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Background
Range of motion (ROM) is a standard test and 
measure used during the examination of patients 

with cervical spine disorders.1,2 Overall, cervical 
ROM decreases with age,2–4 with transverse plane 
motion (i.e. rotation) decreasing 3–4° every 
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Abstract
Background: Active cervical spine rotation (ACROM Rot) shows cervical rotation and flexion 
rotation test (FRT); side-bending rotation test (SBRT) and upper cervical axial rotation test 
(C0–C2ART) are described to measure upper cervical rotation. The objectives of this study are 
(1) to describe the normal range of motion (ROM) of ACROM Rot, and the ROM in FRT, SBRT 
and C0–C2ART tests; (2) to explore the correlation among the four tests and (3) to investigate 
the influence of age and sex in their ROM.
Methods: A cross-sectional study was carried out with healthy volunteers from 18 to 75 years 
of age. Tests were measured using a CROM device and a bubble inclinometer. Descriptive 
analysis was performed to establish normative data for the ROM tests. Correlation analysis 
was conducted to understand the relation between upper and global cervical rotation ROM and 
among the three upper cervical rotation tests. Linear regression models were developed to 
understand the influence of age and sex in the ROM of all tests.
Results: Normative values were obtained from 122 healthy volunteers (50% male), by sex and 
age strata. The degree of correlation ranged between 0.582 (p < 0.01) for FRT and ACROM 
Rot left and 0.217 (p < 0.05) for SBRT and C0–C2ART left. Linear regression models showed 
the influence of sex for ACROM Rot right (men −4.64° less than women), SBRT (men −4.1° 
less than women) left and C0–C2ART right and left (men −2.24° and −1.78° less than women). 
The age influenced rotation ROM with a decrease for every 10 years of −2.11° and −1.96° for 
ACROM Rot right and left, of −1.72° and −1.26° for FRT right and left and −0.58° and −0.41° for 
C0–C2ART right and left in the linear regression models. No association was found between 
age and SBRT (p = 0.63 for right SBRT and p = 0.49 for left SBRT).
Conclusion: Weak-to-moderate correlation was found between the upper cervical spine 
rotation tests and with the ACROM. Women had a larger ROM in ACROM Rot right, SBRT left 
and C0–C2ART. Decreases in ROM related with age were observed for ACROM Rot, FRT and 
C0–C2ART but not for SBRT.
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decade.5 Women tend to present with greater 
mobility than men, although differences are not 
usually statistically significant.6 Cervical trans-
verse plane ROM is generally the most impaired.7 
Physiologically, cervical rotation is not uniformly 
distributed between the upper and lower cervical 
spinal regions, with upper cervical (UC) account-
ing for 60% of the available motion.8–10

A number of person-dependent characteristics 
have been proposed that may influence ROM in 
the cervical spine. Habits and postures related 
with occupational demands such as sitting hours 
or use of data display screens are a risk factor for 
developing neck pain.11–13 Psychological status, 
anxiety and depression are related with the risk of 
developing neck pain.12,14 Frequent exercise has 
been shown to reduce the risk of developing neck 
pain.12–14 Pathologies, such as visual deficits,15 or 
temporomandibular complaints, such as brux-
ism,16 may impact the mobility of the cervical 
spine due to the changes in head position and ten-
sion in muscle structures. Drug use is one of the 
main strategies in managing neck pain and indic-
ative of symptoms.17,18 Neck pain and disability 
are related with changes in the ROM of the cervi-
cal spine.19–22

Full axial rotation ROM at C1–C2 is generally 
accepted to be approximately 40–45°,23 with most 
in vivo studies reporting values between 36° and 
41°.10,24–28 However, there is a wide variability in 
the literature regarding the amount of UC rota-
tion among the UC rotation ROM tests: the flex-
ion rotation test (FRT), the side-bending rotation 
test (SBRT) and the C0–C2 axial rotation test 
(C0–C2ART). For example, UC rotation found 
in the FRT was described three times larger than 
in the C0–C2ART.29

The FRT measures C1–C2 rotation, predomi-
nantly, after the cervical spine is prepositioned 
into maximal ventral flexion in supine.30 The nor-
mal ROM of the FRT is expected to be 44° to 
each side with 34° as a cut-off value for a positive 
test.31 UC rotation ROM is one of the most accu-
rate and reliable examinations for cervicogenic 
headache.32 Furthermore, the severity of cervico-
genic headache is inversely correlated with the 
FRT ROM.31,33 Smith et al.19 concluded that age 
and sex did not significantly influence FRT 
ROM. However, Schäfer et al.34 recently found a 
decrease in total rotation FRT of 0.55° per year.

The SBRT is a clinical test used to examine UC 
rotation by prepositioning the cervical spine in 
maximal contralateral side bending in supine. 
Swanson et al.35 determined a ROM around 37° 
to each side in young and asymptomatic subjects. 
Cattryse et al.36 performed an in vitro study that 
used a similar locking technique and obtained 
55.13° of total rotation at C1–C2. However, no 
study has investigated the clinical utility of this 
test and the effect of age and sex on this test.

C0–C2ART, also called the rotation stress test, 
measures UC rotation with manual stabilization 
of the C2 vertebra with the patient seated. 
Therefore, this test is differentiated from FRT or 
SBRT since no end-range movement of the lower 
cervical spine is used. Theoretically, a more spe-
cific motion is generated in the UC spine.37 
Satpute et al.37 reported a 15.4° (right rotation) 
and 14.4° (left rotation). Osmotherly et  al.38 
measured a right rotation of 10.58° of UC axial 
rotation by magnetic resonance (MR) in young 
and asymptomatic subjects from a supine posi-
tion. C0–C2ART is commonly used as a screen-
ing test for ruling out UC instability.39 Satpute 
et al.37 identified a significant positive correlation 
between FRT and C0–C2ART, although FRT 
had almost three times more rotation than the 
C0–C2ART. No study has investigated the clini-
cal utility of this test and the effect of age and sex 
on this test.

Efficient clinical examination of patients with cer-
vical spine-related complaints is fundamental to 
establish baselines, define physical therapy objec-
tives and interventions, and evaluate the patient 
progress.40,41 Understanding the normal ROM 
values and relationship among the different tests 
for measuring UC rotation could permit the clini-
cians to the election of the most useful test 
depending on the patient characteristics.

A deeper knowledge about the normal values, 
their variability between sex and age strata, and 
the correlation among these UC rotation ROM 
tests would help make a UC rotation ROM 
diagnosis.

Objectives
The primary purpose of this study was to describe 
the normal UC rotation ROM values in healthy 
subjects. The secondary purpose was to describe 
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the correlations among the active cervical spine 
rotation (ACROM Rot), FRT, SBRT and C0–
C2ART. The third purpose of this study was to 
investigate how sex and age influence the rotation 
ROM in these tests.

Methodology

Ethics
The study was conducted according to the 
Declaration of Helsinki and approved by the 
Research Ethics Committee of the Universitat 
Internacional de Catalunya (FIS-2020-03). 
Informed consent for publication was provided 
by the person in the figures of the article.

Sample size
The sample size for estimating population means 
was calculated using the software GRANMO-
IMIM V 7.12 online version.42 The calculations 
were done for the Spanish population, 47 million 
people, with an accuracy of 3° without an esti-
mate of replacements. The sample size was calcu-
lated for ACROM Rot with an SD of 16,43 for the 
FRT with an SD of 7.3,44 for the SBRT with an 
SD of 3.835 and for the C0–C2ART with an SD 
of 2.8.37 The sample size estimations were 110 
participants for ACROM Rot, 23 participants for 
FRT, 7 participants for SBRT and 4 participants 
for C0–C2ART. The most conservative was used 
for sample size calculations (110 participants for 
ACROM) and for the recruitment of 10 males 
and 10 females for each of the six age strata (120 
participants).

Design
A cross-sectional study design was used to inves-
tigate the rotation ROM of the cervical and UC 
spine in healthy people, stratified by sex and age. 
A convenience sample was recruited through an 
advertisement within the university community. 
Samples were collected from volunteers who 
answered the call on a first-come, first-served 
basis. Participants were stratified by sex and age 
in each of the six age strata (18–25/26–35/36–
45/46–55/56–65/66-75 years) until 10 women 
and 10 men were assigned to each age group. 
Data were collected from November 2020 to 
April 2021 at Universitat Internacional de 
Catalunya (Sant Cugat del Vallés, Spain). 
Participants were excluded if they had 

any condition that might affect cervical ROM, 
including a medically diagnosed neck condition 
or having received treatment for neck pain in the 
last year, whiplash, head trauma, acute infection, 
recent surgery or if they were currently pregnant. 
Overall, 10 females and 10 males were recruited 
from each of the six age strata. All participants 
signed an informed consent form.

Variables
The dependent variables were active cervical 
ROM in the transverse plane (ACROM Rot) and 
UC mobility tests (FRT, SBRT, C0–C2ART). 
Independent variables were age, sex, daily hours 
of use of data display screens (continuous), daily 
sitting hours (continuous), weekly hours and days 
of physical activity (continuous), visual handicap 
(discrete yes/no), use of a dental splint (discrete 
yes/no), drug use (discrete yes/no), having neck 
pain during last year (discrete yes/no) and at the 
moment of the measurement (discrete yes/
no),12,19,45–47 Hospital Anxiety and Depression 
Scale (HADS)(ICC: 0.85–0.91)48 (continuous) 
and Neck Disability Index (NDI) (ICC: 0.88)49 
(continuous).

Methods
Electronic questionnaires were used to collect all 
non-ROM data. ROM measurements were taken 
following a warm-up. Participants were asked to 
perform three active movements until the end 
range in each direction of the sagittal, frontal and 
transverse plane. All participants were measured 
by the same physiotherapist, who had 10 years of 
clinical and teaching experience.

ACROM Rot
ACROM device (Performance Attainment 
Associates, Roseville, MN) was used to measure 
ACROM Rot according to Youdas et  al.43 and 
Audette et al.50 in sitting position. Test retest reli-
ability ICC is 0.92–0.95.50 Following the warm-
up, each participant performed three axial 
rotations to the right and the left. Participants 
were instructed to turn as far as possible or stop at 
the point where they experienced symptoms. The 
examiner monitored and avoided compensatory 
movements. Three repetitions were performed 
and measured using the CROM. Each repetition 
was then averaged for data analysis. The intrat-
ester ICC for the right and left rotation is 0.80 
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and 0.84 when measured with the CROM 
device.43

FRT
ROM of the FRT was measured using a CROM 
device according to Hall et al.31 First, the partici-
pant was positioned in supine with their cervical 
spine flexed maximally until the CROM compass 
was horizontal. Next, the participant’s head rota-
tion was rotated three times in both directions 
until symptoms were reported and the therapist 
felt a firm resistance. CROM measurements were 
taken after each repetition and averaged. 
Intratester ICC is 0.95–0.97.51 The inter-exam-
iner ICC is 0.9331 (Figure 1).

SBRT
ROM of the SBRT was measured according to 
Swanson et  al.35 using a bubble inclinometer 
(Baseline bubble Inclinometer; Fabrication 
Enterprises, White Plains, NY) attached to the 
upper arm of the CROM. The participant was 
positioned in supine with their cervical spine maxi-
mally side bent to one side. From this position, 
contralateral rotation was performed three times 
until symptoms were reported and the therapist felt 
a firm resistance. SBRT measurements were taken 
after each repetition and averaged (Figure 2).

C0–C2ART
CROM device was used to measure rotation 
ROM between the cranium (C0) and the axis 
(C2) according to Satpute et al.37 The participant 
was positioned in sitting. Using this method, the 
tester places their hand on the top of the partici-
pant’s head, under the cranial crossbar of the 
CROM. The tester then uses their other hand to 
stabilize C2 posteriorly. Next, the index finger 
was placed on the contralateral side of the spinous 
process and the thumb on the ipsilateral lamina 
while using the head contact to rotate the head 
left and right. Rotation was performed until 
symptoms were reported and the therapist felt a 
firm resistance. Measurements were taken after 
each repetition and averaged. The ICC reported 
for this test using compass application for iPhone 
ranged from 0.88 to 0.9137 (Figure 3).

Statistical analysis.  Medians and interquartile 
ranges (IQR) or frequencies and percentages for 
independent and dependent variables in the entire 

sample were calculated to describe the results 
obtained and establish normal values for ROM 
tests.

Figure 1.  FRT.

Figure 2.  SBRT.
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A study of normality of the ROM variables was 
performed using a Kolmogorov–Smirnov test to 
determine if Pearson’s or Spearman’s Rho should 
be applied. A pairwise correlation analysis was 
performed to estimate the association between 
the scores of the four tests of interest. The follow-
ing relationships were considered: r < 0.3 weak, 
0.3 ⩽ r ⩽ 0.5 moderate and r > 0.5 strong.52

Linear regression models (LRMs) were used to 
quantify the influence of sex and age on the ROM 
for the different tests.

First, a univariate LRM was performed to estimate 
how sex influenced the score of each test. Next, 
multiple univariate models were developed for each 
of the independent variables to observe how these 
variables influence the dependent variable. The 
final adjusted multivariate model only contained 
those covariates which had a p-value less than 0.05 
in the univariate analysis. However, the variable age 
strata were kept in the model in all cases.

In all models, the coefficients of regression and 
95% confidence intervals (CIs) were the parame-
ters of interest. The coefficient for the variable sex 
and its 95% CIs represents the influence of being 

a man (compared to being a woman) on the 
scoring.

A similar procedure was followed to determine 
the influence of age on the ROM for the different 
tests. The adjusted model included only covari-
ates less than 0.05 in the univariate analysis. 
Here, the coefficient for the variable age strata 
and its 95% CIs represents the influence of being 
10 years older on the scoring.

LRM’s hypothesis was assessed, and the results 
suggested normality, linearity, homoscedasticity 
and absence of multicollinearity.

All analyses were done with IBM SPSS statistics 20.

Results
The results are presented in three sections. The 
first section provides the descriptive analysis for 
the entire sample and correlations found between 
the scores of the four tests. The second and the 
third sections provide the results of the regression 
models for sex and age strata.

Results for all the sample
Overall, 128 subjects were measured and 6 were 
excluded due to not meeting the inclusion and 
exclusion criteria (higher frequency of headaches, 
cervical treatment, whiplash during the last year 
and a condition affecting cervical ROM). Finally, 
data from 122 participants (61 females) between 
18 and 75 years of age were analysed. The mean 
age of the participants was 45.16 (±16.76). The 
descriptive analysis for all the participants’ inde-
pendent variables is provided in Table 1.

The ROM for the four tests performed (ACROM, 
FRT, SBRT and C0–C2ART) is presented in 
Table 2.

A study of normality was performed. The 
Kolmogorov–Smirnov values showed non-nor-
mal distribution of the variables: ACROM Rot 
right, FRT left, SBRT left and C0–C2ART to 
both sides (p < 0.05).

A correlation study between the results of the four 
tests (both right and left sides) was carried out 
using the Spearman’s Rho test because of the 
non-normal distribution of most of the variables. 
A statistically significant correlation was found 

Figure 3.  C0–C2 axial rotation.
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between the results of all the tests for both sides 
(Tables 3 and 4). In right rotation, statistically 
significant correlations (p < 0.01) were found 
among the tests. The larger correlation value was 
found between ACROM Rot and FRT (0.555; 
p < 0.01) and the lesser correlation between 
SBRT and C0–C2ART (0.253; p < 0.05) and 
FRT and C0–C2ART (0.256; p < 0.01). A mod-
erate correlation was found between ACROM 
Rot and SBRT (0.380; p < 0.01) and C0–C2ART 
(0.384; p < 0.01) and between FRT and SBRT 
(0.471; p < 0.01).

In left rotation, the same Spearman’s correlation 
test was carried out due to the non-normal distribu-
tion of the variables. There were significant correla-
tions between all the left side rotation measurements 
(p < 0.05) (Table 4). As in right rotation, the larger 
correlation was found between FRT and ACROM 
Rot (0.582; p < 0.01) and the lesser between SBRT 
and C0–C2ART (0.217; p < 0.05). Moderate cor-
relations were found between ACROM Rot and 
FRT with C0–C2ART (0.413; p < 0.01 and 0.426; 
p < 0.01, respectively). Weak relationships were 
found for the rest of pairs analysed.

Results by sex
Means and standard deviations of rotation tests 
by sex are shown in Table 5. Results show that 

Table 1.  Descriptive data for independent variables in all the sample as 
median and IQR or frequency and percentage.

N = 122 Median IQR

Age 45.50 28.25

Hours of use of data display screens/day 8 7

Sitting hours/day 8 5.5

Hours of physical activity/week 6 6.13

Days of physical activity/week 4 4

HADS tot (42) 6 7

NDI (50) 1 2

  Frequency Percentage

Men 61 50

Women 61 50

Visual handicap 83 68

Dental splint 29 23.8

Drug use 34 27.9

Neck pain during last year 48 39.3

Current neck pain 12 9.8

HADS, Hospital Anxiety and Depression Scale; NDI, Neck Disability Index.

Table 2.  Descriptive data for the dependent variables as minimum, maximum, median and IQR.

N = 122 Minimum Maximum Median IQR

ACROM Rot right (°) 29.33 79.33 60.66 9.41

ACROM Rot left (°) 35.33 86.00 61.33 10.75

ROM FRT right (°) 22.67 70.00 45.33 11.33

ROM FRT left (°) 16.67 61.33 43.50 8.17

ROM SBRT right (°) 4.17 62.67 31.25 13.96

ROM SBRT left (°) 8.33 71.67 35.17 12.83

ROM C0–C2ART right (°) 1.33 16.00 6.00 4.67

ROM C0–C2ART left (°) 2.00 18.67 6.67 3.67

(°), degree; ACROM Rot, active cervical spine rotation; C0–C2ART, upper cervical axial rotation test; FRT, flexion rotation 
test; SBRT, side-bending rotation test.
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men tended to have less ROM than women in 
ACROM Rot and all UC rotation tests. Regression 
analysis found that the sex was significant 
(p < 0.05) in the adjusted LRM for the ACROM 
Rot right, SBRT left, C0–C2ART right and C0–
C2ART left. In our predictive model, comparing/
evaluating a male instead of a female showed a 
ROM reduction of: −4.64° (CI 95%: −7.25 to 
−2.04; p = 0.001) in ACROM Right Rot; −4.1° 
(CI 95%: −7.97 to −0.23; p = 0.038) in SBRT 

left; −2.24° (CI 95%: −3.24 to −1.25; p < 0.001) 
and −1.78° (CI 95%: −2.79 to −0.76; p = 0.001) 
for right and left C0–C2ART, respectively.

Results by age strata
Means and standard deviations by age strata for 
each test are presented in Table 6. The cervical 
ROM in ACROM Rot and all UC rotation tests 
was reduced as the age increased, except in the 

Table 3.  Correlations between means of rotation ROM tests to the right side.

N = 122 ACROM Rot FRT SBRT C0–C2 ART

ACROM Rot Rho of Spearman – 0.555** 0.380** 0.384**

p – 0.000 0.000 0.000

FRT Rho of Spearman 0.555** – 0.471** 0.256**

p 0.000 – 0.000 0.004

SBRT Rho of Spearman 0.380** 0.471** – 0.253**

p 0.000 0.000 – 0.005

C0–C2ART Rho of Spearman 0.384** 0.256** 0.253** –

p 0.000 0.004 0.005 –

ACROM Rot, active cervical spine rotation, C0–C2ART, upper cervical axial rotation test; FRT, flexion rotation test; SBRT, 
side-bending rotation test.
**Significant correlation at level 0.01 (bilateral).

Table 4.  Correlations between means of rotation ROM tests to the left side.

N = 122 ACROM Rot FRT SBRT C0–C2 ART

ACROM Rot Rho of Spearman – 0.582** 0.228* 0.413**

  p – 0.000 0.011 0.000

FRT Rho of Spearman 0.582** – 0.262** 0.426**

  p 0.000 – 0.004 0.000

SBRT Rho of Spearman 0.228* 0.262** – 0.217*

  p 0.011 0.004 – 0.017

C0–C2ART Rho of Spearman 0.413** 0.426** 0.217* –

  p 0.000 0.000 0.017 –

ACROM Rot, active cervical spine rotation; C0–C2ART, upper cervical axial rotation test; FRT, flexion rotation test; SBRT, 
side-bending rotation test.
*Significant correlation at level 0.05 (bilateral).
**Significant correlation at level 0.01 (bilateral).
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case of SBRT. This information is corroborated 
by the LRM that shows this relationship between 
the age and the decrease in the ROM of ACROM 
Rot, FRT and C0–C2ART in every case to both 
sides.

Coefficients showed the reduction of ROM pro-
duced with every decade of life. The adjusted 
LRMs confirmed the results obtained in the non-
adjusted models. Being 10-year older decrease 
ACROM Right Rot [−2.11° (CI 95%: −2.87 to 
−1.35); p < 0.001]; ACROM Left Rot [−1.96° 
(CI 95%: −2.77 to −1.14); p < 0.001]; FRT right 
(−1.72° (CI 95%: −2.53 to −0.9); p < 0.001]; 
FRT left [−1.26° (CI 95%: −1.94 to −0.57); 
p < 0.001]; C0–C2ART right [−0.58° (CI 95%: 
−0.9 to −0.27); p < 0.001] and C0–C2ART left 
[−0.41° (CI 95%: −0.71/−0.11); p < 0.01].

Discussion
This study examines active cervical rotation ROM 
and ROM in the FRT, SBRT and C0–C2 axial 
rotation test in a sample of asymptomatic and 
subclinical neck pain participants. A weak or 
moderate correlation was found among the UC 
rotation tests except for the FRT and ACROM 
Rot which showed a strong correlation. Regression 
linear models were developed to examine the 
relationship between sex and age and the ROM of 
the cervical and UC rotation tests. Men tended to 
display a reduced ROM compared to women in 
all tests. Age had a negative influence on ROM in 
all movements except for SBRT in both 
directions.

Descriptive study
ACROM Rot.  The results [left rotation 61.28 
(±8.50); right 60.89 (±8.37)] are in the lower 
margin of the angular values (60–86°) described 
by Chen et  al.6 in their meta-analysis. Our data 
were also less than the unilateral ROM of approx-
imately 75° described by Smith et  al.19 and the 
70° described by Hanney et al.53 in an asymptom-
atic sample of 18–50 years and in asymptomatic 
women.54 The results are also lower than the 
asymptomatic groups of Hall and Robinson33 and 
Oliveira-Souza et al.55 and slightly higher than the 
results of Audette et al.50 However, these studies 
did not include both sexes and age ranges from 18 
to 75 years. In a more comparable study, Schäffer 
et  al.34 studied 220 asymptomatic subjects (124 
male) from 18 to 90 years of age finding a total 

transverse ROM of 154.2° (±25.5). Schäffer 
et  al.34 did not include subclinical neck pain 
patients, performed, and measured only one rep-
etition of rotation, and did not indicate if com-
pensatory movements of adjacent regions were 
monitored. These variations could explain the 
increased rotation ROM reported by Schäffer 
et al.34 compared to our study.

FRT.  Angular values for right FRT, 46.53 (±8.28), 
and left FRT, 43.88 (±6.79), are within the upper 
and lower margins of ROM described for FRT in 
asymptomatic subjects (40.8–46.4°)19,31,33–35,37, 

55–59 Despite the different participant demograph-
ics or measurements, physiological FRT ROM is 
consistent throughout the various studies.

SBRT.  In spite of being used clinically,60 the 
SBRT has not been widely studied in the litera-
ture. Our SBRT ROM [32.01 (±12.05) and 
36.48 (±10.93) for right and left SBRT, respec-
tively] was similar to the study of Swanson et al.35 
for asymptomatic subjects. Their results were 
37.6 (±4.3) and 37.7 (±4.2) for right and left 
SBRT, respectively. In our sample for the age 
group that contains the age of Swanson’s sample 
(26–35 years), results were 33.25 (±14) and 
38.36 (±14.64), respectively. The slight differ-
ences observed can be due to the participant vari-
ations and the measurement instrument (bubble 
inclinometer versus digital goniometer).

C0–C2ART.  The values of C0–C2ART or the sim-
ilar rotation stress test [right 7.78° (±3.85) and 
left 8.03° (±3.18)] are inferior to the values of 
Satpute et  al.37 [15.44° (±2.68) and 14.43° 
(±2.94) for right and left, respectively] and to the 
values of Osmotherly et  al.38 [reporting a mean 
value of 10.58° (±5.12) for C0–C2ART in 
supine]. These differences can be explained by 
the ROM measurement (smartphone app for Sat-
pute et al.37 an MRI measurement after maintain-
ing the end position of the test during 3 min for 
Osmotherly et al.38 and a CROM device for our 
study). Also, differences in how C2 was stabilized 
by examiners, and patient position, and partici-
pant ethnicity61 could partly explain these ROM 
differences. Clearly, the values from these studies 
are far from the largest physiological ROM con-
sidered clinically normal for the rotation stress 
test (35–40°) with a firm end feel.62 Bosczcyk 
et  al.63 concluded that coupled motion in the 
frontal and sagittal planes might be necessary to 
explain the physiological UC rotation ROM. This 
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may partly explain the limited UC rotation ROM 
during the C0–C2ART in our study, as no cou-
pled motions are allowed during the test. Also, 
our values reinforce the idea that the threshold 
ROM values for considering an unstable UC 
spine should be revisited as Osmotherly et  al.38 
described.

The values obtained in this study allow clinicians 
to have a reference to compare the ROM of the 
different UC rotation tests in healthy and sub-
clinical neck subjects. Knowing the relationship 
among the different rotation tests will allow the 
therapist to choose the most suitable test accord-
ing to the patient’s characteristics.

Correlations
This study performed a correlation analysis to 
understand better the relationship among FRT, 
SBRT and C0–C2ART for the measurement of 
passive UC rotation ROM. The main difference 
among them is the type of stabilization of C2 and 
the lower cervical segments. While the FRT prep-
ositions all cervical segments in maximal flexion 

and SBRT in maximal opposite side bending to 
the tested rotation, C0–C2ART stabilizes C2 
manually in the neutral position. Theoretically, 
this means that C0–C2ART measures UC rota-
tion from a neutral position and isolates UC rota-
tion more than the FRT and SBRT. Both FRT 
and SBRT measure rotation from a flexed or side 
bent UC starting position while tightening all 
upper and lower cervical articular and peri-artic-
ular tissues.

This study found significant correlations among 
all UC tests with the ACROM Rot but with dif-
fering degrees of correlation. Approximately 60% 
of the cervical rotation ROM is believed to occur 
in the UC.9,10 FRT showed a stronger correlation 
(0.55–0.58) while C0–C2ART (0.38–0.41) and 
SBRT (0.38–0.22) showed a moderate and weak 
correlation with ACROM Rot. These results may 
reinforce FRT for measuring UC rotation in 
asymptomatic/subclinical subjects. Takasaki 
et  al.30 validated that UC segments maintained 
73.5% of their rotation during FRT compared to 
cervical rotation from a neutral position in asymp-
tomatic subjects. However, in the same study, 

Table 5.  Medians and IQR of ROM tests and coefficients of LRMs by sex.

Men Women Unadjusted difference between 
men and women (CI 95%)

Adjusted difference between men 
and women (CI 95%)

Adjusted by

  Median (IQR) Median (IQR) Value p Value p

ACROM Rot right (°) 59.33 (9.67) 62 (10.33) −4.11 CI 95%:
(−7.03 to −1.19)

0.006 −4.64 CI 95%:
(−7.25 to −2.04)

0.001 Age strata and 
NDI

ACROM Rot left (°) 59.33 (10.33) 62 (10.67) −2.13 CI 95%:
(−5.16 to 0.91)

0.168 −2.7 CI 95%:
(−5.47 to 0.07)

0.056 Age strata and 
NDI

FRT right (°) 44 (11) 46 (12.33) −1.77 CI 95%:
(−4.72 to 1.19)

0.239 −1.71 CI 95%:
(−4.48 to 1.06)

0.225 Age strata

FRT left (°) 43.33 (7.33) 44 (9) −1.49 CI 95%:
(−3.92 to 0.94)

0.228 −2 CI 95%:
(−4.22 to 0.22)

0.077 Age strata and 
NDI

SBRT right (°) 30.83 (11.75) 31.67 (14.58) −2.81 CI 95%:
(−7.12 to 1.5)

0.199 −3.62 CI 95%:
(−7.92 to 0.69)

0.099 Age strata and 
NDI

SBRT left (°) 33.33 (14.17) 36.67 (11.67) −3.32 CI 95%:
(−7.21 to 0.57)

0.093 −4.1 CI 95%:
(−7.97 to −0.23)

0.038 Age strata and 
NDI

C0–C2ART right (°) 4.67 (3.17) 8 (4.33) −2.38 CI 95%:
(−3.42 to −1.34)

0.000 −2.24 CI 95%:
(−3.24 to −1.25)

0.000 Age strata and 
visual handicap

C0–C2ART left (°) 6 (3.67) 8 (4) −1.79 CI 95%:
(−2.83 to −0.75)

0.001 −1.78 CI 95%:
(−2.79 to −0.76)

0.001 Age strata

(°), degree; ACROM Rot, active cervical spine rotation; C0–C2ART, upper cervical axial rotation test; CI, confidence interval; FRT, flexion rotation 
test; IQR, interquartile range; NDI, neck disability index; ROM, range of motion; SBRT, side-bending rotation test.
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FRT kept more than 25% of the rotation of C2 
and lower segments during the test, which may 
also influence its strong correlation with ACROM 
Rot. FRT is the most validated clinical test for 
diagnosing cervicogenic headache.31 However, 
more studies are needed to validate FRT for 
measuring UC rotation in patients with symp-
toms and dysfunction. C0–C2ART only showed 
a moderate correlation with ACROM Rot. 
Lorente et  al.64 reported less movement using a 
combination of rotation in flexion compared to 
axial rotation and rotation in extension in vitro. 
The most frequent coupled movements associ-
ated with UC rotation are contralateral side bend-
ing and extension10,23,26–28,65,66 C0–C2ART uses 
axial rotation, which can limit the amount of UC 
rotation measured during the test and C0–
C2ART correlation with ACROM Rot as UC 
coupled movements are not considered.

Moderate and weak correlations and a large dis-
crepancy in ROM were found among the UC 
rotation tests. These low levels of correlation and 
discrepancy in ROM may be related to the pre-
vention of the inherent coupling of rotation and 
side bending in the C0–C2 segments. FRT and 
SBRT allow C2 to move with UC rotation, 
reduce the tightening of the alar ligament system, 
allowing a larger ROM. C0–C2ART would not 
allow C2 movement throughout the test prevent-
ing this coupling of C2 motion67 and limiting UC 
rotation during this test. This may explain the 
FRT three times larger than C0–C2ART found 
by Satpute et al.37 In this study, this proportion 
was even larger. More studies are needed for a 
better understanding of the biomechanics of dif-
ferent tests.

Results by sex showed a significant relationship in 
the LRMs only for ACROM Rot right, left SBRT, 
and right and left C0–C2ART in the adjusted 
models. Although males showed less average 
ROM than females in all movements, sex did not 
show any relationship with the remaining tests. In 
ACROM Rot, Youdas et  al.43 found a linear 
regression coefficient for sex of −4.4° (right rota-
tion) and −2.2° (left rotation). These values for 
right and left rotation are similar to our results 
(−4.64° right rotation, −2.7° left rotation), but 
only the right rotation achieved significance in 
this study. Similar to Schäfer et al.,34 we found no 
relationship between FRT and sex. No studies 
have investigated the relationship between sex 
with SBRT or C0–C2ART. We found a 

relationship through LRMs of −4.1° (CI 95%: 
−7.97 to −0.23; p = 0.038) for left SBRT but not 
for the right SBRT −3.62° (CI 95%: −7.92 to 
0.69; p = 0.099). A reduced C0–C2ART ROM 
has been observed in men with a linear regression 
coefficient of −2.24° (CI 95%: −3.24 to −1.25; 
p < 0.001) for right rotation and −1.78 (CI 95%: 
−2.79 to −0.76; p = 0.001) for left rotation.

Results by age strata
Dvorak et al.45 and Smith et al.19 stated that age 
did not affect the UC ROM. Only SBRT ROM 
remained stable over the age strata. This is the 
first study to examine the interaction of age with 
SBRT. Lemmers et  al.3 observed changes in 
motion coupling associated with age, noting 
increases in side bending with age. This compen-
satory movement may explain the continued 
preservation of SBRT ROM with increasing age. 
However, our study found that age is related with 
the loss of motion in ACROM Rot, FRT and 
C0–C2ART. Changes may be explained partly by 
age-related degenerative changes.68 In ACROM 
Rot, Youdas et al.43 found a coefficient of regres-
sion for each year of age of −0.4° and −0.3° for 
the right and left rotation. Those values are 
greater than our finding of −2.11°and −1.96° per 
decade for right and left rotation. Those differ-
ences may be due to the broader age periods 
measured in Youdas et  al.43 Also, they adjusted 
the effect of sex in both values. We only per-
formed similarly for right rotation because sex did 
not show any significance in the models for left 
rotation. Pan et al.4 stated that age-related changes 
in cervical AROM are not continuous and differ 
between males and females. In FRT, previous 
studies have stated that age did not influence the 
ROM19,45 but, recently, Schäfer et  al.34 found a 
loss of ROM in FRT of −2.9° (95% CI: −3.9 to 
−1.9) in right FRT and −2.6° (95% CI: −3.5 to 
−1.6) for left FRT for each decade. This is con-
sistent with our results that showed a loss of 
motion related with age, but the loss is smaller in 
our sample [−1.72 (CI 95%: −2.53 to −0.9) for 
right FRT and −1.26 (CI 95%: −1.94 to −0.57) 
for left FRT] for each decade. Those differences 
are possibly related to the older ages included in 
the study of Schäfer et  al.34 In C0–C2ART, we 
observed a decrease of ROM related to age.

The description and correlation results among 
the ACROM Rot, FRT, SBRT and C0–C2ART 
in the same sample allow the comparison of 
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normal UC rotation ROM among these tests. 
FRT is the most validated test for detecting UC 
ROM dysfunction, but clinical conditions may 
contraindicate FRT due to lack of cervical flexion 
tolerance, and SBRT or C0–C2ART may be used 
instead. This study reports novel data about the 
relationship between age and sex with SBRT and 
C0–C2ART.

Limitations
Only one examiner performed the evaluation lim-
iting the generalizability of the results. We cannot 
extrapolate the ROM data to other populations 
with different inclusion and exclusion criteria. 
External validity is limited by the non-stratified 
sample size, and the cross-sectional design con-
ducted in a single location. Intratester reliability 
for SBRT has not been described previously, so 
results for SBRT test must be interpreted with 
caution. As this study is descriptive and correla-
tive, we cannot establish a cause–effect relation-
ship. More studies are needed to determine which 
motions are involved throughout each different 
UC rotation test.

Conclusion
The ROM values for the FRT, SBRT and C0–
C2ART had moderate-to-weak correlations, with 
a large discrepancy of UC rotation ROM among 
them. Women tend to have larger ROMs in all 
tests, but only ACROM Rot right, SBRT left and 
C0–C2ART showed statistical significance. 
ACROM Rot, FRT and C0–C2ART demon-
strated a decreased ROM with age. SBRT did not 
demonstrate a decrease in ROM with age.

Declarations

Ethics approval and consent to participate
The Research Ethics Committee of the Universitat 
Internacional de Catalunya (FIS-2020-03) 
approved the study. Written informed consent 
was obtained from all participants.

Consent for publication
Participants were asked to consent to the publica-
tion of anonymized data during the informed 
consent process.

Written informed consent for publication was 
provided by the person in the figures of the 
article.

Author contributions
Carlos Zárate-Tejero: Conceptualization, 
Investigation, Methodology, Writing – original 
draft, Writing – review & editing.

César Hidalgo-García: Conceptualization, 
Methodology, Supervision, Writing – original 
draft, Writing – review & editing.

Orosia Lucha-López: Formal analysis, 
Methodology, Writing – review & editing.

Mar Hernández-Secorún: Data curation, 
Writing – review & editing.

John Krauss: Methodology, Writing – review & 
editing.

Pere Rodríguez-Rubio: Project administration, 
Writing – review & editing.

Acknowledgements
The authors thank all the volunteers who partici-
pated in the study for the progression of 
knowledge.

Funding
The authors disclosed receipt of the following 
financial support for the research, authorship, 
and/or publication of this article: This research 
did not receive any specific grant from any fund-
ing agency in the public, commercial or not-for-
profit sectors. It was carried out with the resources 
of the Universitat Internacional de Catalunya.

Competing interests
The authors declared no potential conflicts of 
interest with respect to the research, authorship, 
and/or publication of this article.

Availability of data and materials
Data and materials are available on request to the 
authors of the article.

ORCID iDs
César Hidalgo-García  https://orcid.
org/0000-0001-7667-2178

Orosia Lucha-López  https://orcid.org/0000- 
0002-9930-3903

https://journals.sagepub.com/home/taj
https://orcid.org/0000-0001-7667-2178
https://orcid.org/0000-0001-7667-2178
https://orcid.org/0000-0002-9930-3903
https://orcid.org/0000-0002-9930-3903


C Zárate-Tejero, C Hidalgo-García et al.

journals.sagepub.com/home/taj	 13

Pere Rodríguez-Rubio  https://orcid.org/0000- 
0001-8207-2507

Supplemental material
Supplemental material for this article is available 
online.

References
	 1.	 Kasch H, Stengaard-Pedersen K, Arendt-Nielsen 

L, et al. Headache, neck pain, and neck mobility 
after acute whiplash injury: a prospective study. 
Spine 2001; 26: 1246–1251.

	 2.	 Swinkels RA and Swinkels-Meewisse IE. Normal 
values for cervical range of motion. Spine 2014; 
39: 362–367.

	 3.	 Lemmers GPG, Heijmans MWM, Scafoglieri 
A, et al. Three-dimensional kinematics of the 
cervical spine using an electromagnetic tracking 
device. Differences between healthy subjects 
and subjects with non-specific neck pain and the 
effect of age. Clin Biomech 2018; 54: 111–117.

	 4.	 Pan F, Arshad R, Zander T, et al. The effect of 
age and sex on the cervical range of motion – a 
systematic review and meta-analysis. J Biomech 
2018; 75: 13–27.

	 5.	 Malmström EM, Karlberg M, Fransson PA, et 
al. Primary and coupled cervical movements: the 
effect of age, gender, and body mass index. A 
3-dimensional movement analysis of a population 
without symptoms of neck disorders. Spine 2006; 
31: E44–E50.

	 6.	 Chen J, Solinger AB, Poncet JF, et al. Meta-
analysis of normative cervical motion. Spine 1999; 
24: 1571–1578.

	 7.	 Meisingset I, Stensdotter AK, Woodhouse A, 
et al. Neck motion, motor control, pain and 
disability: a longitudinal study of associations in 
neck pain patients in physiotherapy treatment. 
Man Ther 2016; 22: 94–100.

	 8.	 Pang D and Li V. Atlantoaxial rotatory fixation: 
part 1 – biomechanics of normal rotation at the 
atlantoaxial joint in children. Neurosurgery 2004; 
55: 614–625. Discussion 625–626.

	 9.	 Morishita Y, Falakassa J, Naito M, et al. The 
kinematic relationships of the upper cervical 
spine. Spine 2009; 34: 2642–2645.

	10.	 Kang J, Chen G, Zhai X, et al. In vivo three-
dimensional kinematics of the cervical spine 
during maximal active head rotation. PLoS ONE 
2019; 14: e0215357.

	11.	 Ariëns GA, Bongers PM, Douwes M, et al. Are 
neck flexion, neck rotation, and sitting at work 
risk factors for neck pain? Results of a prospective 
cohort study. Occup Environ Med 2001; 58: 
200–207.

	12.	 Korhonen T, Ketola R, Toivonen R, et al. Work 
related and individual predictors for incident 
neck pain among office employees working with 
video display units. Occup Environ Med 2003; 60: 
475–482.

	13.	 Cagnie B, Danneels L, Van Tiggelen D, et al. 
Individual and work related risk factors for neck 
pain among office workers: a cross sectional 
study. Eur Spine J 2007; 16: 679–686.

	14.	 Hush JM, Michaleff Z, Maher CG, et al. 
Individual, physical and psychological risk factors 
for neck pain in Australian office workers: a 
1-year longitudinal study. Eur Spine J 2009; 18: 
1532–1540.

	15.	 Sinclair M. How visual habits can create body 
tension. Massage Body Work 2013; 28: 82–89.

	16.	 Makino I, Arai YC, Aono S, et al. The effects 
of exercise therapy for the improvement of jaw 
movement and psychological intervention to 
reduce parafunctional activities on chronic pain 
in the craniocervical region. Pain Pract 2014; 14: 
413–418.

	17.	 van der Velde  G, Hogg-Johnson  S, Bayoumi  
AM, et al. Identifying the best treatment among 
common nonsurgical neck pain treatments: a 
decision analysis. J Manipulative Physiol Ther 
2009; 32(Suppl.): S209–S218.

	18.	 Borenstein DG. Chronic neck pain: how to 
approach treatment. Curr Pain Headache Rep 
2007; 11: 436–439.

	19.	 Smith K, Hall T and Robinson K. The influence 
of age, gender, lifestyle factors and sub-clinical 
neck pain on the cervical flexion-rotation test and 
cervical range of motion. Man Ther 2008; 13: 
552–559.

	20.	 Fletcher JP and Bandy WD. Intrarater reliability 
of CROM measurement of cervical spine active 
range of motion in persons with and without 
neck pain. J Orthop Sports Phys Ther 2008; 38: 
640–645.

	21.	 Ernst MJ, Crawford RJ, Schelldorfer S, et al. 
Extension and flexion in the upper cervical 
spine in neck pain patients. Man Ther 2015; 20: 
547–552.

	22.	 Stenneberg MS, Rood M, de Bie R, et al. To 
what degree does active cervical range of motion 
differ between patients with neck pain, patients 

https://journals.sagepub.com/home/taj
https://orcid.org/0000-0001-8207-2507
https://orcid.org/0000-0001-8207-2507


Volume 14

14	 journals.sagepub.com/home/taj

Therapeutic Advances in 
Chronic Disease

with whiplash, and those without neck pain? A 
systematic review and meta-analysis. Arch Phys 
Med Rehabil 2017; 98: 1407–1434.

	23.	 Ishii T, Mukai Y, Hosono N, et al. Kinematics 
of the upper cervical spine in rotation: in vivo 
three-dimensional analysis. Spine 2004; 29: 
E139–E144.

	24.	 Penning L and Wilmink JT. Rotation of the 
cervical spine: a CT study in normal subjects. 
Spine 1987; 1212: 732–738.

	25.	 Dvorak J, Schneider E, Saldinger P, et al. 
Biomechanics of the craniocervical region: the 
alar and transverse ligaments. J Orthop Res 1988; 
6: 452–461.

	26.	 Zhao X, Wu ZX, Han BJ, et al. Three-
dimensional analysis of cervical spine segmental 
motion in rotation. Arch Med Sci 2013; 9: 
515–520.

	27.	 Anderst W, Rynearson B, West T, et al. Dynamic 
in vivo 3D atlantoaxial spine kinematics during 
upright rotation. J Biomech 2017; 60: 110–115.

	28.	 Salem W, Lenders C, Mathieu J, et al. Invivo 
three-dimensional kinematics of the cervical spine 
during maximal axial rotation. Man Ther 2013; 
18: 339–344.

	29.	 Satpute KH, Parekh K and Hall TM. The 
C0–C2 axial rotation test – reliability and 
correlation with the flexion rotation test in 
people with cervicogenic headache and migraine. 
Musculoskelet Sci Pract 2021; 51: 102286.

	30.	 Takasaki H, Hall T, Oshiro S, et al. Normal 
kinematics of the upper cervical spine during the 
flexion–rotation test – in vivo measurements using 
magnetic resonance imaging. Man Ther 2011; 16: 
167–171.

	31.	 Hall TM, Robinson KW, Fujinawa O, et al. 
Intertester reliability and diagnostic validity of 
the cervical flexion-rotation test. J Manipulative 
Physiol Ther 2008; 31: 293–300.

	32.	 Hall T, Briffa K and Hopper D. Clinical 
evaluation of cervicogenic headache: a  
clinical perspective. J Man Manip Ther 2008; 16: 
73–80.

	33.	 Hall T and Robinson K. The flexion–rotation 
test and active cervical mobility—a comparative 
measurement study in cervicogenic headache. 
Man Ther 2004; 9: 197–202.

	34.	 Schäfer AGM, Schöttker-Königer T, Hall TM, 
et al. Upper cervical range of rotation during 
the flexion-rotation test is age dependent: an 
observational study. Ther Adv Musculoskelet Dis 
2020; 12: 1759720X20964139.

	35.	 Swanson BT, Craven AB, Jordan J, et al. 
Comparison of range of motion during the 
cervical flexion rotation versus the side-bending 
rotation test in individuals with and without 
hyperlaxity. J Man Manip Ther 2019; 27: 24–32.

	36.	 Cattrysse E, Baeyens JP, Clarys JP, et al. Manual 
fixation versus locking during upper cervical 
segmental mobilization. Part 2: an in vitro three-
dimensional arthrokinematic analysis of manual 
axial rotation and lateral bending mobilization 
of the atlanto-axial joint. Man Ther 2007; 12: 
353–362.

	37.	 Satpute K, Nalband S and Hall T. The C0-C2 
axial rotation test: normal values, intra- and inter-
rater reliability and correlation with the flexion 
rotation test in normal subjects. J Man Manip 
Ther 2019; 27: 92–98.

	38.	 Osmotherly PG, Rivett D and Rowe LJ. Toward 
understanding normal craniocervical rotation 
occurring during the rotation stress test for the 
alar ligaments. Phys Ther 2013; 93: 986–992.

	39.	 Hidalgo-García C, Lorente AI, Lucha-López O, 
et al. The effect of alar ligament transection on 
the rotation stress test: a cadaveric study. Clin 
Biomech 2020; 80: 105185.

	40.	 Blanpied PR, Gross AR, Elliott JM, et al. 
Clinical practice guidelines summary of 
recommendations. J Orthop Sport Phys Ther 2017; 
47: 1–83.

	41.	 Misailidou V, Malliou P, Beneka A, et al. 
Assessment of patients with neck pain: a review of 
definitions, selection criteria, and measurement 
tools. J Chiropr Med 2010; 9: 49–59.

	42.	 Marrugat J. Sample size and power calculator. 
Institut Municipal d’Investigació Mèdica, https://
www.imim.es/ofertadeserveis/software-public/
granmo/ (2012, accessed 22 October 2021).

	43.	 Youdas JW, Garrett TR, Suman VJ, et al. Normal 
range of motion of the cervical spine: an initial 
goniometric study. Phys Ther 1992; 72: 770–780.

	44.	 Dunning JR, Cleland JA, Waldrop MA, et 
al. Upper cervical and upper thoracic thrust 
manipulation versus nonthrust mobilization in 
patients with mechanical neck pain: a multicenter 
randomized clinical trial. J Orthop Sports Phys 
Ther 2012; 42: 5–18.

	45.	 Dvorak J, Antinnes JA, Panjabi M, et al. Age 
and gender related normal motion of the cervical 
spine. Spine 1992; 17(Suppl.): S393–S398.

	46.	 Ariens GA, Van Mechelen W, Bongers PM, et al. 
Physical risk factors for neck pain. Scand J Work 
Environ Health 2000; 26: 7–19.

https://journals.sagepub.com/home/taj


C Zárate-Tejero, C Hidalgo-García et al.

journals.sagepub.com/home/taj	 15

	47.	 Croft PR, Lewis M, Papageorgiou AC, et al. Risk 
factors for neck pain: a longitudinal study in the 
general population. Pain 2001; 93: 317–325.

	48.	 Quintana JM, Padierna A, Esteban C, et al. 
Evaluation of the psychometric characteristics of 
the Spanish version of the Hospital Anxiety and 
Depression Scale. Acta Psychiatr Scand 2003; 
107: 216–221.

	49.	 Kovacs FM, Bagó J, Royuela A, et al. 
Psychometric characteristics of the Spanish 
version of instruments to measure neck pain 
disability. BMC Musculoskelet Disord 2008; 9: 42.

	50.	 Audette I, Dumas JP, Côté JN, et al. Validity 
and between-day reliability of the cervical range 
of motion (CROM) device. J Orthop Sports Phys 
Ther 2010; 40: 318–323.

	51.	 Hall T, Briffa K, Hopper D, et al. Long-term 
stability and minimal detectable change of the 
cervical flexion-rotation test. J Orthop Sports Phys 
Ther 2010; 40: 225–229.

	52.	 Cohen J. Statistical power analysis for the behavioral 
sciences. 2nd ed. Hillsdale, NJ: Lawrence Erlbaum 
Associates Inc., 1988.

	53.	 Hanney WJ, Puentedura EJ, Kolber MJ, et al. 
The immediate effects of manual stretching and 
cervicothoracic junction manipulation on cervical 
range of motion and upper trapezius pressure 
pain thresholds. J Back Musculoskelet Rehabil 
2017; 30: 1005–1013.

	54.	 Ferracini GN, Florencio LL, Dach F, et al. 
Musculoskeletal disorders of the upper cervical 
spine in women with episodic or chronic 
migraine. Eur J Phys Rehabil Med 2017; 53: 
342–350.

	55.	 Oliveira-Souza AIS, Florencio LL, Carvalho GF, 
et al. Reduced flexion rotation test in women with 
chronic and episodic migraine. Braz J Phys Ther 
2019; 23: 387–394.

	56.	 Grondin F, Hall T and von Piekartz H. 
Does altered mandibular position and dental 
occlusion influence upper cervical movement: a 
cross–sectional study in asymptomatic people. 
Musculoskelet Sci Pract 2017; 27: 85–90.

	57.	 Hall T, Briffa K and Hopper D. The influence of 
lower cervical joint pain on range of motion and 
interpretation of the flexion-rotation test. J Man 
Manip Ther 2010; 18: 126–131.

	58.	 Bravo Petersen SM and Vardaxis VG. The 
flexion-rotation test performed actively and 
passively: a comparison of range of motion in 
patients with cervicogenic headache. J Man 
Manip Ther 2015; 23: 61–67.

	59.	 Luedtke K, Starke W and May A. 
Musculoskeletal dysfunction in migraine patients. 
Cephalalgia 2018; 38: 865–875.

	60.	 Cook C, Hegedus E, Showalter C, et al. Coupling 
behavior of the cervical spine: a systematic review 
of the literature. J Manipulative Physiol Ther 2006; 
29: 570–575.

	61.	 Bashaireh KM, Yabroudi MA, Nawasreh ZH, 
et al. Racial variations in knee joint laxity: a 
comparative study of the Jordanian Arab and 
Malay populations. Knee 2020; 27: 1205–1211.

	62.	 Hing W and Reid D. Cervical spine management: 
pre-screening requirement for New Zealand. 
Auckland, New Zealand: New Zealand 
Manipulative Physiotherapist Association, 2004.

	63.	 Boszczyk BM, Littlewood AP and Putz R. A 
geometrical model of vertical translation and alar 
ligament tension in atlanto-axial rotation. Eur 
Spine J 2012; 21: 1575–1579.

	64.	 Lorente AI, Hidalgo-García C, Rodríguez-Sanz 
J, et al. Intersegmental kinematics of the upper 
cervical spine: normal range of motion and its 
alteration after alar ligament transection. Spine 
2021; 46: E1320–E1326.

	65.	 Dugailly PM, Sobczak S, Sholukha V, et al. In 
vitro 3D-kinematics of the upper cervical spine: 
helical axis and simulation for axial rotation and 
Xexion extension. Surg Radiol Anat 2010; 32: 
141–151.

	66.	 Zhou C, Wang H, Wang C, et al. Intervertebral 
range of motion characteristics of normal cervical 
spinal segments (C0-T1) during in vivo neck 
motions. J Biomech 2020; 98: 109418.

	67.	 Osmotherly PG, Rivett DA and Rowe LJ. 
Construct validity of clinical tests for alar 
ligament integrity: an evaluation using  
magnetic resonance imaging. Phys Ther 2012; 92: 
718–725.

	68.	 Beyer B, Sobczak S, Salem W, et al. 3D motion 
reliability of occipital condylar glide testing: from 
concept to kinematics evidence. Man Ther 2016; 
21: 159–164.

Visit SAGE journals online 
journals.sagepub.com/
home/taj

SAGE journals

https://journals.sagepub.com/home/taj
https://journals.sagepub.com/home/taj
https://journals.sagepub.com/home/taj

