy care, namely 

nontraumatic neck pain and traumatic neck pain, and to develop and evaluate 

clinically applicable measurement instruments for assessing impairments and 

limitations in people with nontraumatic ne ck pain and traumatic neck pain. In this 

thesis two new conditioned measurem ent instruments are developed and 

evaluated. Subsequently, the cl inical characteristics – in  terms of type and severity 

of pain, impairments, disability, and ment al factors – and comp lexity of these types 

of neck pain are presented and discussed. 

As active cervical range of motion is th e most frequently assessed impairment by 

physiotherapists, we conducted a large meta-analysis to quantify differences in 

active cervical range of motion between pe ople with neck pain and those without 

neck pain, in people with nontraumatic ne ck pain and traumatic neck pain, and in 

people with acute symptoms versus those with chronic symptoms ( Chapter 2 ). 

Chapter 3  reports the development of a condition-specific self-assessment 

questionnaire for people with traumatic neck pain that measures activity 

limitations and participation restrictions , as defined by the ICF framework. In 

chapter 4 , the measurement properties of this  questionnaire in a population of 

people with sub-acute and chronic tr aumatic neck pain are described. Chapter 5  

describes the concurrent va lidity and interrater reliability of a new iPhone 

application for assessing planar active cerv ical range of motion and associated 3D 

coupling motions in people with neck pain, using an electromagnetic tracking 

device as a reference test. Increased know ledge about the amount of variation in 

measurements of active cervical range of mo tion within days and between days is 

important to interpret active cervical range of motion measurements in both 

clinical practice and re search. Therefore, in chapter 6 , the intraday and interday 

variability, and systematic change o ver the day of aCROM measurements in 

asymptomatic people is determined, using a clinically applicable iPhone 

application. Subsequently, chapter 7  presents the clinical characteristics between 

people with nontraumatic neck pain, peop le with traumatic neck pain, and pain-

free individuals in primary physiotherapy care. In chapter 8,  differences in 
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strength of associations between pain, ph ysical and psychological impairments on 

the one hand and disability on the othe r, are compared between people with 

nontraumatic neck pain and people with traumatic neck pain. Moreover, 

interactions between pain and physical an d psychological factors contributing to 

disability are explored in people with nontraumatic neck pain and people with 

traumatic neck pain, giving insights into the complexity of these types of neck pain. 

Finally, in chapter 9 , we review the main findings of this thesis, discuss the 

implications for practice and research, an d present directions for future research.  
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ABSTRACT 
  

Objectives  

To quantify differences in active cervic al range of motion (aCROM) between 

patients with neck pain and those withou t neck pain, in patients with whiplash-

associated disorders (WADs) and nontraum atic neck pain, and in patients with 

acute complaints versus those with chronic complaints. 

Data Sources 

Seven bibliographic databases were searc hed from inception to April 2015. In 

addition, a manual search was performed. 

Study Selection 

Full articles on a numerical comparison of aCROM in patients with neck pain and 

asymptomatic control persons of similar ages were included. Two reviewers 

independently selected studies and assessed risk of bias. 

Data Extraction 

Two reviewers extracted the data. Pooled mean differences of aCROM were 

calculated using a random-effects model. 

Data Synthesis 

The search yielded 6261 hits; 27 articles (2 366 participants, 13 low risk of bias) met 

the inclusion criteria. The neck pain gr oup showed less aCROM in all movement 

directions compared with persons without neck pain. Mean differences ranged 

from -7.04° (95% CI, -9.70° to -4.38°) for right lateral bending (11 studies) to -89.59° 

(95% CI, -131.67° to -47.51°) for total aCROM (4 studies). Patients with WADs had 

less aCROM than patients with nontraumat ic neck pain. No conclusive differences 

in aCROM were found between patients with acute and patients with chronic 

complaints. 

Conclusions  

Patients with neck pain have a significantly decreased aCROM compared with 

persons without neck pain, and patients with WADs ha ve less aCROM than those 

with nontraumatic neck pain. 
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INTRODUCTION 
 

Neck pain is a common musculoskeletal diso rder that causes substantial disability 

and burden. 1,2 The prevalence of neck pain in western Europe was 6.5% in 2010. 2 

Frequently mentioned symptoms are pa in, discomfort, and mobility deficits. 3-6  

Physiotherapists and other health care pr oviders measure active cervical range of 

motion (aCROM) to describe patients' health problems in terms of impairments of 

cervical mobility, to determine a prog nosis, and to evaluate the effects of 

physiotherapy treatment, both in clinical and scientific settings. 6-12 

Several factors that affect the mobility of the cervical spine are described. 13 There 

is conclusive evidence that age is a cont ributing factor to aCROM, with aCROM 

steadily diminishing as one grows older. 13-16 There is conflicting evidence that 

women have greater aCROM compared with men, 13-16 and Sterling et al 17 found 

that a reduction in aCROM is more evide nt in patients with moderate to severe 

pain. It is therefore important that th ese factors are considered when determining 

whether aCROM is reduced .
14,16 

There is evidence to suggest that reduced cervical mobility is associated with 

activity limitations and disability in case of neck pain and chronic whiplash-

associated disorders (WADs). 18-20 Several studies 17,21-23 have described a reduction 

in aCROM in patients with neck pain wh en compared with pe rsons without neck 

pain. There is conflicting evidence to supp ort that patients with persistent WADs 

have less aCROM than patients with non-traumatic neck pain .
16,21,23,24 

Furthermore, reduced aCROM may also increa se the risk of developing neck pain, 5 

and it is considered to be an unfavorab le prognostic factor in the recovery of 

patients with neck pain .
5,12,18,25,26 

The clinical utility of aCROM measur ements, however, still remains unclear. 

Studies investigating differences in aCRO M measurements between patients with 

neck pain and asymptomatic persons show conflicting results on  the extent of the 

difference. Some authors found a large difference in aCROM, 24,27 whereas others 

did not. 28,29 The heterogeneous group of patien ts with neck pain, the different 

planes of movement, and the measuremen t procedures used differed between 

these studies, thus making it difficult  to formulate definitive conclusions. 12 

To date, no previous research has sy stematically summarized and appraised the 

literature concerning the degree to which pe ople with neck pain differ from people 

without neck pain, and whi ch planes of movement ar e best at distinguishing 

patients from controls. The objective of th is review was to sy stematically assess 
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the existing literature on whether and to what extent patients wi th neck pain differ 

in 2-dimensional aCROM when compared wi th persons without neck pain. This 

study aimed to reach more conclusive results by summarizing the available 

studies in a meta-analysis. A secondary aim was to assess differences in aCROM 

between patients with acute and patients with chronic ne ck pain, and those with 

nonspecific neck pain versus those with WADs. 
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METHODS 
 

Study selection 

Articles were included when (1) 2-dime nsional aCROM was assessed in both a 

group of patients with either neck pain or WADs, and a group of control persons 

without neck pain; (2) mean age differe d by no more than  10 years between 

groups; (3) adult patients (aged >18y) with ac ute or chronic neck pain grade I, II, or 

III according to the Tas k Force on Neck Pain, 30 or with WADs grade I, II or III 

according to the Quebec Task Force 31 were included; and (4) a numerical 

comparison of maximal aCROM, expressed  in degrees or radi ans with SDs, was 

reported. Studies using radiography, computed tomography or magnetic 

resonance imaging, or analyzing segmental  mobility were excl uded. Inclusion and 

exclusion criteria were set a priori. No re strictions were made on language or 

publication date. Non-English articles were  translated independently by 2 native 

speakers. 

 

Literature search 

A research librarian searched the electr onic databases MEDLINE (Ovid), EMBASE, 

Web of Science, CINAHL (EBSCOhost), Cochrane Central (Wiley), PubMed (the 

subset as supplied by publisher), and Goog le Scholar from inception to April 2015 

using free text words, Medical Subject Headings (MEDLINE), and a thesaurus 

(EMBASE, CINAHL). Combinations were made based on neck pain (neck pain, neck 

injury, whiplash injury, cervicalgia) and rang e of motion (range of motion, mobility, 

flexibility). A highly sensi tive search was performed. 32 The complete search 

strategy is listed in appendix 1. References from retrieved articles and related 

articles were also checked to retrieve addi tional relevant publications not captured 

in the electronic databases. In addition, experts were asked if they could provide 

any further relevant studies. 

Two review authors (M.S.S., M.R.) indepe ndently selected the studies by screening 

the title and abstract to determine whether  the study met the inclusion criteria 

regarding design, participants, and aC ROM. We created a standardized form in  

Microsoft Excel to manage the records re trieved from the search. The same 2 

reviewers independently assessed pote ntially relevant full-text articles. 

Disagreements were solved by discussion or  through arbitration by a third review 

author (G.S.-P.). We listed the excluded studies and their bibliographic details with 

the reason for exclusion. 
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Data extraction and management 

Two review authors (M.S.S., M.R.) independ ently performed the data extraction by 

using an electronic prepiloted data extraction form. Data extraction included 

general study information, char acteristics of the study, ch aracteristics of the study 

population, outcome assessors, measuremen t procedure, statistical analysis, and 

results. In case of insufficient informati on, the respective authors were e-mailed 

for additional data. We imported outcome results from the data extraction form 

into the software package R eview Manager 5.3 (RevMan). 

 

Assessment of meth odological quality 

Two reviewers (M.S.S., M.R.) independen tly performed methodological quality 

assessments. Since there are currently no criteria lists available with acceptable 

interrater reliability and co nstruct validity for assessing risk of bias of the 

observational studies included in this review, 33,34 recommendations are to 

customize existing quality as sessment tools to design a list specifically targeting 

the context of the study designs of interest. 32,34 Therefore, we created a criteria list 

based on the recommendations of the Cochrane Handbook for Systematic Reviews 

of Interventions,32 and on generally accepted criteria items derived from the 

Newcastle-Ottawa Scale and the Qualit y Assessment of Diagnostic Accuracy 

Studies-2 Scale.35,36 In this way we developed a tool  to critically appraise potential 

methodological shortcomings such as selection bias, information bias, blinding, 

attrition bias (items 1-10),  and concerns regarding appl icability (items 11 and 12) 

(box 1). Judgments on items 1 to 10 were cat egorized as “low risk of bias”, “high 

risk of bias”, or “unclear risk of bias”. 32 Criteria 11 and 12 concerning applicability 

were answered with either “yes”, “no”, or “unclear” when insufficient information 

was provided. We did not apply weights to the different items of the criteria list, 

and we arbitrarily considered a study to have a low risk of bias when >7 criteria 

(out of 10) were met. Applicability was co nsidered sufficient if both criteria were 

scored as “yes”. 

We resolved disagreements by consensu s; if disagreement persisted, a third 

review author (G.S.P.) made the final decision. Results we re reported in a risk of 

bias table. The quality criteria were first  tested in multiple training sessions and 

discussed with experts. Consensus wa s achieved after several rounds of 

discussions among the reviewers. We prep iloted the quality assessment form and 

calculated the absolute  and chance-corrected degree of agreement ( k) between 

the 2 reviewers.   
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Box 1. Quality assessment checklist used to evaluate quality of  included studies 
Risk of Bias 

1. Was the case definition adequate? ( selection bias) 

2. Was the definition of controls adequate? ( selection bias) 

3. Was there an adequate description inclusion and exclusion criteria? ( selection bias) 

4. Comparability of cases and controls ( selection bias) 

5. Were the patients and controls recr uited from the same source population? 
(selection bias) 

6. Was a valid and reproducible test used? ( information bias ) 

7. Was the measurement procedure equal for both groups? ( information bias)  

8. Was the outcome assessment bl inded to the exposure status? ( blinding ) 

9. Were there any systematic differences between groups in withdrawals from the 
study? (Attrition Bias) 

10. Was a power analysis co nducted in order to calculate the minimum number of 
participants?  

Concerns regarding applicability 

11. Was the sample of examiners used representative? 

12. Representativeness of the exposed cohort  

 

 

Data synthesis and meta-analysis 

ACROM can be expressed as a “half-cycle” motion in 1 of the 6 primary movements 

(flexion, extension, right rotation, left ro tation, right lateral bending, left lateral 

bending); as a “full-cycle” motion, which is the entire range of each primary 

movement plane (flexion-exten sion combined, right and left rotation combined, 

right and left lateral bendin g combined); or as the tota l cervical range of motion 

(each primary plane summed up). 21,37 Numerical comparisons between groups in 

maximal aCROM, expressed in degrees, we re used for data analysis. The meta-

analysis was conducted using a rand om-effects model, accounting for the 

possibility of unexplained heterogeneity (i nconsistency). To analyze heterogeneity, 

we used visual inspection of the point est imates in the forest plots and the overlap 

of confidence intervals (C Is), and the statistical I 2 test for heterogeneity. I 2 

describes the percentage of total variat ion across studies that is ascribed to 

heterogeneity. A percentage of approxi mately 25% indicates low heterogeneity; 
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50%, medium heterogeneity; and 75%, high heterogeneity. 38 Data from individual 

studies were pooled with RevMan to dete rmine a mean difference (MD) with a 95% 

CI for continuous data. Forest plots we re used to present the point estimates and 

CIs for the individual studies and meta-analyses. 

 

Subgroup analyses 

Several factors may contribute to he terogeneity in aCROM outcome across 

studies. A priori, we specified a limited nu mber of subgroup analyses to explore 

possible differences in aCROM: (1) di fference between patients with WADs 

compared with patients with nontraumatic  neck pain; and (2) acute complaints 

versus chronic complaints. We also planned a sensitivity analysis to determine the 

effect of the study quality on the MD in aCROM. 
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RESULTS 
 

Search procedure 

Our electronic search yielded 6257 hits.  Four studies were added from hand 

searching. After screening of titles and abstra cts, a total of 107 potentially relevant 

studies remained. Most studies were in Engl ish, 1 was written in French, 1 in 

German, and 1 in the Persian language (F arsi). After reviewing the 107 full-text 

articles, all but 1 of the disagreements concerning inclusion were resolved by 

consensus. The third reviewer excluded this  article. In total, 27 articles met the 

inclusion criteria (fig 1) and were included. 

 

Study designs and characte ristics of population 

The general characteristics of the 27 in cluded studies are described in table 1. 

Included studies reported sample sizes pe r subgroup ranging from 7 in the study 

by Sjolander et al 23 to 129 in the study by Puglisi et al. 39 Studies were conducted in 

13 different countries (Europe: Sweden 6,  Germany 2, Switzerland 2, Norway 2, 

Spain 2, Denmark 1, Italy 1. United States 3, Australia 3, Israel 2, Canada 1, New 

Zealand 1, Taiwan 1). 

Most of the participants in the studies were women (61.5%). The average age of 

the participants was late 30s to early 40s, with a range ± SD of 19.9±1.9 years to 

56.6±3.5 years per subgroup. Four studies 17,40-42 recruited patients with only acute 

complaints, while 18 studies 20-24,27,29,39,43-51 included patients with only chronic 

complaints. 

 

Measurements  

A variety of tests were used for measuring aCROM; in 6 studies 40-42,45,52,53 the 

cervical range of motion instrument was used, 2 studies 24,54 used a Myrin 

goniometer, 1 study 49 used single inclinometers, and 1 study 51 opted for a 

compass device. Sevente en studies used an electronic  device such as the 3Space 

Fastrak (9 studies 17,20-23,29,43,48,55) or the ultrasound-based Zebris system (3 

studies 27,50,56). Less common was the applicat ion of video systems: video-

photogrammetry system, 44 Elite video system, 39 Spine Motion Analyzer CA-6000, 46 

ProReflex system, 47 and a 6-camera motion capture system. 57 
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Fig 1 Flow diagram of articles reviewed. 
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Outcome measures 

The primary outcome in our study was aCROM. All studies except one 47 described 

aCROM in degrees. For this study we co nverted radians into degrees, making 

pooling of the data possible. 

 

Risk of bias in included studies 

The results are presented in table 2. Thirteen 20,22,23,29,39-41,43,45,48,49,52,54 of 27 studies 

were considered to have a low risk of bias ( �27/10). Most studies scored positive on 

usage of valid and reliable instruments (item 6) and an identical measurement 

procedure for all groups (item 7). Mostly,  patients and controls were sufficiently 

comparable (item 4) and were recruited from the same source population (item 

5). Researchers, however, often failed to  adequately describe the characteristics 

of patients (63% were inad equate) and controls (30%) (items 1 and 2), and were 

not specific in their description of inclusio n and exclusion criteria (item 3, 30%) or 

of the procedure of blinding (item 8, 78%). Moreover, 17 of 27 studies insufficiently 

described the experience and profession of the clinical examiners (item 11). Most 

of the studies included a representative samp le of average patients with neck pain 

in the community (item 12, 70%). Eight studies17,27,41,45,49,51-53 met all criteria for 

external validity (items 11 + 12). 

 

Overall, high levels of agreement between the reviewers were achieved for risk of 

bias assessment, resulting in a percentage  of agreement of 92% (95% CI, .91-.94) 

and a kappa of .85 (95% CI, .79-.90) fo r the main analysis. Kappa values ranged 

from .65 (for item 1) to 1.0 (for items 7 and 10). We resolv ed all disagreements 

through consensus; consequently there was no need to consult the third reviewer 

for a final decision. 

 

Differences in aCROM betw een patients with neck pa in and persons without 

neck pain  

Total range of motion 

Four studies 21,27,41,42 holding 507 participants (with 1 of the studies having a low 

risk of bias) assessed total aCROM (combi nation of total of flexion, extension, 

rotation left and right, an d lateral bending left and right) between patients with 

neck pain and persons without neck pain . From these studies it can be concluded 

that a significantly decreased total aCROM is present in patients  with neck pain 

(MD= -89.59°; 95% CI, -131.67° to -47.51°) (fig 2).  
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Full-cycle aCROM 

Five studies21,29,44,53,54 with 483 participants (2 of the studies with a low risk of bias) 

assessed total flexion-extension. Six studies 20,21,29,46,53,54 with 653 participants (4 of 

the studies with a low risk of bias) assessed total rota tion. Four studies 21,53,54,57 

with 398 participants (1 of the studies wi th a low risk of bias) assessed lateral 

bending. Total flexion-exte nsion was significantly redu ced in patients compared 

with Controls (MD = -28.51 °; 95% CI, -40.92° to -16.11°). Significant differences 

were also found for total rotation (MD=-29. 49°; 95% CI, -39.81° to -19.16°) and total 

lateral bending (MD= -16.72°; 95% CI, -23.99° to -9.45°) (fig 3). 

 

Half-cycle aCROM 

Nineteen studies 17,22,24,27,29,39-43,45,47-52,55,56 with 1649 participants (10 of the studies 

with a low risk of bias) evaluated half-c ycle flexion and exte nsion. Quantitative 

analyses showed that both flexion and ex tension were significantly reduced in the 

patient groups (flexion: MD= -11.18°; 95% CI, -13.55° to -8.80°; extension: MD=  

-17.48°; 95% CI, -20.95° to -14.01°). Sixteen studies 22-24,27,29,39,40,42,43,45-48,50,51,55 with 

1458 participants (8 of the studies with a low risk of bias) assessed right and left 

rotation. A significant reduction of active ce rvical rotation was found in the patient 

groups (right rotation: MD= -13. 93°; 95% CI, -17.58° to -10.29°; 

left rotation: MD =-14.76°; 95% CI, -18. 43° to -11.09°). Similar results were 

found in 11 studies 22,27,39,40,42,43,45,49-51,55 with 1070 participants (6 of the  studies 

with a low risk of bias) that examined right lateral bending (MD=-7.04°; 95% CI,  

-9.70° to -4.38°) and left lateral bending (MD=-7.78°; 95% CI, -10.15° to -5.42°) (figs 

4-6). Three studies 17,41,56 combined the mean values for right and left rotation, and 

for right and left lateral bending in their an alysis. This led to similar results as with 

studies that did not. 

 

Subgroup analyses 

WADs versus nontraumatic neck pain  or persons without neck pain 

Three studies 21,23,24 holding 268 participants (1 of the studies with a low risk of 

bias) included both a WADs group and a nontraumatic neck pain group. Fourteen 

studies 17,22,27,39-48,53 included a group with only patients with WADs. 

Of the 3 studies that compar ed patients with WADs to patients with nontraumatic 

neck pain, the studies by Grip 24 and Woodhouse 21and colleagues with237 

participants (both studies having a high ri sk of bias) found that the WADs group 

had significantly less aCROM than the nont raumatic neck pain group. Sjölander’s 



568453-L-bw-Stenneberg568453-L-bw-Stenneberg568453-L-bw-Stenneberg568453-L-bw-Stenneberg
Processed on: 20-10-2021Processed on: 20-10-2021Processed on: 20-10-2021Processed on: 20-10-2021 PDF page: 35PDF page: 35PDF page: 35PDF page: 35

Chapter 2 

35 

study 23 with 15 participants and a low risk of  bias showed a no nsignificant result 

in favor of the nontraumatic neck pain group (fig 7). 

The 14 studies that compared  patients with WADs to pe rsons without neck pain 

showed more reduction in aCROM in the WADs group for all movements, with MDs 

ranging from -97.52° (95% CI, -143.50° to  -51.53°) for total aCROM to -8.10°  

(95% CI, -11.33° to -4.87°) for right lateral bending (table 3). 

Thirteen studies 20,21,23,24,29,49-52,54-57 included a “nontraumatic  neck pain group” 

consisting of patients with nontraumatic  complaints or no specification of the 

origin of complaints. Comparison be tween these patients an d control persons 

without neck pain showed mo re reduction in aCROM in the neck pain group for all 

movements, with MDs ranging from -51.30° (95% CI, -67.31° to -35.29°) for total 

aCROM to -4.65° (95% CI, -6.59° to -2.71°) for right lateral bending (see table 3). 

 

Patients with acute and ch ronic complaints versus pe rsons without neck pain 

No study included both an acute and chronic complaints gr oup. Four studies 17,40-

42 with 257 participants (2 of the studies wi th a low risk of bias) compared a group 

with only acute complaints (<6wk) to a grou p of persons without neck pain, and 18 

studies 20-24,27,29,39,43-51,56 with 1653 participants (9 of  the studies with a low risk of 

bias) compared a group wi th only chronic complain ts to a group of persons 

without neck pain. 

Table 4 shows the pooled MDs of the studies that included patients with acute 

neck pain and studies that included pati ents with chronic neck pain. The results 

vary with the different motion directions . Given these conflicting results, no clear 

conclusion can be drawn concerning an y difference in aCROM between patients 

with acute and chronic complaints. 

 

Sensitivity analyses 

Substantial heterogeneity was observed among studies (see figs 2-6). Including 

only studies with a low risk of bias led to acceptable lo w or medium heterogeneity, 

yet slightly smaller pooled MDs (see figs 2- 6). For full-cycle aCROM, the decrease 

of the pooled MD ranged from -8.02° (lateral bending) to -14.73° (flexion-

extension), and for half-cycle aCROM from -1.47° (flexion) to -4.22° (extension). 
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DISCUSSION 
 

In this systematic review and meta-analysi s, including 27 studies totaling 2366 

participants (women: 61.5%), the aCROM diff ered between patients with neck pain 

and controls. Largest differences in aCR OM were found in full-cycle flexion-

extension (MD = -28.51°; 95% CI, -40.92° to  -16.11°) and in total rotation (MD=  

-29.49°; 95% CI, -39.81° to -19.16°), and for half-cycle motion in extension (MD=  

-17.48°; 95% CI, -20.95° to -14.01°). Subgroups of patients with WADs appeared to 

have an even more reduced aCROM than  groups including patients with 

nontraumatic neck pain. No consistent differences between patients with acute 

and chronic complaints co uld be derived from indirect comparisons. 

These results are in accordance with the si tuation in daily physiotherapy practice, 

where a reduction of aCROM is usually seen as a clinical feature of patients with 

neck pain, and with recommendations in  the literature, where assessment of 

cervical range of motion is accepted as being an important diagnostic and 

evaluative parameter. 6 The results of the included studies are consistent. Persons 

without neck pain showed a larger aC ROM for all movements. These differences 

are clinically relevant and greater than  the reported measurement errors of 

commonly used instruments in  practice and research. 10,58,59 As such, the findings 

of the present study can be considered to be true differences in aCROM between 

patients with neck pain and those without neck pain. 

At the onset of this review we hypoth esized differences in aCROM between acute 

and chronic phases of pain, yet apparently  the duration of symptoms is not an 

important factor for aCROM. Indeed, it is possible that other factors, such as the 

severity of complaints, may be more relevant . Still, only limited conclusions can be 

drawn about the differences in aCROM between WADs and nontraumatic neck 

pain, and acute versus chronic complaints , because only indi rect comparisons 

were possible given the absence of sufficie nt studies that included both groups. 

Therefore, MDs between WADs and nont raumatic neck pain, and acute versus 

chronic complaints may be related to  differences in the participants' 

characteristics, severity of co mplaints, symptom duration , and natural variations 

in the population. 

Heterogeneity across studies was high . This could be explained by the 

heterogeneous group of patients with ne ck pain that was included in most 

retrieved studies. There were relevant differences in, for example, inclusion 

criteria for participants, setting, severit y of symptoms, measurement procedure, 
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and study quality. This may have increased  the heterogeneity of our study. High 

heterogeneity may reduce the confidence in the recommendations of this review 

and reduce the precision of the findings.  However, analyzing on ly studies with a 

low risk of bias led to substantially less  heterogeneity, mostl y low or medium, and 

only small and nonsignificant differences in outcome, which is why we included all 

studies in the meta-analysis. We assu me that heterogeneity may not have 

influenced our results substantively. Furthermore, we pooled the data of all 

studies because most of th e studies found a greater aCROM in favor of the 

controls, and the relatively small CIs of po oled data indicate reasonable strength 

of our findings. Moreover, we used the random-effects model not to estimate one 

true effect, but to estimate the mean of a distribution of effects. 60 Another option 

to handle important heterogeneity among the studies is to divide the studies into 

different subgroups. However, because of th e lack of detailed information about 

patient characteri stics in most studies, the possib ilities of comparing subgroups 

were limited. Subgroups of patients with neck pain based on signs and symptoms 

and neck function may demo nstrate less heterogeneity and more differentiation 

in aCROM. 

 

Study limitations 

This review may have some limitations. Al though much effort wa s made to retrieve 

all relevant studies, publication bias cannot be excluded. It is possible that studies 

were missed or that unpublished studies were not found. Studies showing no 

difference between patients and controls are more likely to remain unpublished 

than those reporting positive findings. 61 

Risk of bias was assessed using a self-de veloped criteria list based on validated 

quality assessment scales. 32,35,36 This list as a whole has not been validated before, 

but individual items are generally accepted and have been carefully chosen, 

making all items relevant and specific to the studies' included designs. 

Only 6 studies 20,23,40,51,54,57 (4 with a low risk of bias) reported adequate blinding of 

the assessors. Inadequate blinding may have enlarged the difference in aCROM. 

 

Recommendations 

We were able to include a large number of studies, and the consistency of the 

results presented in this systematic review  showed that the amount of aCROM is 

an important discriminating parameter in the diagnostic process in patients with 

neck pain. But in order to determine the clinically relevant change in aCROM in 
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relation to recovery (minimal clinically im portant change), further research should 

focus on the degree of increase of aCROM after therapeutic interventions and its 

correlation with the reduction of neck co mplaints, and should also determine to 

what extent restoring reduced aCROM cont ributes to health benefits. Moreover, 

future studies measuring aCROM in patients with cervical pain should distinguish 

between clinically relevant subgroups , and studies should provide detailed 

information about the included study popu lation in order to determine the degree 

of reduced aCROM per subgroup. 

 

 

CONCLUSIONS 
 

This systematic review provides good-quali ty evidence that there is a significant, 

clinically relevant decrease in aCROM in  patients with neck pain (traumatic or 

nontraumatic) compared with persons wi thout neck pain. Fu ll-cycle flexion-

extension and total rotation, and half -cycle extension showed the largest 

differences in range of motion between pa tients with neck pain and those without 

neck pain. A traumatic origin of compla ints seems to have a negative influence on 

aCROM. 
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Table 2.  Quality assessment of 

included studies 
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Table 3.  Pooled Mean Differences of WAD groups  compared to Health y Controls and non-

traumatic neck pain groups co mpared to Healthy Controls 

 

 

 
 

 

Table 4.  Pooled Mean Differences of Acute neck pain groups compared to Healthy Controls 

and Chronic neck pain groups compared to Healthy Controls 

Movement #Studies 
 

WAD/HC 
(n) 

MD(°) (95% CI) 
(WAD – HC) 

#Studies 
 

NP/HC 
(n) 

MD(°) (95% CI) 
(NP – HC) 

Total aCROM 4 227/223 -97.52 [-143.50, -51.53] 1 57/57 -51.30 [-67.31, -35.29] 

Full Cycle Flexion-extension 3 157/157 -35.26 [-44.41, -26.11] 3 102/124 -16.28 [-21.01, -11.54] 

Full Cycle Rotation 3 173/176 -45.36 [-52.86, -37.85] 4 204/157 -18.68 [-22.28, -15.09] 

Full Cycle Lateral Bending 2 127/128 -25.37 [-29.97, -20.77] 3 96/104 -11.35 [-15.09, -7.61] 

Flexion 12 732/579 -12.55 [-15.43, -9.66] 8 176/186 -7.93 [-11.11, -4.75] 

Extension 12 732/579 -20.65 [-24.69, -16.61] 8 176/186 -10.95 [-15.68, -6.22] 

Right Rotation 12 665/583 -15.82 [-20.34, -11.29] 6 117/133 -8.36 [-10.85, -5.88] 

Left Rotation 12 665/583 -16.56 [-21.08, -12.03] 6 117/133 -10.47 [-15.37, -5.57] 

Right  Lateral bending 7 504/414 -8.10 [-11.33, -4.87] 4 82/71 -4.65 [-6.59, -2.71] 

Left  Lateral bending 
 

7 504/414 -9.24 [-12.78, -5.70] 4 82/71 -5.85 [-8.28, -3.41] 

aCROM = active Cervical Range of Motion, #Studies = numb er of studies, N = number of patients, WAD = whiplash 
associated disorders, MD = mean difference, 95% CI = 95% confidence interval, NP = nonspecific neck pain 

Movement #Studies Acute/HC 
(n) 

MD(°) (95% CI) 
Acute - HC 

#Studies Chronic/HC 
(n) 

MD(°) (95% CI)   
Chronic - HC 

Total aCROM 2 70/91 -63.31 [-78.69, -47.93] 2 214/132 -112.30 [-123.91, -100.70] 
Full Cycle Flexion-extension 0 0 - 3 168/128 -28.46 [-43.68, -13.25] 
Full Cycle Rotation 2 120/60 -10.11 [-13.71, -6.51] 4 286/180 -30.36 [-43.32, -17.40] 
Full Cycle Lateral Bending 2 120/60 -6.55 [-7.70, -5.41] 2 132/79 -15.74 [-23.79, -7.69] 
Flexion 4 170/131 -9.96 [-12.65, -7.27] 13 682/567 -12.97 [-16.72, -9.21] 
Extension 4 170/131 -20.84 [-27.20, -14.48] 13 682/567 -17.33 [-21.65, -13.00] 
Right Rotation 2 50/71 -17.91 [-28.28, -7.54] 13 705/592 -13.73 [-17.88, -9.58] 
Left Rotation 2 50/71 -17.91 [-23.80, -12.02] 13 705/592 -15.01 [-18.98, -11.04] 
Right  Lateral bending 2 50/71 -10.31 [-13.89, -6.73] 8 509/400 -6.75 [-10.01, -3.50] 
Left  Lateral bending 
 

2 50/71 -11.97 [-15.28, -8.66] 8 509/400 -7.21 [-9.99, -4.43] 

aCROM = active Cervical Range of Motion, #Studies = numb er of studies, N = number of patients, WAD = whiplash 
associated disorders, MD = mean difference, 95% CI = 95% confidence interval, NP = nonspecific neck pain 
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Figure 2.  Neck Pain patients versus He althy Controls: total aCROM.  
Abbreviations: df, degrees of freedom; IV, inverse variance; RoB, risk of bias 
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Figure 3.  Neck Pain patients versus Healthy Controls: Full Cycle aCROM. Above: total 

flexion-extension, middle: total rotati on, below: total lateral bending.  
Abbreviations: df, degrees of freedom; IV, inverse variance; RoB, risk of bias 
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Figure 4.  Neck Pain patients versus Healthy Controls : Half Cycle aCROM, flexion and extension. 
Abbreviations: df, degrees of freedom; IV, inverse variance; RoB, risk of bias. 

  

Figure continues 
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Figure 4  continued.  Neck Pain patients versus Healthy Controls: Half Cycle aCROM, flexion 

and extension. Abbreviations: df, degrees of freedom; IV, inverse variance; RoB, risk of bias.  
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Figure 5.  Neck Pain patients ve rsus Healthy Controls: 

Half Cycle aCROM, rotation. Abbreviations: df, degrees of 

freedom; IV, inverse variance; RoB, risk of bias.  
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Figure 6.  Neck Pain patients versus Healthy Cont rols: Half Cycle aCROM, lateral bending. 
Abbreviations: df, degrees of freedom; IV, inverse variance; RoB, risk of bias.  
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Figure 7.  WAD versus non-traumatic neck pain.  
Abbreviation: IV, inverse variance. 
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APPENDIX 1 
 

The search terms from MEDLINE (Ovid) , EMBASE, Web-of-science, CINAHL 

(EBSCOhost), Cochrane Central (Wiley), PubMed (the subset as supplied by 

publisher) and Google Scholar electron ic database searches are found below. 

 

Embase.com  

('neck pain'/de OR 'whiplash injury'/de OR 'neck injury'/de OR (((neck OR Cervical ) 

NEAR/3 (pain* OR ache OR hyperextens* OR injur*)) OR neckache* OR 

Cervicalgia* OR Cervicodynia* OR whiplas h*):ab,ti) AND ('range of motion'/de OR 

'joint mobility'/de OR ((range* NEAR/3 (m otion* OR movement*)) OR mobilit* OR 

(neck* NEAR/3 (flexib* OR inflexib*  OR movement* OR dysfunction* OR 

function*)) OR rom ):ab,ti) NOT ([animals]/lim NOT [humans]/lim) NOT 

([Conference Abstract]/lim OR [Conference Paper]/lim OR [Note]/lim OR 

[Letter]/lim OR [Editorial]/lim OR [Erratum]/lim)  

 

Medline (Ovid)  

("neck pain"/ OR exp "neck injuries"/ OR ((( neck OR Cervical ) ADJ3 (pain* OR ache 

OR hyperextens* OR injur*)) OR neckache * OR Cervicalgia* OR Cervicodynia* OR 

whiplash*).ab,ti.) AND ("Range of Motion, Articular"/ OR ((range* ADJ3 (motion* 

OR movement*)) OR mobilit* OR (neck* ADJ3 (flexib* OR inflexib* OR movement* 

OR dysfunction* OR function*)) OR rom).a b,ti.) NOT (exp animals/ NOT humans/) 

NOT (case reports OR comment OR editorial OR letter OR congresses OR news OR 

practice guideline).pt. 

 

Cochrane Central (Wiley) 

((((neck OR Cervical ) NEAR/3 (pain* OR ache OR hyperextens* OR injur*)) OR 

neckache* OR Cervicalgia* OR Cervicodynia* OR whiplash*):ab,ti) AND (((range* 

NEAR/3 (motion* OR movement*)) OR mobi lit* OR (neck* NEAR/3 (flexib* OR 

inflexib* OR movement* OR dysfunction* OR function*)) OR rom):ab,ti) 

 

Web-of-science  

TS=(((((neck OR Cervical ) NEAR/3 (pain* OR ache OR hyperextens* OR injur*)) OR 

neckache* OR Cervicalgia* OR Cervicodynia* OR whiplash*)) AND (((range* 

NEAR/3 (motion* OR movement*)) OR mobi lit* OR (neck* NEAR/3 (flexib* OR 

inflexib* OR movement* OR dysfunction* OR function*)) OR rom)))   
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CINAHL (EBSCOhost) 

(MH "neck pain+" OR MH "neck injuries+" OR  (((neck OR Cervical ) N3 (pain* OR 

ache OR hyperextens* OR injur*)) OR neck ache* OR Cervicalgia* OR Cervicodynia* 

OR whiplash*)) AND (MH "Range of Moti on+" OR ((range* N3 (motion* OR 

movement*)) OR mobilit* OR (neck* N3 (flexib* OR inflexib* OR movement* OR 

dysfunction* OR function*)) OR rom)) NOT (MH animals+ NOT MH humans+) NOT 

PT (case reports OR comment OR editoria l OR letter OR congresses OR news OR 

practice guideline) 

 

PubMed (publisher)  

("neck pain"[mh] OR "neck injuries"[mh] OR (((neck OR Cervical ) AND (pain*[tiab] 

OR ache OR hyperextens*[tiab] OR in jur*[tiab])) OR neckache*[tiab] OR 

Cervicalgia*[tiab] OR Cervicodynia*[tiab ] OR whiplash*[tiab])) AND ("Range of 

Motion, Articular"[mh] OR ((range *[tiab] AND (motion*[tiab] OR 

movement*[tiab])) OR mobilit*[tiab] OR  (neck*[tiab] AND (flexib*[tiab] OR 

inflexib*[tiab] OR movement*[tiab] OR dysf unction*[tiab] OR function*[tiab])) OR 

rom)) NOT (animals[mh] NOT humans[ mh]) NOT (case reports[pt] OR 

comment[pt] OR editorial[pt] OR letter[p t] OR congresses[pt] OR news[pt] OR 

practice guideline[pt]) AND publisher[sb] 

 

Google Scholar 

"neck|Cervical pain|ache" |neckache|whiplash "range  of motion"|mobility| 

"neck flexibility|inflexibility|movement|dysfunction|function" 
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ABSTRACT 
 

Purpose   

The International Classification of Human Functioning Disability and Health (ICF) 

provides insight into functional health st atus in patients with whiplash-associated 

disorders (WAD). In the ass essment of functional limita tions in patients with WAD, 

there are several condition-specific questio nnaires available. Estimation of the 

true relationship between the separate con structs of the ICF is only possible if the 

items of the salient questionnaires measur e exactly the constructs of interest, 

while not simultaneously measuring othe r constructs of the model. This study 

aimed to develop a condition specific and clinically rele vant and usable instrument 

for patients with WAD that measures ac tivity limitations and participation 

restrictions, as defined by the ICF framework. 

Methods  

Item generation consisted of (1) a semi- structured interview which was conducted 

among 69 WAD patients; (2 ) a Delphi study involving 13 health professionals 

experienced in the assessment of patients  with WAD; (3) a literature search for 

items from self-assessment questionnaires for neck pain. 

Results  

A 35-item condition-specific self-assessme nt questionnaire for patients with WAD 

was developed. This new questionnaire meas ures purely activity limitations and 

participation restrictions according to th e ICF and is based on patients' opinions 

and expert opinions. 

Conclusion  

The whiplash activity and participation list  tends to measure clinically relevant 

activity limitations and participat ion restrictions in WAD patients. 
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INTRODUCTION 
 

A fair proportion of patients with whiplas h-associated disorders (WAD) experience 

chronic complaints [1], which may interfere with patients' jobs, everyday activities, 

and leisure time pursuits [2]. WAD lite rature traditionally tends to focus on 

measurement of impairments, especially of  pain, cervical muscle function, and 

cervical range of motion [3]. Evidence, ho wever, shows that other factors, such as 

personal factors, activity limitations, and participation restrictions, are equally 

important [4]. 

The use of a theoretical framework for fu nctioning and health can be helpful in 

the clinical decision making and provides insight into functional health status in 

patients with WAD [5]. The International Classification of Human Functioning 

Disability and Health (ICF) seems to provide such a framework [5]. The ICF contains 

three main constructs (components) of health: body functions and structures, 

activity and participation and their re spective opposites. Personal factors and 

environmental factors are addition al components of the ICF [5]. 

Understanding of functioning and health in WAD requires an appreciation of the 

interrelationship between clinically relevant constructs and additional 

components [6]. Estimation of the true relationship between separate constructs 

is only possible if the items of the sa lient questionnaires measure the constructs 

purely, while not simultaneously measurin g other constructs of the model [6]. A 

self-administrated questionnaire is favora ble in both health assessment and 

outcome measurement [7]. A self-admini strated, condition-specific instrument 

should meet the following criteria: (1 ) the instrument is developed within a 

conceptual framework, in this case the ICF; (2) the instrument measures exactly 

the constructs of interest; (3) the me asure should have a good content and 

construct validity; (4) the instrument is cl inically applicable and acceptable, both 

for patients and health professionals [8]. 

In the assessment of patients with WA D, there are several condition-specific 

questionnaires available [9-15]. While the clinometric properties of these 

questionnaires have been studied in pati ents with neck pain, their validity, 

specifically for assessing activity and participation in WAD, has not been 

established. Existing questionnaires do not meet the above-mentioned second 

and third criteria, as they measure multip le domains of the ICF and do not include 

a representative spectrum of restrictio ns deemed to be important by WAD 

patients [7]. The neck disability index (NDI ), for instance, contains four items on 
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impairments, and six items on activity/par ticipation [16]. The whiplash disability 

questionnaire (WDQ) contains four functions, six items on activity/participation, 

and three items on personal  factors. All existing questionnaires on WAD provide a 

sum score. The sum scores are based on the sub scores in several domains of the 

ICF. Estimation of the true relationship  between separate constructs is only 

possible if the items of the salient qu estionnaires measure the constructs purely, 

while not simultaneously measuring other co nstructs of the model. It is, therefore, 

difficult to make inferences on the rela tionship between impairments, activity 

limitations/participation restri ctions and personal factors. 

As a consequence, there has, until now,  been no condition-specific instrument 

available by which activity limitations and participation restrictions could be 

assessed in patients with WAD, without contamination of other ICF domains [2]. 

Until now, clinicians and researchers had to rely on generic disability measures, 

which are often not sufficiently compre hensive and have less discriminative 

capacities [15]. Therefore, there is a n eed for a condition-specific questionnaire 

that measures solely the construc ts of activity and participation. 

When developing a conditio n-specific questionnaire, the development process 

should be based both on patients' percepti ons, experiences, an d opinions, as well 

as on experts' opinions and experiences [8]. This study aimed to develop a 

condition specific and clinic ally relevant and usable instrument for patients with 

WAD that measures activity limitations an d participation restrictions, as defined 

by the ICF framework. 
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METHODS 
 

A new condition-specific self-assessment questionnaire for patients with WAD, 

measuring activity and participation (WAL ), was developed. Item collection was 

established via three main separate yet interlinked procedures: (1) items were 

obtained via patients with WAD; (2) items we re obtained via experts in the field of 

diagnosis and treatment of patients wi th WAD; and (3) selected items were 

compared with existing questionnaires aimi ng to measure perceptions of activity 

limitations and/or participation restrictions in patients with neck pain or WAD. 

Items obtained from the patients were co mbined with the items obtained via the 

experts, and compared  with items from the existing questionnaires. In order to 

assess the feasibility of the WAL, we performed a pilot study (Fig. 1). 

 

 
Fig. 1 Design of the study. 
WAD whiplash-associa ted disorders, MACTAR McMaster Toronto arthritis patient preference disability 

questionnaire, ICF International Classification of Functioning, Disability and Health, WAL the whiplash activity 

and participation list 
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Procedure 1: Item collecti on via patients with WAD 

Patients with sub-acute or chronic WAD provided demographic data, and 

completed the NDI and the Neck Bourn emouth Questionnaire (NBQ). NDI and 

NBQ scores were compared with existing databases. 

For the development of the new questionnaire, items were selected based on 

replies to the adapted version of th e McMaster Toronto arthritis patient 

preference disability questionnaire (MACTAR) [17]. The MACTAR is a semi-

structured interview. It provides insight into problems of physical function that 

really matter to patients [18]. It was us ed in all patients as part of a routine 

assessment in clinical practice, in reha bilitation centres and in primary care 

settings. Each patient was as ked to identify a maximum of ten of the most 

problematic activities or participation restrictions that he/she experienced due to 

WAD. Subsequently, the patients were aske d to rate the activities according to 

their importance, and to scor e the level of limitation of each item on a numerical 

rating scale from 0 to 10. Inclusion of patients was continued until saturation of 

new items was established. All pati ents signed for informed consent. 

After completion of item co llection, all items obtained by the MACTAR that did 

not match with the definitions of activity limitations or participation restriction, 

were removed from the list. The remaining items were then linked to the ICF 

according to established linking rules of Ci eza et al. [19], by three of the authors 

(MSch, MSt, PS) during a consensus meeting. A priori, the decision was made to 

include all items mentioned by 10% or more of all participating patients. 

The study was approved by the Medical Ethics Committee of the University 

Medical Center Utrecht. 

Procedure 2: Item collection via experts 

Using an electronic mail survey [20], a three-round Delphi study was conducted 

among physiotherapists, phys iatrists, and occu pational therapists. Prior to the 

first round of the Delphi study, seven physiotherapists an d two occupational 

therapists who were not involved in de Delphi study, made a selection of all ICF 

activities and participation items that co uld be relevant for patients with WAD. 

These experts in the field of WAD were asked to rate all chosen items on a 5-point 

Likert scale. All items scored with a median Likert score of 3 or higher, were 

included and used in the first Delphi round (153 items). 

Potential participants of the Delphi study were recruited via the professional 

networks of the authors. Inclusion criteria  were (1) professional background as a 
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physiatrist, physiotherapist,  or occupational therapist;  (2) more than 5 years of 

clinical experience in the diagnosis and treatment of WAD patients; (3) treatment 

of at least three new WAD patients a mont h; and (4) ability and willingness to 

respond to the electronic mail survey for each Delphi round within 4 weeks. 

Round 1 of the Delphi study 
In the first round, the aims of the Delphi study were explained and information on 

the experts was collected. The experts were asked to select items that were 

relevant for measuring activities and pa rticipation WAD patients. Selection was 

done by clicking on ‘‘yes, this item is relevant'', or clicking on ‘‘no, this item is not 

relevant''. The number of items to be sel ected was not a priori  limited. Experts 

were given the opportunity to suggest ad ditional items. The level of in- and 

exclusion for round 2 was a priori set at 80% agreement among the experts, i.e., 

items were included in the list. 

Round 2 of the Delphi study 
In the second round, the experts were pr ovided with their own scores and the 

group score. The scores were coded for th e sake of anonymity. Experts were then 

asked to assess the importance of the sel ected items of round 1. A 7-point Likert 

scale (1, not important; 7, most important)  was used. In addition, participants were 

given the opportunity to select a maximum of ten items out of the residual items 

which did not reach agreement in the first  round (<80%) to still add to the third 

round. Prior to round 2, it was decided th at items were to be included when more 

than 80% of the experts scored 5 or more on the Likert scale. 

Round 3 of the Delphi study 
The coded scores and the group scores (m edian and range) and the concept item 

list, were sent to the experts, who were aske d to indicate, using ‘‘y es'' or ‘‘no'', which 

of the items absolutely had to be includ ed in the questionnaire. There was no 

restriction as to number of items that could be selected, but experts were asked 

to weight their decisions based on the fo llowing criteria: (1) all questionnaire items 

must be relevant for measuring problem perc eptions in activities and participation 

by WAD patients; (2) the questionnaire mu st be applicable in clinical practice, 

especially in respect to decision making ; (3) the questionnaire must be clinically 

relevant and acceptable, for both patien ts and professionals. In addition, the 

experts were asked to indicate whic h scoring system would be the most 

appropriate for the items specifically and for the questionnaire as a whole. 
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Procedure 3: Literature search 

Results of both item collections (via pa tients and experts) we re compared with 

those of existing questionnaires that includ e items that assess activity limitations 

and/or participation restrictions. This comparison was done to examine whether 

there were items lacking in the concept questionnaire (WAL). A literature search 

was performed in MedLine, Cinahl, and EMBASE. 

Pilot study 

In a pilot study, patients were asked to  complete the WAL and to appreciate the 

questionnaire. Patients rated the individual items in terms of relevance to their 

daily living and clarity using a 0-10 scal e, and their appreciation on the whole 

questionnaire, with respect to wording, clarity, and layout. 
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RESULTS 
 

Procedure 1 

A total of 69 patients participated in the study, 53 women (77%) and 16 men (23%), 

median age 42 (range 21-68) (Table 1). Mean and range of the NDI scores of our 

sample were slightly higher than refere nce data [21-23]. Mean range of the NBQ 

scores were not different from reference data [24] (Table 1). In all collected 

MACTAR registration forms, 178 activity li mitations or participation restrictions 

were mentioned. After grouping, rewordin g, and linking to the ICF, 132 items 

remained. Of these 132 items, all it ems suggested by 10% or more of all 

participating patients were included in the concept list (Table 2). Items with nearly 

a 10% score were only included if they scored high with the experts. 

 

Procedure 2 

Twenty-five experts were invi ted to participate and 18 re sponded to the invitation, 

13 of which met the inclusion criteria and agreed to participate (8 physical 

therapists, 3 occupational th erapists, and 2 physiatrists).  The characteristics of the 

experts are described in Table 3. All experts participated in all three rounds of the 

Delphi study. 

Based on the 80% agreement level, 65 item s were included during the first round 

of the Delphi study. No extra items were added to the list by the participants. As a 

result of round 2, 23 items were includ ed. In round 3, one item was chosen by 

<20% of the experts and was conseq uently removed, leaving 22 items. 

Four suggestions for the questionnaire-sc oring system were put forward. Five 

experts suggested a 5-point Likert scale, three experts suggested a 7-point Likert 

scale, and four suggested an 11-point Likert scale while on e suggested a visual 

analogue scale (VAS). 

 

Procedure 3 

Thirteen self-administered questionnaires that are used for the clinical 

assessment or evaluation of patients with neck pain, were found. Eight 

questionnaires [the extended Aberdeen spine pain scale (APS) [9], NBQ [10], 

cervical spine outcome questionnaire (CS OQ) [11], Copenhagen neck functional 

disability scale (CNFDS) [25], current perc eived health 42 profile (CPH42) [12], NDI 

[13], sickness impact profil e (SIP) [14], and the WDQ] [15], were selected by three 

authors (MSch, MSt, PS), based on full text  articles, and after judging the original 
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questionnaires. This selection was compared  with the selection of self-assessment 

questionnaires by Nordin et al. [7]. Two questionnaires re ported by Nordin et al. 

(problem elicitation technique, and VAS) were not included in this study, because 

they do not contain a fixed number of ac tivity limitations and/or participation 

restrictions. In a consensu s meeting with three of the authors (MSch, MSt, PS), 

questionnaire items which seem to meas ure activity limitations and/or 

participation restrictions, were selecte d, using the ICF linking rules [23]. 

Twenty-six activity limitations and/or part icipation restrictions were selected from 

literature and compared wi th the results of proce dure 1 and procedure 2 (see 

Table 2). Compared to this list of activity  limitations and participation restrictions 

suggested by experts and by  patients, no new items were found in the screened 

eight questionnaires. 

The items suggested by patients (28) an d experts (22) we re combined and 

reworded in the language that was applied by the patients. Double items (15) were 

removed. This resulted in a 35-item questionnaire. A scoring system for the WAL 

was chosen based on suggestions of the ex perts, and was also based on the ICF 

severity score (0, no problem; 1, mild pr oblem; 2, moderate problem; 3, severe 

problem; 4, complete problem). 
 

Pilot study 

Thirteen patients with WAD were invited to participate. Ten (77%) agreed to 

participate (8 women, 2 men). Median ag e was 42.5 (range 27-60). The question-

naire was found to be relevant and und erstandable to these patients. The mean 

score for relevance of the individual item s was 7.3 out of 10 (range 5.1-9.2), and 

the mean score for comprehensibility of the separate items was 8.7 (range 7.7-

9.2). The mean score of the general appr eciation of the total questionnaire was 

7.8 (range 6-10), and the score for the instruction of the questionnaire was 6.8 

(range 4.0-8.0). The mean appreciation of the scoring method was 7.3 (range 2-

10). In response to the results of the pi lot study, some minor revisions were made 

in the wording of the items and the instruction. 
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Table 1  Demographic data patients with WAD, time since injury, and 

type of injury ( N = 69) 

 Women 

(N = 53) 76.8% 

Men 

(N = 16) 23.2% 

Age (years): median (range) 40 (22-64) 49.5 (21-68) 

Time since collision (months) 12 (2-120) 9 (3-42) 

  (median, range)   

Type of injury (n)   

  Rear end collision 42 12 

  Front collision 2 1 

  Side impact collision 2  

  Sport injury 2  

  Other injury 5 3 

Total NDI score   

  Mean (SD) 26.9 (7.9) 23.4 (8.9) 

  Range 10-47 8-39 

Total NBQ score   

  Mean (SD) 46.3 (13.8) 40.5 (14.3) 

  Range 12-69 20-61 

WAD whiplash-associated disorders, NDI neck disability index, NBQ neck Bournemouth 

questionnaire, SD standard deviation 
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Table 2  Activity limitations (AL) and participation restrictions (PR) suggested by patients ( N = 69) 
(after removing <10% suggestio ns patients) and experts ( N = 13); compared with questionnaires 
for the evaluation of function and disabi lity in patients with cervical pain 
Activity limitation/ 
participation restriction  

ICF code Number of 
patients (%) who 
suggested the 
AL/PR 

Number of 
experts (%) who 
suggested the 
AL/PR 

Questionnaires which contain 
suggested items by experts and 
patients  

Learning and applying knowledge     
Focusing attention d160  12 (92.3) SIP 
Reading d166 22 (31.9) 10 (76.9) CNFDS; NDI; NBQ; NPNPQ; 
Solving complex problems d1751  6 (46.2)  

General tasks and demands     
Undertaking multiple tasks d220 10 (14.5) 10 (76.9) CPH42 

Handling stress and other psychological  
demands 

d240  12 (92.3)  

Communication     
Conversation d350 10 (14.5)   
Using writing machines d3601 13 (18.8)  SIP 

Mobility      
Bending d4105 7 (10.1) 3 (23.1) CPH42; SIP 
Maintaining a sitting position d4153 15 (21.7)  SIP 
Transferring oneself, unspecified a d4209  11 (84.6)  
Lifting and carrying objects d430 36 (52.2) 9 (69.2) CNFDS; NDI; NBQ; NPNPQ; SIP 
Reaching d4452 13 (18.8)  CPH42 

Catching d4455  1 (7.7)  
Walking and moving d450 12 (17.4)  SIP 
Moving around d455  3 (23.1)  
Climbing d4551 11 (16.0)  CPH42; SIP 
Running d4552 12 (17.4) 5 (38.5)  
Jumping d4553  5 (38.5)  
Using transportation d470 8 (11.6)   
Driving human-powered transportation d4750 14 (20.3)   
Driving motorized vehicles d4751 34 (49.3) 9 (69.2) NDI; NPNPQ; WDQ; EABPS; NBQ 

Self-care     
Washing oneself d510   NDI; WDQ; SIP 

Caring for body parts d520  9 (69.2) CNFDS 
Dressing d540 13 (18.8)  CNFDS; NDI; WDQ; SIP; NBQ 

Domestic life     
Shopping d6200 11 (16.0) 8 (61.5)  

Household tasks d630 14 (20.3) 3 (23.1) SIP 
Doing housework d640  11 (84.6) SIP; NBQ 

Cleaning living area d6402 24 (34.8)  SIP 
Using household appliances d6403 28 (40.6)   
Disposing of garbage  d6405 8 (11.6)   

Interpersonal interactions and relationships      
Basic interpersonal interactions d710 8 (11.6)   
Complex interpersonal interactions d720 11 (16.0)  CNFDS; NPNPQ; WDQ; NBQ 
Family relationships d760 12 (17.4)   
Sexual relationships d7702 11 (16.0) 7 (53.8) EABPS; SIP 

 

 
Table continues 
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Table 2  continued.  
Activity limitation/ 
participation restriction  

ICF code Number of 

patients (%) who 

suggested the 

AL/PR 

Number of 

experts (%) who 

suggested the 

AL/PR 

Questionnaires which 

contain suggested items 

by experts and patients 

Major life areas     

School education d820  6 (46.2) WDQ 
Remunerative employment d850 27 (39.1) 13 (100) NDI; NPNPQ; WDQ; 

EABPS; NBQ 
Community, social and civic life     

Recreation and leisure d920  12 (92.3) EABPS; SIP; NBQ 

Community life d910  6 (46.2)  

Sports d9201 56 (81.2) 9 (69.2) WDQ 
Arts and culture d9202 7 (10.1)  SIP 
Socializing d9205 7 (10.1)  CPH42; SIP; NBQ 

MACTAR McMaster Toronto arthritis patient preference disability questionnaire, CNFDS Copenhagen neck functional 

disability scale; CPH42 current perceived health 42 profile, EABPS extended Aberdeen back pain scale, NDI neck 

disability index, NBQ neck Bournemouth questionnaire, NPNPQ Northwick Park neck pain questionnaire, SIP 

sickness impact profile, WDQ whiplash disability questionnaire, ICF The International Classification of Human 

Functioning Disability and Health 
a Suggested by the experts: rotating the head and the cervical spine while sitting in a car 

 

 
 
 

 
Table 3  Characteristics of the experts ( N = 13) 

Mean age in years (range)     43.1 (29-54) 

Profession 

   Physical therapist      8 

   Occupational therapist     3 

   Physiatrist       2 

Work setting (number)  

  Rehabilitation center      8 

  Primary care setting      5 

Mean of number of WAD patients per month (range)   5.2 (3-10) 

WAD whiplash-associated disorders  
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DISCUSSION 
 

The aim of this study was to develop a condition-specific questionnaire for WAD 

patients, which measures activity limita tions and participation restrictions, in 

accordance with the ICF. 

In literature, there is an on-going disc ussion concerning the use of diagnostic 

instruments that are based on a theoretical framework, i.e., the ICF. Existing 

questionnaires for WAD are not primarily ba sed on the ICF. If a questionnaire is 

not primarily based on the ICF, it is di fficult to compare comp onents of functioning 

and health, like ‘‘impairments'' versus ‘‘activity limitations''. This new questionnaire 

has a potential advantage over existing  questionnaires becau se the instrument is 

developed within the conceptual framewor k, and measures the constructs of the 

framework purely. 

The WAL was based on expert opinions, pa tients' experiences, and on existing 

questionnaires, meaning that it has fa ce and content validity. The WAL is 

condition-specific, is framed within the ICF and is clinically appl icable (brevity and 

simplicity). The ICF allows clinicians to  comprehensively describe and categorize 

functioning and disability in a systemat ic and standardized way. An instrument 

that uses the ICF as conceptual framewor k allows clinicians to assess severity of 

the health problem and facilitates clinical reasoning [5]. 

Our study does have its limitations though. Fi rstly, all the patients who participated 

in this study followed regular treatmen t programs for physioth erapy, which might 

have been of influence on the suggested it ems they provided. And, it is unknown 

whether the sample in our study is repres entative for the population of patients 

with WAD, as we did not check clinical characteristics of pa tients who refused to 

participate in our study. There is possibly some selection bias. In addition, patients' 

suggestions were based on MACTAR data. Cl inicians should be adequately trained 

on how to use the MACTAR co rrectly. In our study, we did not check the level of 

experience with the MACTAR. A different use of the MACTAR can lead to biased 

data. The MACTAR is normally used and va lidated for other types of conditions. A 

parallel study, however, showed the approp riateness of the methodology [22, 23]. 

Furthermore, we used a Delphi method to obtain expert opinions. The success of 

such a strategy rests on characteristics of the experts. We did not use sound 

criteria for the assessment of the partic ipants' level of expertise. In the Delphi 

study, the cut-off point for in cluding items was set at 10%,  which is arbitrary. To 

our knowledge no methodological criter ia are available concerning decision 
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making in item selection in relation to the development of a questionnaire. It is 

worthwhile to develop such criteria. 

Prior to using the WAL in practice it has to be validated in a representative sample 

of the population. Therefore, the next ste ps in the development of this instrument 

are to evaluate its reproducibility and con struct validity, both cross-sectional and 

longitudinal, and to estimate the minimally important change score. 

In conclusion, the WAL measures activity limitations and participation restrictions 

in patients with WAD. The WAL is a first step in the development of a clinically 

applicable instrument. Further resear ch must focus on th e validation and 

generalizability of this questionnaire. 
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APPENDIX 
 

Concept version of the whiplash ac tivity and participation list (WAL) 

Focusing attention 

Reading 

Solving complex problems 

Undertaking multiple tasks 

Handling stress 

Conversing 

Using a desktop computer or laptop 

Bending over 

Maintaining a sitting position 

Looking over the shoulder 

Lifting and carrying objects 

Prolonged walking 

Running 

Overhead work 

Using public transportation (bus, train or subway) 

Cycling 

Driving a motor vehicle (such as an automobile or motorcycle)  

Wash or shower 

Caring for body parts (such as face, teeth) or washing hair  

To dress or undress 

Shopping 

Preparing meals (slicing , cooking, etc.,) 

Doing housework (cleaning, washing clothes, window cleaning, etc.,) 

Using household appliances (such as vacuum cleaners) 

Gardening 

Interacting with people (such as friends, co-workers, partner, and 

children) 

Maintaining relationships 

Sexuality 

Following education or training 

Work (maintaining a job, performing volunteer work) 

Engaging in recreational activity (such as sightseeing or visiting an amusement park) 

Engaging in social activities (such as organized religious ceremonies, political events or 

activities in a social club) 

Sports 

Going out (such as going to the theater, cinema or museum) 

Visiting friends or relatives 
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