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Objectives: The cervical range of motion device (CROM) has been shown to provide reliable forward head
position (FHP) measurement when the upper cervical angle (UCA) is controlled. However, measurement
without UCA standardization is reflective of habitual patterns. Criterion validity has not been reported. The
purposes of this study were to establish: (1) criterion validity of CROM FHP and UCA compared to Optotrak
data, (2) relative reliability and minimal detectable change (MDC95) in patients with and without cervical
pain, and (3) to compare UCA and FHP in patients with and without pain in habitual postures.
Methods: (1) Within-subjects single session concurrent criterion validity design. Simultaneous CROM and
OP measurement was conducted in habitual sitting posture in 16 healthy young adults. (2) Reliability and
MDC95 of UCA and FHP were calculated from three trials. (3) Values for adults over 35 years with cervical
pain and age-matched healthy controls were compared.
Results: (1) Forward head position distances were moderately correlated and UCA angles were highly
correlated. The mean (standard deviation) differences can be expected to vary between 1.48 cm (1.74) for
FHP and 21.7 (2.46)u for UCA. (2) Reliability for CROM FHP measurements were good to excellent (no
pain) and moderate (pain). Cervical range of motion FHP MDC95 was moderately low (no pain), and
moderate (pain). Reliability for CROM UCA measurements was excellent and MDC95 low for both groups.
There was no difference in FHP distances between the pain and no pain groups, UCA was significantly
more extended in the pain group (P,0.05).
Discussion: Cervical range of motion FHP measurements were only moderately correlated with Optotrak
data, and limits of agreement (LOA) and MDC95 were relatively large. There was also no difference in
CROM FHP distance between older symptomatic and asymptomatic individuals. Cervical range of motion
FHP measurement is therefore not recommended as a clinical outcome measure. Cervical range of motion
UCA measurements showed good criterion validity, excellent test–retest reliability, and achievable MDC95

in asymptomatic and symptomatic participants. Differences of more than 6u are required to exceed error.
Cervical range of motion UCA shows promise as a useful reliable and valid measurement, particularly as
patients with cervical pain exhibited significantly more extended angles.
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Introduction and Purpose
Cervical pain is common in individuals who work in

seated postures1,2 and computer users.2,3 Extreme

postural positions such as forward head posture and

upper cervical extension angle (which are inter-

related) may potentially contribute to stress on the

cervical joints and muscles. Forward head position

(FHP) is measured as the sagittal distance from C7 to

the nose or the angle between C7 and the ear relative

to horizontal with most studies reporting FHP as the

measurement reflecting head and neck position with

respect to the trunk.4–6 A more extended upper cervical

angle (UCA) has been suggested to be a response to a

FHP position to maintain eye gaze when there is

increased anterior translation of the head.6 Although

FHP is commonly observed in patients with cervical

pain and is frequently reported in studies related to

cervical pain,7 the strength of the relationship between

FHP and cervical pain is still a topic of discussion.

There have been statistically significant differences

noted in FHP measurements between asymptomatic
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and symptomatic groups using the cervical range of

motion (CROM) device4 in sitting and using photo-

graphs in standing.6 Moderate correlation between

FHP measurements and neck disability measures has

also been reported.7

The information from previous studies leaves gaps

in our current knowledge related to cervical posture

in individuals with and without pain. The lack of a

reliable and valid tool to be used systematically in the

clinical settings complicates research designed to

address this question. While clinicians often assess

posture during clinical examination, objective mea-

surements are used less frequently. In order to further

establish if postural measurements contribute to

cervical dysfunction in clinical settings, an instrument

which has adequate clinimetric properties is needed.8

Sophisticated quantitative measurement systems9–11

and photographic analysis12–16 provide highly reliable

data, but are time consuming, while visual analysis has

limited reliability.17–19 The CROM device exhibits

good to excellent reliability and criterion validity for

range of motion (ROM).20–23 The CROM also has

moderate to excellent test–retest and moderate to good

inter-rater reliability for FHP measurements.24,25

These reliability studies were conducted in standar-

dized supported sitting and cues were used to adjust

UCA position to ensure that the CROM FHP arm was

horizontal. However, upper and lower cervical regions

often function independently,7,26–28 and, therefore,

habitual posture is not reflected if UCA is controlled

while measuring FHP anterior translation. Measure-

ments taken in naturally assumed postures without

standardization would represent the patient’s actual or

habitual postures. Criterion validity compared to

sophisticated motion analysis equipment and minimal

detectable change (MDC95) – the minimal amount of

change needed to reflect true change beyond measure-

ment error at the 95% confidence interval – have not

been reported.

The purposes of this study were to establish the

following for FHP and UCA measurements in a

habitual seated posture: (1) criterion validity and the

level of agreement between CROM measurements

compared to optoelectronic measurements, (2) test–

retest relative reliability and minimal detectable

change at the 95% confidence level (MDC95) in

asymptomatic (no pain) and symptomatic (pain)

groups, and (3) to determine if FHP and UCA

measures were significantly different between indivi-

duals with and without cervical pain.

Methods
This study was approved by the Human Investigation

Committee at Wayne State University and informed

consent was obtained from all participants. A within-

subject single session design was used with three trials

conducted for each participant in both Part 1

(criterion validity study) and Part 2 (reliability study).

Data for the patients with pain in Part 2 were

obtained from baseline testing data in a registered

clinical trial [http://www.clinicaltrials.gov-identifier

NCT01999283].

Part 1: criterion validity
Criterion validity and level of agreement of FHP and

UCA measurements from the CROM device (deluxe

version) (Performance Attainment Associates, Roseville,

MN, USA; http://www.spineproducts.com) and the

Optotrak Certus motion analysis system (Northern

Digital, Inc., Waterloo, ON, Canada) were established.

Part 2: reliability & construct validity
Cervical range of motion FHP and UCA relative

reliability measurements and MDC95 were estab-

lished for age-matched individuals with cervical pain

and healthy controls. Forward head position and

UCA values were compared between groups.

Participants
Part 1: criterion validity

Sixteen asymptomatic young adults between 21 and

30 years of age (3 M, 13 F, age: mean (SD) 24 (2)

years) were recruited from an urban research

university setting. Participants were excluded if they

reported a history of neck pain or trauma, surgery,

vestibular problems, persistent headaches, or radicu-

lar symptoms.

Part 2: reliability & construct validity

Twenty females with cervical pain and 20 age-

matched healthy controls (mean age 51 years, range

35–69 years) participated in the second part of the

study. Healthy female controls with no pain were

recruited as a sample of convenience. Symptomatic

participants were matched based on age and sex from

a data base collected for baseline measurements for

an exercise intervention study. Symptomatic partici-

pants were included if they reported an average pain

of §3/10 for more than 3 months, no symptoms of

radiculopathy (numbness, tingling, or weakness), and

no history of recent trauma or major medical

problems.29 Participants completed the neck disabil-

ity index (NDI).30

Procedures
Tester variability was limited by using one tester (Part

1) and by providing at least 20 hours of training for

the three testers (Part 2) until consistent procedures

were established (Part 2). Participants were seated on

a plinth with 90u of hip/knee flexion, both feet placed

flat on the floor and hands on top of their legs. They

were instructed to: ‘sit in your normal posture and to

look straight ahead at a point on the wall’ defined as

their habitual posture (Fig. 1) and were asked to

stand up in between trials. One practice trial preceded
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three test trials. The CROM was placed on the bridge

of the nose and ears and its location was verified

between trials. The vertebral locator arm was placed on

C7 which was located by asking participants to flex,

and extend followed by cervical rotation while palpat-

ing for the most mobile segment in the cervicothoracic

junction region.31 The embedded bubble inclinometer

on the vertebral locator was used to ensure vertical

alignment. The sagittal distance from the bridge of the

nose to the intersection of the vertebral locator with the

horizontal forward arm was used to measure FHP to

the nearest 0.5 cm (Fig. 2). Upper cervical angle was

recorded as the degree of flexion/extension using the

sagittal inclinometer on the CROM (Fig. 3). Upper

cervical angle measurements were transformed to a

vertical reference consistent with optoelectronic mea-

surements by adding 90u to provide a continuous scale

without the use of negative and positive values relative

to horizontal.

Four Optotrak Certus wireless system reflective

markers were placed on: (1) the velcro strap of the

CROM device under the occipital prominence

(OCC), (2) spinous process of C7 (C7), (3) bridge of

CROM device level with the nose (N), and (4) ear (E).

The CROM device was monitored between trials to

ensure that the position of the device remained stable.

In addition, data corresponding to the position of the

reflective markers placed on the CROM device were

examined to confirm that the device remained stable

across trials. Data were recorded for 6 seconds for

Figure 2 Cervical range of motion (CROM) device forward

head position (FHP) measurement.

Figure 3 Cervical range of motion (CROM) device and

Optotrak upper cervical angle (UCA) 1 and 2 measurement.

Figure 1 Setup for testing position.
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each trial using the Optotrak system. Immediately

following the Optotrak measurements the researcher

recorded FHP and UCA from the CROM device.

Optoelectronic data processing

Posture data were detected from the reflective

markers and recorded by four Optotrak CertusTM

optoelectronic sensors placed systematically in the

testing area. Data were sampled at 100 Hz and planar

coordinates corresponding to each marker were

recorded using NDI Toolbench software version

1.1. Data recorded using the Optotrak system have

been reported to be accurate to the closest 0.1 mm

with a resolution of 0.01 mm (http://www.ndigital.

com). The system has been reported to have minimal

measurement error and good precision, along with

excellent repeatability.32

Two seconds of position data corresponding to the

most stable range of the 6 second output (between 2

and 4 seconds with less than 5% variation in the

output signal) were extracted for each trial.33 Two

upper cervical angles, UCA 1 and UCA 2, were

calculated. The OCC and N sensors (UCA 1) were

used to reflect the position of the CROM device and E

and N (UCA 2) to reflect the head inclination. Angles

were calculated from a vertical vector projected

through the most posterior marker; OCC for UCA 1

and E for UCA 2. All Optotrak angles were calculated

from the caudal aspect of the vertical vector.

Statistical analysis
Part 1: criterion validity

Criterion validity of the CROM FHP and UCA

measurements was established using intraclass cor-

relation coefficients (ICC2,k), which reflect both

degree of correspondence and agreement between

measures.34 The means of the three trials from

comparable Optotrak distances and angles were used.

Limits of agreement (LOA) at the 95% confidence

level were calculated from the mean (SD) of the

differences between CROM and Optotrak data

(Mean (CROM–OP)¡2 SD Diff CROM/OP).35,36

The differences between values obtained with the two

instruments and the means of the two measurements

for each participant were analyzed visually using

Bland–Altman plots to determine if there was any

systematic bias.35

Part 2: reliability & construct validity

Intraclass correlation coefficients (ICC 3,1)37 were

calculated using SPSS PASW 20 to determine test–

retest reliability across three trials. Reliability coeffi-

cients were interpreted as ICCs below 0.75 indicat-

ing poor to moderate reliability, above 0.75 good

reliability, and clinically acceptable or excellent

reliability as greater than 0.90.34 The MDC95 (the

minimum amount of change needed to reflect true

change beyond measurement error at the 95%

confidence interval) was calculated using the formula:

MDC955Z 6 SEM 6 !2, where Z51.96, the score

associated with the 95% CI, and !2 is a multiplier to

account for added uncertainty when repeated mea-

sures are taken of an outcome measure. Standard

error of measurement (SEM), which contributed to

this calculation, was computed from the square root

of the mean square error term from the ICC ANOVA

tables. Finally, the FHP and UCA measurements

were compared between the no pain and pain groups

using independent t-tests with significance set at

P,0.05. Post-hoc power analysis was performed with

G*Power software to determine the achieved power

for the comparisons between those with and without

pain using an alpha of 0.05, equal sample sizes and

the corresponding means and SD.

Results
Descriptive statistics are presented in Tables 1 and 2.

Reliability and MDC95 results are presented in

Table 3. For Part 1, 16 (F513, M53) young healthy

individuals (mean age 24 years) participated in the

study. In Part 2, 20 females (mean age 51.8 years)

with chronic neck pain and 20 age-matched controls

(mean age 51.7 years) participated in the study.

Part 1: criterion validity
Cervical range of motion and Optotrak FHP distance

means were moderately correlated in the young

asymptomatic participants (ICC2,k50.72) (Fig. 4).

Means for UCA angles were highly correlated

(UCA 1 ICC2,k50.94, UCA 2 ICC2,k50.89) indicat-

ing that angles calculated from markers placed on the

CROM (UCA 1) and on the head (UCA 2) were

similarly associated with Optotrak measurements

(Fig. 5).

Table 1 Forward head position (FHP) and upper cervical angle (UCA) measured with the cervical range of motion
(CROM) device and Optotrak for younger asymptomatic participants (Part 1)

CROM Optotrak

Mean (SD) Range Mean (SD) Range

A. Forward head position (cm) 1 19.75 (2.3) 15.3–3.3 18.27 (1.2) 16.18–20.3
B. Upper cervical angle (u) 2 UCA 1 (Occiput–nose) 90.7 (5.3) 80–97.3 92.4 (4.7) 82.7–100

UCA 2 (ear–nose) 128.3 (4.9) 120.9–138.5

1Forward head measurement in sagittal plane from C7 to the bridge of the nose.
2Upper cervical angles are reported with respect to the vertical.
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The mean (SD) of the FHP difference scores

between the CROM compared to the Optotrak data

were 1.48 (1.74) cm with the 95% LOA equal to 22–

4.94 cm. While there was no systematic bias observed

on the Bland–Altman plot, CROM FHP measure-

ments were greater than Optotrak measurements in

some participants (Fig. 6). The mean (SD) difference

in scores between instruments for UCA 1 was

21.73(2.46)u with a 95% LOA of 26.65–3.19u
(Fig. 7). The CROM angular measurements were

slightly more flexed than the Optotrak UCA values,

Table 2 Participant demographics, forward head position (FHP) and upper cervical angle (UCA) measured with the
cervical range of motion (CROM) device comparison between asymptomatic and symptomatic participants using
independent t-tests (Part 2)

Asymptomatic (n520) Symptomatic (n520)

PMean (SD) Range Mean (SD) Range

Demographics
Age 51.7 (8) 35–69 51.8 (8) 35–69 P50.97
Height (inches) 64.7 (2) 61–68 65.9 (2.7) 63–75 P50.14
Weight 161 (33) 125–250 157.3 (34.9) 123–250 P50.75
Pain (0–10/10){ 0 0 4.95 (1.82) 3–8
NDI (0/50) 3.1 (0) 0–4 16.1 (5) 8–24 P,0.001*

Postural variables
A. Forward head position (cm) 1 17.5 (3) 13.5–24.8 16.2 (2.7) 10.2–22 P50.14
B. Upper cervical angle CROM (u) 2 93.4 (7.2) 79.3–106 99.1 (6.6) 85.3–113.3 P,0.01*

1Forward head measurement in sagittal plane from C7 to the bridge of the nose.
2Upper cervical angles are reported with respect to the vertical.
{Statistical analysis not possible due to zero value for controls.
*Significant at the P,0.01 level.

Table 3 Test–retest reliability, and minimal detectable change (MDC) for forward head position (FHP) and upper cervical
angle (UCA) measured with the cervical range of motion (CROM) device and OPTOTRAK

Group ICC3,1 MDC95 MDC95 (%)

A. Forward head position (cm) Optotrak No pain (young) 0.93 0.9 5.1
CROM No pain (young) 0.82 2.9 14.7

No pain (older) 0.93 2.5 13.9
Pain (older) 0.69 3.6 22.4

B. Upper cervical angle (u) Optotrak UCA 1 (occiput to nose) No pain (young) 0.91 4 4.3
Optotrak UCA 2 (ear to nose) No pain (young) 0.91 4.1 3.2
CROM UCA No pain (young) 0.90 4.9 5.4

No pain (older) 0.94 5.2 5.6
Pain (older) 0.89 6.3 6.5

Figure 4 Part 1: Criterion validity study comparison of

forward head position (FHP) measurements recorded from

the cervical range of motion (CROM) device compared to the

Optotrak. (1) CROM and Optotrak measurements moderately

correlated (ICC2,k50.72). (2) Measurements corresponding to

distance from C7 to the nose in the sagittal plane measured

in centimeters.

Figure 5 Part 1: Criterion validity study comparison of

upper cervical angle (UCA) measurements recorded from the

cervical range of motion (CROM) device compared to the

Optotrak. (1) CROM and Optotrak UCA angle measurements

were highly correlated (UCA 1 ICC2,k50.94, UCA 2

ICC2,k50.89). (2) Optotrak UCA 1 calculated from markers

on the occiput, nose relative to a vertical vector from the

occipital marker analogous to the position of the CROM, UCA

2 calculated from markers on occiput, ear relative to the

same vertical vector analogous to the head inclination.
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but the LOA were within acceptable ranges and there

was no systematic bias.

Part 2: reliability (Table 3)
Test–retest relative reliability of FHP CROM mea-

surements was good to excellent for asymptomatic

(ICC3,150.82 {Part 1 young},50.93 {Part 2 older})

and only moderate for symptomatic older adults

(ICC3,150.69). Cervical range of motion UCA relia-

bility was excellent for both asymptomatic ICC3.150.90

{young},5ICC3.150.94 {older}, and symptomatic par-

ticipants (ICC3.150.89 {older}). The Optotrak mea-

surements exhibited excellent reliability (OP FHP

ICC3,150.93; UCA 1 & 2 ICC3,150.91).

Part 2: minimal detectable change (Table 3)
Cervical range of motion FHP MDC95/MDC95% for

the young asymptomatic participants was feasible

(2.9 cm, 14.7%), but was three times larger than the

distance required to exceed error for Optotrak FHP

(0.9 cm, 5.1%). Forward head position MDC95

distance was 1 cm larger in the symptomatic older

participants (3.6 cm, 22.4%), compared to the asymp-

tomatic participants (2.5 cm, 13.9%).

MDC95/MDC95% for CROM UCA measurements

were low and feasible for participants without pain

(4.9–5.2u/5.4–5.6%) and similar to Optotrak values

(4u/4.3%). The MDC95 values for participants with

pain only differed by a degree (6.3u/6.5%).

Part 2: differences in asymptomatic and
symptomatic groups
There was no difference in FHP distances between

the older participants with and without pain. Post hoc

power analysis of FHP results using the means and

SD listed in Table 2 revealed an effect size of d50.45

considered to be medium (Cohen’s d) and rendered a

power of 0.30. The UCA measurements in these same

participants were however, significantly more

extended in the older participants with pain than

those without pain (P,0.01). The effect size for UCA

(d50.71) can be considered large (Cohen’s d) and

rendered a power of 0.72.

Discussion
The purposes of this study were to establish (1)

criterion validity of FHP and UCA CROM compared

to optoelectronic measurements, (2) test–retest relative

reliability and MDC95 in asymptomatic and sympto-

matic groups, and (3) if FHP and UCA measures

differed between individuals with and without neck

pain.

The CROM FHP measurements did not provide

sufficient concurrent criterion validity relative to the

comparable Optotrak FHP distances to be considered

as a suitable alternative to the optoelectronic measure-

ments. Positive correlations between CROM and

Optotrak FHP distances (ICC2,k50.72) were only

moderate. The FHP LOA at the 95% CI was also large

for a measure with physiological range limits (2–

4.94 cm). It is possible that FHP measurements were

influenced by angulation of the instrument with UCA

adjustments or anatomical variations. If the CROM

FHP arm was slanted, there was difficulty reading the

intersection of the vertebral locator between the

divisions which could have contributed to error. The

CROM increments of measurement (0.5 cm) may not

reflect subtle postural changes, a limitation of the

instrument discussed by other authors.24,25 Although

the newer model of the CROM has 1u increments for

ROM measurement, the FHP divisions have not been

changed. The reference point for the CROM on the

head should be considered a limitation for measure-

ment of FHP.

Same-day test–retest reliability of CROM FHP

measurements for asymptomatic participants was good

to excellent (ICC3,150.82, 0.93), but only moderate for

the older participants with pain (ICC3,150.69). The

CROM FHP test–retest reliability in the young no pain

Figure 6 Bland–Altman plot – differences between cervical

range of motion (CROM) device and Optotrak forward head

position (FHP) distance measurements related to the mean of

the CROM device/Optotrak FHP measurements.

Figure 7 Bland–Altman Plot – difference between cervical

range of motion (CROM) device and Optotrak upper cervical

angle (UCA) compared to mean of CROM device/Optotrak

UCA 1.

Dunleavy et al. Reliability and validity of cervical position measurements

Journal of Manual and Manipulative Therapy 2015 VOL. 23 NO. 4 193



group (ICC3,150.82) was similar to results to those

reported by Hickey et al.25 for young asymptomatic

participants (mean age 25 years) (ICC2,150.77). These

results suggest that reliability in young asymptomatic

participants, in both supported and unsupported

seated testing positions, is consistent. In this study,

the reliability of CROM FHP measurements in the

older participants with pain (ICC3,150.69) was lower

than the reliability reported for participants of similar

age with cervical and shoulder dysfunction by Garrett

et al. (ICC1,150.93).24 Differences may be related to

the fact that habitual postures were used in the present

study compared to using standardized postures in

Garrett et al.24 The good test–retest reliability without

standardization indicates that asymptomatic indivi-

duals appear to assume unsupported habitual postures

with some degree of repeatability. The slightly lower

test–retest reliability and larger measurement error

noted in older individuals with pain (in this study

between 35 and 69 years old) is of interest, and postural

variability in the presence of pain in this age group is

worthy of future investigations.

MDC95 is a useful indicator for clinicians and

researchers to gage individual improvement which

exceeds variability due to error. MDC95 and

MDC95% for CROM FHP measurement in young

asymptomatic participants (2.9 cm/14.7%), was lar-

ger than the Optotrak FHP values, which were less

than 1 cm (0.9 cm/5.1%). The FHP MDC95% in the

older participants with pain was larger and the

amount of change required to exceed measurement

error was large particularly as there are physiological

end range limits (3.6 cm/22%). The results from this

study do not support the use of CROM FHP

measurements in naturally assumed seated postures

based on moderate criterion validity and reliability

and MDC95 values which are likely to be difficult to

achieve in older individuals with pain.

The CROM UCA, however, provided measure-

ments which were extremely comparable to Optotrak

angles reflecting both the position of the CROM and

the participant (ICC2,k50.94, 0.89). The LOA between

the instruments was feasible (26.723.2u) and consis-

tent with previous ROM criterion validity.21,22 Test–

retest reliability in individuals with and without pain

was excellent (ICC3,1.0.90) with feasible MDC95 (4–5u/
3–5%). Previous studies using the CROM have standar-

dized the UCA to achieve 0u flexion/extension24,25

and used the back of the chair to ensure a horizontal

position of the FHP arm, however, the habitual or

natural position used in this study demonstrated good

UCA repeatability. This finding supports the use of the

instrument in clinical settings when no instructions or

external supports are provided.

There is limited research comparing UCA between

individuals with and without neck pain and these

studies did not find statistical significant differences

between groups.6,38 In this study, older individuals

with pain exhibited a significantly more extended

UCA than age-matched asymptomatic individuals

without pain (P,0.05) while there were no differ-

ences in FHP distances between the groups. Increased

upper cervical extension might represent natural

adjustments to compensate for mobility restrictions

in the lower cervical or thoracic regions, or altera-

tions in the deep flexor39–41 and extensor42,43 postural

muscle support. Prolonged or maximal upper cervical

extension required to maintain eye gaze may con-

tribute to increased loading of the upper cervical

joints. Elliott et al.42 observed increased use of the

superficial extensor muscles and less activity of the

small deep cervical extensors with craniocervical

extension in prone at low levels of muscle contrac-

tion in normal individuals. While numerous studies

have implicated the deep neck flexors as being

inhibited in patients with cervical pain,39–41 less

research has focused on possible contributions from

the extensor muscles or distinguished between upper

and lower cervical region adjustments. Further in-

vestigation of UCA in individuals with chronic neck

pain is needed.

The relationship and function of the upper and

lower cervical spine are inter-related7,26–28 but

may also be influenced by adjustments in lumbar,44

upper thoracic,18 and shoulder position.2 This study

provides preliminary support for the use of UCA

as a measurement of postural position using the

CROM in habitual posture rather than standar-

dized positions, with the acknowledgment that other

spinal postural combinations may influence UCA

position.

The reliability of postural measurements will be

influenced by tester and participant variability,

consistency of instructions, or the measurement

device itself. Tester variability was limited by using

one tester (Part 1) or training (Part 2), while

consistency of instructions was ensured. In order to

establish the level of agreement between the CROM

and Optotrak devices, concurrent measurement was

conducted. As the Optotrak provided highly reliable

results with low measurement error, the moderate

agreement between the CROM and the Optotrak

measurements suggests that error contributions from

the CROM instrument or the tester were more likely

than individual participant variation between trials.

Limitations related to this study need to be

acknowledged. This cross-sectional study included

only females within a specific age range. The results

may not extrapolate to males, or to those outside the

age ranges studied. While MDC is an important

consideration, determining clinically important dif-

ferences requires longitudinal study of the measures.
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Conclusions
Cervical range of motion FHP measurements, although

demonstrating good reliability in asymptomatic parti-

cipants, were only moderately correlated with Optotrak

data, and LOA and MDC95 were relatively large. There

was also no difference in CROM FHP distance between

older symptomatic and asymptomatic individuals.

Cervical range of motion FHP is, therefore, not

recommended as a clinical outcome measure.

Cervical range of motion UCA measurements showed

good criterion validity, excellent test–retest reliability,

and achievable MDC95 in asymptomatic and sympto-

matic participants. Differences of more than 6u are

required to exceed measurement error. Participants with

cervical pain exhibited a significantly more extended

UCA. Cervical range of motion UCA shows promise as

a useful reliable and valid measurement option.
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